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Executive Summary ADDRESS (“Active Distribution networks with full integration of Demand and distributed energy RESourceS”) is a four-year large-scale R&D European project launched in June 2008. The project coordinator is ENEL Distribuzione SpA and the consortium consists of 25 partners from 11 European countries spanning the entire electricity supply chain, qualified R&D bodies, SMEs (Small and Medium Enterprises) and manufacturers. The aim of the project is to develop a comprehensive commercial and technical framework for the development of “Active Demand” in the smart grids of the future. In ADDRESS, “Active Demand” (AD) means the active participation of domestic and small commercial consumers in the power system markets and in the provision of services to the different power system participants. Within ADDRESS, “Active Demand” involves all types of equipment that may be installed at the consumers (or prosumers) premises: electrical appliances (“pure” loads), distributed generation (such as photo-voltaic arrays or micro-turbines) and thermal or electrical energy storage systems. The present Deliverable D1.1 entitled “Conceptual architecture including description of: participants, signals exchanged, markets and market interactions, overall expected system functional behaviour” has been produced in Work Package 1 (WP1) of the project. The main objective of this deliverable is to describe the conceptual technical and commercial architectures developed to enable AD and exploit its benefits, and more specifically: 1. the participants and other components of the architectures, 2. the services that could be provided by AD and the markets interactions, 3. the different interactions between the participants and the design of the signals exchanged between them in relation to the provision of these services, 4. the overall system behaviour both from the commercial and technical points of view and the corresponding basic requirements for the implementation of the architectures, 5. the issues to be solved and potential barriers to be removed. Deliverable D1.1 is composed of two reports: the present report which is the core document of the deliverable and provides a condensed and hopefully reader-friendly description of the technical and commercial architectures developed in the ADDRESS project. a second document containing the appendices which provide a detailed description of topics covered in the core document. Figure 1 shows a simplified representation of the proposed architecture. In this architecture, the aggregators are a central concept. The aggregators are the key mediators between the consumers on one side and the markets and the other power system participants on the other side, namely: - The aggregators collect the requests and signals for AD-based services coming from the markets and the different power system participants. - They gather the “flexibilities” and the contributions provided by consumers to form AD-based services and they offer them to the different power system participants through various markets. It should be emphasized that the “flexibilities and contributions of consumers are provided in the form of modifications of their consumption profile. Therefore aggregators form their AD services and offers using consumers’ “demand modifications” and not consumers’ energy profile as such. Or in other words, aggregator sells a deviation from the forecasted level of demand, and not a specific level of demand.
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Figure 1.



ADDRESS scope and simplified representation of the architecture



The participants in the architecture and the AD services provided to them A part from the aggregators and the consumers, two types of participants may be distinguished: - regulated participants: DSOs and TSOs, - deregulated participants or participants in competition. For these latter, 9 players are considered and they may be divided into three main categories: o Producers: central producers, decentralised electricity producers, producers with regulated tariff and obligations (reserve, volume, curtailment, etc.) o Intermediaries: retailers, production aggregators, electricity traders, electricity brokers, Balancing Responsible Parties (BRPs). o Consumers: large consumers. For all the participants, their needs and expectations with respect to active demand are analysed on the basis of their functions and stakes and the possible services that AD could provide them are identified and described. This leads to a large number of different AD services, and more specifically: - 24 different AD services for the 9 deregulated players, - 7 different AD services provided to DSOs and TSOs. Therefore before going further in the description of these services, it is necessary to define standardized AD products in order to formulate the identified services. The outcome of a thorough reflection on those services has been the identification of three basic AD-based products summarized in Table 1. The SRP and CRP products imply single specific unidirectional volume (which could possibly be a volume range). The CRP-2 can be considered as the combination of two separate CRP with the appropriate associated demand reduction and increment. Appropriate templates for describing the AD services in an standardized form are also defined.
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Table 1.



AD products and their main characteristics



AD Product



Conditionality



Typical example



Scheduled reprofiling (SRP)



Unconditional (obligation)



The aggregator has the obligation to provide a specified demand modification (reduction or increase) at a given time to the product buyer.



Conditional reprofiling (CRP)



Conditional (real option)



The aggregator must have the capacity to provide a specified demand modification during a given period. The delivery is called upon by the buyer of the AD product (similar to a reserve service).



Conditional (real option)



The aggregator must have the capacity to provide a specified demand modification during a given period in a bi-directional range [ -y, x ] MW, including both demand increase and decrease. The delivery is called upon by the buyer of the AD product (similar to a reserve service).



Bi-directional conditional reprofiling (CRP-2)



The interactions between the participants and the aggregator Using the templates, the 31 AD services previously identified are then formulated in a standardized form which provides the signals and information exchanged between the participants and the aggregator for the request of the AD services. Special relationships between participants are examined in detail: -



Relationships between the regulated participants, i.e. the DSO and the TSO, which require a good coordination between them at different levels: o



From the commercial point of view where for some kind of services a coordination between DSO and TSO might be needed to avoid conflicting requests or improve efficiency, provided that this “coordination” between the TSO and the DSO does not introduce any bias in the market and does not raise any barriers for any deregulated players to provide services.



o



From the technical point of view a coordination is needed between the DSO and the TSO to carry out the technical validation of the AD transactions performed by the aggregators. Indeed, the actions performed by aggregators through the management of their consumers’ portfolio have an impact on the power flows and voltages on the lines and other network equipment. There might be some cases where network constraint violations will occur. In order to avoid these network constraints violations, DSOs and TSOs need to assess the impact of prospective AD actions and take appropriate measures when these actions cause or could cause a problem. This may require a “curtailment” of the AD products if no other solutions can be found.



-



Relationships between the aggregators and the DSO regarding the technical validation mentioned above.



-



Relationships between the aggregators, retailers, BRPs and TSOs regarding possible imbalances that can be caused by the AD transactions of an aggregator: o Imbalances for the retailers whose consumers are providing their flexibility to the aggregator. o Imbalances for the BRPs in the perimeter of which the consumers are. o Physical imbalances on the electricity system. o Imbalances for the same players at the time the energy payback possibly occurs.



Once the main relationships between the different players have been discussed and somewhat clarified, the use cases for the different AD services are described. The use case for a service Copyright ADDRESS project
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represents on a timeline all the interactions between the players involved in the provision of this service (including those involved in the technical verification), along with their internal processes. The use cases for the AD services are therefore quite an important part in the technical and commercial architectures of the ADDRESS project. In particular, four references use cases are defined taking for basis the services provided to the retailer and to the DSO, two for SRP products and two for CRP products. It appeared that, sensibly, the use cases for the retailer could be adapted with only minor changes for all deregulated players. In the same way the use cases for the DSO are very similar to those for the TSO. These 4 use cases are represented in UML diagrams. The aggregator and consumers’ flexibilities As mentioned previously, the ADDRESS aggregator is a central player in the ADDRESS architecture. The aggregator of the flexibilities provided by domestic consumers is a fairly new player in the energy business. This has led to a specific study on its roles, activities and means of relationship with other players, the results of which are presented in the Deliverable. More specifically, the following topics are described: -



The roles and main functions that an aggregator will play in the overall market framework, or more precisely from the point of view of the electricity system.



-



The relationship with the electricity system players for the provision of AD products: this topic has already been discussed above from the points of view of the characterisation of the services and products provided to the different (regulated and deregulated) players, of the implied relationships between the aggregator and these players and of the exchanges of information and signals. In this part, the following aspects are now considered: the relationship between the aggregator and the consumers, the exchanges of information with the Energy Box, the management of the energy payback effect, the monitoring/assessment of service delivery (by the aggregator to the buyer of the service) and of consumers’ response (to aggregator’s requests), the participation in organized markets.



-



The internal activities of the aggregator: which seeks to clarify the business internal organization of an aggregator, identifying the main functionalities and activities it should develop in order to carry out its functions in the system and maximise its profits, and in particular: o Building a portfolio of AD “clients” (or buyers) and AD sales opportunities o Building a portfolio of AD “providers” (or consumers) and o Operative decisions: forecasting (consumption, load flexibility, prices, …), setting up the offers, managing the orders coming from the commitments previously agreed, calculate activation signals for consumers, analyse consumers’ response, … o Risk management (market risk, credit risk, operational risk). The particular case when the aggregator is a retailer: the implications of this configuration with respect to the above issues are discussed.



-



At the end an overview of consumers’ flexibility is provided: - first from the point of view of the equipment possibly present at the consumers’ premises: electric appliances, DG, RES, storage system, etc. - then the flexibility aggregated at consumer level (at the level of the house or the building). Process for the calculation of price and volume signals A process is presented for the calculation of the price and volume signals based on an optimisation approach, which the various participants may use. As such it gives algorithms that may be Copyright ADDRESS project
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implemented in the participants’ business processes. More specifically, the general approach is first presented, along with the processes for the regulated and the deregulated players, and the rationale of the process. Then the optimisation formulations are given for both a SRP and a CRP products. Finally two examples of the application of the proposed calculation process are provided: one regarding a SRP for the Decentralized Producer and the other for a CRP for the Centralized Producer. Overall system behaviour, corresponding basic requirements and issues/barriers to be solved All the “pieces/results” previously described are then collected to provide an overall description of the ADDRESS commercial and technical architectures. They are presented in the form of a chronological process and simplified UML role models for both types of architectures. This overall description is schematically illustrated in Figure 2. Individual Internal SubProcesses



ADDRESS Active Demand Process Architecture
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ADDRESS process architecture diagram



The distinction between the “commercial” and “technical” parts is defined as follows: -



the commercial architecture (“contract negotiation” and “settlement” stages) deals with all the interactions, players structures, processes involved in the “negotiation” phase of the AD services (including the preparation of requests and offers) until the market clearance or the signature of the contracts (depending on the case). It also deals with the settlement stage after the end of the service.



-



the technical architecture (“operational” stage) deals with all the interactions, player structures, processes involved in the activation and actual delivery of the AD services, after the market clearance or the signature of the contracts until the end of the service. This also includes the management of the energy payback effect and the possibly related monitoring actions.



Figure 2 is described in detail in the Deliverable, namely both: - the internal sub-processes (top half of the architecture diagram), - the interactions between the players (bottom half of the architecture diagram) on the basis of the Copyright ADDRESS project
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two simplified UML role models. Then the commercial and technical requirements for the implementation of the architectures are presented in recapitulative tables and different ways to structure these requirements are described. These structures help to understand the relationships between the requirements, the AD services/products and the players. Finally the issues to be addressed for the implementation of ADDRESS architectures are summarized. They can be subdivided into “general prerequisites” and “problems or barriers”. “General prerequisites” are very obvious aspects that are necessary to make AD service provision feasible such as communication infrastructure, economic viability, acceptance by consumers, market access and regulatory framework. “Problems or barriers” are less obvious aspects that depend more on the specific situation and interests of the actors involved. They can have technical, economic, socio-economic and/or regulatory reasons. Since these barriers are not reflected as obviously by the ADDRESS work structure, it is particularly important to identify them and to point out potential solutions. Therefore, they have been treated in greater detail. They have been subdivided into groups, based on their nature and/or the underlying reasons: - AD acceptance by the players (not only consumers), - Regulatory issues (lack of incentives, volume threshold, obligations, etc.), - Contractual issues and pricing model - Conflicting interests of players with respect to AD services - Monitoring and/or verification of service provision by the aggregators to the buyers and by the consumers to the aggregator - Management of information (ownership, confidentiality, etc.) - Risks: uncertainty on AD availability, energy “payback” effect, network topology, etc. Conclusions and next steps The work done in WP1 is mainly conceptual work. Deliverable D1.1 gives the vision of the ADDRESS technical and commercial architectures and provides the foundations on which the other WPs are going to build/develop the ADDRESS solutions. From now on the other WPs are going to work in parallel on parts of the architectures. Therefore one of the objectives of this Deliverable is to be a reference document for these activities and be a “tool” to ensure their coherence, complementarity and completeness. However this does not mean that it will not evolve. Indeed, the future work in those WPs may reveal needs for adaptations, modifications and/or complements due for instance to technical feasibility issues, social acceptance aspects or regulatory constraints. In such a case, Deliverable D1.1 will need to be revised. As mentioned above the work on the ADDRESS technical and commercial architectures (developed conceptually in WP1) will continue now in the other WPs of the project. The activities performed in these WPs are described. In particular the next steps involve for a part the definitions of detailed specifications for the developments (carried out in these WPs) on the basis of the technical and commercial requirements defined here. Finally the next deliverable, Deliverable D1.2 – “Application of the conceptual architecture in 4 or 5 specific scenarios”, will describe: - 4 or 5 scenarios chosen to reflect different sufficiently representative European electricity system situations relevant for the ADDRESS future at the horizon of 2020 and - the application of the technical and commercial architectures to the scenarios. Copyright ADDRESS project
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1. ADDRESS objectives, concepts, architecture and introduction to Deliverable D1.1 The present report is the core document of Deliverable D1.1 of the ADDRESS European project. Before describing the contents of this deliverable and the results obtained in the project, it is useful to start with a short overview of the ADDRESS project itself. That’s why this first section will successively present: -



the ADDRESS project target and objectives,



-



its main concepts and the proposed architecture,



-



a short description of Work Package 1 (WP1) in which Deliverable D1.1 has been produced,



-



an introduction to Deliverable D1.1: its objectives and main structure (sections and appendices), along with the delineation between the two reports which compose the deliverable.



1.1. The ADDRESS project: target and objectives ADDRESS (“Active Distribution networks with full integration of Demand and distributed energy RESourceS”) is a four-year large-scale R&D European project launched in June 2008. The project coordinator is ENEL Distribuzione SpA and the consortium consists of 25 partners from 11 European countries spanning the entire electricity supply chain, qualified R&D bodies, SMEs (Small and Medium Enterprises) and manufacturers [1]. The project target and objectives are summarized in Figure 3.



ADDRESS Target Active Demand (AD): active participation of domestic and small commercial consumers in the power system markets and service provision to the power system participants AD involves all types of equipment installed at the consumers premises: electric appliances (“pure” loads), distributed generation (PV, micro-turbines, …) and thermal or electrical energy storage systems.



ADDRESS Objectives



To enable active demand



Develop technical solutions at the consumers premises and at the power system level Propose recommendations and solutions to remove the possible barriers



To exploit the benefits of active demand



Identify the potential benefits for the stakeholders



Study of accompanying measures to deal with societal, cultural, behavioural aspects



Validation in 3 complementary test sites with different demographic & generation characteristics (Spain, Italy, France)



Dedicated dissemination activities for the stakeholders



Develop appropriate markets and contractual mechanisms



Figure 3.



ADDRESS target and objectives



More specifically, the ADDRESS European project aims to deliver a comprehensive commercial and technical framework for the development of “Active Demand” in the smart grids of the future. Copyright ADDRESS project
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In ADDRESS, “Active Demand” (AD) means the active participation of domestic and small commercial consumers in the power system markets and in the provision of services to the different power system participants. Within ADDRESS, “Active Demand” involves all types of equipment that may be installed at the consumers (or prosumers) premises: electrical appliances (“pure” loads), distributed generation (such as photo-voltaic arrays or micro-turbines) and thermal or electrical energy storage systems.



The main objectives of the project are the following: -



ADDRESS will develop technical solutions both at the consumers’ premises and at the power system level to enable AD and to allow real-time response to requests from markets and/or from power system participants.



-



This implies identifying the possible barriers against AD deployment and proposing recommendations and solutions to remove these barriers.



-



Complementarily, ADDRESS will identify the possible benefits of AD for the different power system participants and will develop appropriate contractual and market mechanisms for the exploitation of these benefits.



-



In addition to technical and economic questions, ADDRESS will deal with regulatory, societal and cultural aspects and, in particular, the project will define recommendations to lower possible regulatory barriers, and will study accompanying measures in dealing with small consumers’ socio-cultural and behavioural factors.



-



The concepts and solutions will be validated in three different field test sites with different demographic and electricity supply characteristics in Spain, Italy and on a French island.



-



Finally, dedicated dissemination activities will be carried out for the different types of stakeholders.



The structure of the project in terms of Work Packages (WPs) closely follows the methodology adopted to reach these objectives. It is described in Appendix B, with a schematic representation of the work schedule and the list of the main deliverables.



1.2. ADDRESS architecture and concepts 1.2.1.



Overview of ADDRESS architecture



Figure 4 shows the ADDRESS scope along with a simplified representation of the proposed architecture. It shows the participants and the main components, and in a very simplified way how they interact, i.e. via technical and/or market channels. In the rest of the document the participants and their interactions will be detailed. This forms the conceptual architecture, see Subsection 1.4.1 for further detail on how the architecture is to be understood in the ADDRESS project. In this architecture, the aggregators are a central concept. The aggregators are the key mediators between the consumers on one side and the markets and the other power system participants on the other side, namely: -



The aggregators collect the requests and signals for AD-based services coming from the markets and the different power system participants.



-



They gather the “flexibilities” and the contributions provided by consumers to form AD-based services and they offer them to the different power system participants through various markets.



It should be emphasized that the “flexibilities and contributions of consumers are provided in the form of modifications of their consumption profile. Therefore aggregators form their AD services and offers using consumers’ “demand modifications” and not consumers’ energy profile as such. Or in
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other words, an aggregator sells a deviation from the forecasted level of demand, and not a specific level of demand. In the ADDRESS architecture, all the power system participants are considered with respect to the services provided by active demand, but particular attention is paid to the aggregator, the consumers and the Distribution System Operator (DSO), which will be the subjects of detailed studies. At the consumer level, the Energy Box is the interface between the consumer and an aggregator. It carries out the optimisation and the control of the loads and local distributed energy resources at the consumer’s premises. It “represents” the consumer from an aggregator’s perspective. The Distribution System Operators (DSOs) also play an important role because AD (as developed in the project) concerns consumers connected to distribution networks. DSOs will still have to continue to ensure secure and efficient network operation. They will do so mainly through interactions with the other power system participants and, in particular, with aggregators via markets. They will also maintain direct interactions with TSOs for this purpose. So as mentioned above, in the project, development of algorithms and prototypes will be carried out in detail for the above three power system participants. The interactions with the other power system participants will be simulated using simplified models that include sufficient detail to allow the proper validation of the solutions.



AGGREGATORS Different levels



MARKETS



DSO



AND CONTRACTS MV – LV



of optimization



transfos



and aggregation



DG & RES



ADDRESS Energy Supply



adaptation



DMS



and Retailers



provision



Traders



of services



Sub station



BRPs TSO Centralized Generation



Figure 4.



1.2.2.



ADDRESS scope and simplified representation of the architecture



ADDRESS concepts



Apart from the aggregator, the following main concepts will be developed and used in ADDRESS: -



The interaction between the power system participants will be based on the exchange of real-time price signals and volume signals (mainly power-based signals), where “real time” means here a time scale of 20 to 30 minutes ahead or longer (hour ahead, day ahead, …). These signals may
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additionally be modulated by geographical / topological information or other type of information whenever needed. Direct load control by DSO will be not considered but the limit of this will be investigated (in particular with respect to a secure grid operation). -



The “Demand” approach (in contrast with “generation” approach). Dealing with domestic and small commercial consumers needs to develop an appropriate approach: o Appropriate technologies will be developed at consumers’ premises. o The services will be “requested” through appropriate price and/or volume signal mechanisms and provided on a voluntary and contractual basis. o Accompanying measures will be studied to deal with societal and behavioural aspects.



-



Distributed intelligence and local optimisation are needed: o To deal with topologically-dependant services. o To allow the participants to optimise their real-time response according to the real-time signals. The challenge here is to put the “right amount” of intelligence at the “right place”.



1.3. Objectives of WP1 and its two deliverables The previous subsection has briefly described the proposed concepts and architecture of ADDRESS. The objectives of Work package 1 (WP1) of the project are precisely to develop: -



the project concepts, and in particular the aggregator and the mechanisms for the exchange of price and volume signals,



-



the ADDRESS technical and commercial architectures along with the corresponding functional requirements based on the project concepts,



4 or 5 scenarios chosen to reflect different sufficiently representative European electricity system situations relevant for the ADDRESS future at the horizon of 2020 The results are reported in the two deliverables of WP1, namely: the present Deliverable D1.1 entitled “Conceptual architecture including description of: participants, signals exchanged, markets and market interactions, overall expected system functional behaviour” gives the results of the first two points above. The results of the third point, along with the application of the technical and commercial architectures to the scenarios, will be reported in the next deliverable - Deliverable D1.2 – “Application of the conceptual architecture in 4 or 5 specific scenarios”.. -



In future steps (outside the scope of this document), the concepts, the technical and commercial architectures and the scenarios will be further specified, developed and then implemented in the other WPs of the project. The results will be described in other project deliverables (listed in Appendix B).



1.4. Introduction to Deliverable D1.1 1.4.1.



Objectives and main structure of the deliverable



The main objective of Deliverable D1.1 is to describe the conceptual technical and commercial architectures developed to enable AD and exploit its benefits, and more specifically: 1. the participants and other components of the architectures, 2. the services that could be provided by AD and the markets interactions, 3. the different interactions between the participants and the design of the signals exchanged between them in relation to the provision of these services, 4. the overall system behaviour both from the commercial and technical points of view and the Copyright ADDRESS project
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corresponding basic requirements for the implementation of the architectures, 5. the issues to be solved and potential barriers to be removed. Deliverable D1.1 is composed of two reports: -



the present report which is the core document of the deliverable and provides a condensed and hopefully reader-friendly description of the technical and commercial architectures developed in the ADDRESS project. It consists of 9 Sections plus Appendix A (the project glossary) and is described in more detail in the next subsection.



-



a second document containing the appendices which provides a detailed description of topics covered in the core document. The document of the appendices is composed of 9 Appendices “numbered” from B to J. It is described in more detail later.



Recalling the 5 points covered by the deliverable and listed above, -



The first 3 points, namely the participants, the services provided by AD, the interactions between the participants and the signals exchanged are covered in Sections 2 and 4 of the core document and in Appendices C, D, E and G, regarding the regulated and deregulated participants (other than the aggregator and the consumers) and their relationships with the aggregator.



-



The description of the aggregator, its interactions with the consumers and the signals exchanged are covered by Section 3 of the core document and Appendix F.



-



The last 2 points, namely the overall system behaviour, the basic requirements for the architecture implementation and the issues to be solved are covered in Section 5 of the core document and in Appendices H and I.



Both reports of Deliverable D1.1 are now further detailed in the next two subsections, along with their articulation.



1.4.2.



Deliverable D1.1: the core document



The core document of Deliverable D1.1 (= the present report) is expected to be self-sufficient and to provide a condensed description of the most important results obtained. It comprises the following sections: -



Section 1 gives an overview of the target and objectives of the ADDRESS project. It describes the architecture and main concepts of the project, the objectives of the first WP and the contents of its two deliverables. It provides an introduction of Deliverable D1.1.



-



Section 2 describes the services that could be provided by AD to the different electricity participants, along with the necessary interactions between these participants both from the technical and commercial points of view and the design of the signals exchanged.



-



Section 3 is devoted to the description of the AD aggregator, which is a central concept of the project, and of the consumers’ flexibilities.



-



Section 4 then presents the proposed process for the calculation of the service remuneration and of the price signals.



-



Section 5 collects all the “pieces” presented in the previous sections to provide an overall description of the commercial and technical architectures, along with the main issues or potential barriers to be solved. It summarizes the basic requirements for the provision of the AD services and therefore for the implementation of the developed architectures.



-



Section 6 gives the main conclusions and an overview of the next steps.



-



Sections 7, 8 and 9 give respectively the acknowledgements, the references and the revision history of the document.
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Finally, Appendix A - ADDRESS Glossary (the only appendix included in the core document) provides: - the main notations, abbreviations and acronyms used in the project, - the list of the AD services (or products) identified and studied in the project, along with the table of the regulated and deregulated players to which these services are provided, - the definitions of specific terms, expressions and concepts used in ADDRESS.



1.4.3.



Deliverable D1.1: the appendices



As mentioned previously, the appendices of Deliverable D1.1 can be found in a second document, except for the Glossary (Appendix A). This section gives the list of the appendices that can be found in the second report of Deliverable D1.1 along with a short description. The appendices provide a detailed description of topics covered in the core document but even though some repetitions are made between the sections of the core document and the appendices, the appendices are not expected to be self-sufficient. Appendix B - ADDRESS project structure and main deliverables describes: - The structure of the project and the methodology adopted to reach the objectives. - The main expected results along with the corresponding schedule. Appendix C - Active demand (AD) services for deregulated players describes: - The deregulated players along with their roles, main stakes, short term and long term needs with respect to their stakes. - The services that AD can provide to them. - The description of the corresponding use cases. Appendix D - AD services for regulated players (DSO and TSO) describes: - The regulated players needs and expectations with respect to AD. - The services that AD can provide to them. - The description of the corresponding use cases. Appendix E - Relationship between the players discusses the relationships - Between the regulated and deregulated players, and in particular between the aggregators and the DSOs and TSOs. - Between DSOs and TSOs - Between the aggregators, the retailers and the BRPs or the balancing mechanism Appendix F - The ADDRESS aggregator and consumers’ flexibility describes - The relationship between the aggregator and the consumers. - The management of the energy payback effect. - The aggregator’s strategy and operatives decisions. - Aggregator’s risk management. - Monitoring/assessment of AD product provision. - The consumers’ flexibility and capabilities for AD service provision. Appendix G – Process for the calculation of the price and volume signals exchanged between the players for AD exploitation describes the approach proposed for representing the optimisation process of the different players and the calculation of the price and volume signals that will be exchanged in relation with the AD product delivery. Appendix H - Requirements for the implementation of the technical and commercial architectures, describes: Copyright ADDRESS project
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-



The technical and commercial requirements for the provision of the AD services. How they can be grouped and further categorised to provide technical and commercial requirement-based structures.



Appendix I - Issues to be addressed for the implementation of the ADDRESS architectures, describes the issues to be solved and potential barriers to be removed that have been identified in relation with the implementation of the ADDRESS architectures. Appendix J - Relevant elements of standardisation and brief description of the UML approach: describes different elements of standardization that may be useful for the ADDRESS project such as the ETSO role model, IEC standards, the activities of associations such as ETSO, UCTE, ENTSO-E, ebIX, UN-CEFACT and gives an overview of the advantages of the UML approach.



1.4.4.



Articulation of both reports of Deliverable D1.1



Table 2 shows the relationship between the sections of the core document and the appendices of Deliverable D1.1. This table therefore summarizes the overall structure of Deliverable D1.1. Structure of Deliverable D1.1 – Sections of Core document and Appendices



Appendix C - Active demand (AD) services for deregulated players Section 2 - Description of the services provided by Active Demand



Appendix D - AD services for regulated players (DSO and TSO) Appendix E - Relationship between the players



Section 3 - The ADDRESS aggregator and consumers’ flexibility



Appendix F - The ADDRESS aggregator and consumers’ flexibility



Section 4 - Process for the calculation of price and volume signals



Appendix G – Process for the calculation of the price and volume signals exchanged between the players for AD exploitation



Section 5 – ADDRESS commercial and technical architectures
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Appendix H - Requirements for the implementation of the technical and commercial architectures Appendix I - Issues to be addressed for the implementation of the ADDRESS architectures



Appendix A – ADDRESS Glossary



Appendix B – ADDRESS project structure and main deliverables



Core document



Sections 7, 8, 9 – Acknowledgements, References, Revision history



Section 1 - ADDRESS objectives, concepts, architecture and introduction to Deliverable D1.1



Document of the appendices



Section 6 – Conclusions and next steps



Core document



Appendix J - Relevant elements of standardisation and brief description of the UML approach



Table 2.
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2. Description of the services provided by Active Demand With respect to the ADDRESS architecture, this section describes: -



The regulated and the deregulated electricity system participants taking part in the architecture (apart from the aggregator and the consumers who are considered in Section 3), along with their needs and expectations with respect to AD (Subsection 2.1 below).



-



The services and products that can be provided to them by AD within the scope of the project. In particular, emergency situations will not be studied, as well as services involving time responses not compatible with the 20 to 30 minute minimum time frame considered for the exchange of signals with the consumers. The three main AD products are defined in Subsection 2.2 and a standardized formulation of the identified AD services is given both for the regulated and deregulated players in Subsection 2.3.



-



The different interactions between the participants and the aggregators and between some participants themselves in Subsection 2.4 regarding some issues that were identified and in Section 2.5 in the form of reference use cases defined for the provision of the AD services1.



-



The design of the signals exchanged between them in relation with the provision of the services of which elements can be found in Subsections 2.2 to 2.5 in relation with the topics dealt with in the subsection.



Finally, Subsection 2.6 gives a table summarizing all the AD services that have been identified and characterized. The detailed results obtained on these topics can be found in Appendices C (for deregulated players), D (for regulated player) and E (for relationship induced by special issues identified).



2.1. Needs and expectations of the power system participants Regarding AD service provision, two main types of participants in the electricity systems may be distinguished: - regulated participants: DSOs and TSOs, - deregulated participants or participants in competition. For the latter, 9 players were identified apart from the ADDRESS consumers (=domestic and small commercial consumers) and the aggregator2. They were divided into three main categories: - Producers: central producers, decentralised electricity producers, producers with regulated tariff and obligations (reserve, volume, curtailment, etc.) - Intermediaries: retailers, production aggregators, electricity traders, electricity brokers, Balancing Responsible Parties (BRPs). - Consumers: large consumers. For the purpose of ADDRESS, in order to have a clear and more easily understandable view, we consider here “archetypal” players with clearly separated roles and functions. They are defined in the



1



The use case for a service represents on a timeline all the interactions between the players involved in the provision of this service (including those involved in the technical verification), along with their internal processes. 2 The ADDRESS consumers and aggregator are considered in Section 3 and Appendix F. Copyright ADDRESS project
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Glossary (Appendix A). However, in “real” life, a given company may have several of the roles as defined in this section.



2.1.1.



Needs and expectations of the deregulated players



The needs and expectations of the deregulated players with respect to active demand were analysed on the basis of their functions and stakes. More specifically, for each of these players, the following aspects were analysed: - Role of the player and main functions in the system. - Main stakes and contextual constraints. - Short-term needs and long-term needs generated by the stakes. - How AD can meet these needs. - Possible services provided by AD and basic requirements. As an example, Table 3 summarizes the results obtained for the retailer. The results of this analysis for all the other deregulated players are given in Appendix C.



Table 3.



Summary of the results obtained for the retailer



Player role



“Retailer”



Principal function(s) in the system



To purchase electricity on the wholesale market To supply electricity to its customers



Contextual constraints



To meet the declared consumption programme. To respect supply contracts with its customers.



Main Stake



To maximise its profits under constraint of risk management



Short-term needs generated by the stakes



Forecasting and setting of the sales conditions and prices. Forecasting and negotiation of the purchasing conditions and costs. Maximising the margin between purchases and sales.



Long-term needs generated by the stakes



Structuring strategically its portfolio of consumers and wholesale suppliers



Can AD meet any of these needs, and how?



-



-



To minimise consumption when the margin is negative and maximise consumption when margin is positive requires a modification in power consumption on a given time span at a given time To minimise deviations from the declared consumption programmes and from the contracted purchase volumes requires a modification in power consumption at very short term (intra-day) Month(s) ahead: to help structure long-term purchasing contracts so as to maximise margin requires a recurring periodic modification in power consumption for a given time span over a given period (seasonal)



Summary of expectations To optimise short term purchases and sales with respect to Active To minimise short term risks by an Active Demand reserve for activation Demand during high imbalance situations To facilitate structuring long-term purchasing contracts Copyright ADDRESS project
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Table 4 reports the main expectations of the deregulated players that can be satisfied by AD services, which will be discussed in this deliverable.



Table 4.



Summary of the expectations of the deregulated players with respect to AD



Players



Expectations



Retailer (RET)



To minimise consumption when the margin is negative and maximise consumption when margin is positive requires a modification in power consumption on a given time span at a given time To minimise deviations from the declared consumption programmes and from the contracted purchase volumes requires a modification in power consumption at very short term (intra-day) Month(s) ahead: to help structure long-term purchasing contracts so as to maximise margin requires a recurring periodic modification in power consumption for a given time span over a given period (seasonal)



Decentralised electricity Producer (DP)



Reduce imbalance costs term (intra-day).



requires a modification in power consumption at short



Optimise the profits generated by commercial activity by buying AD flexibility as a function of the market prices requires a modification in power consumption at short term (intra-day). Provide more flexibility for participating in frequency control services requires a modification in power consumption available at very short notice (a few minutes).



Centralised Producer (CP)



Provide CP more flexibility for participating in frequency control services requires a modification in power consumption available at very short notice (a few minutes) Optimise the profits generated by commercial activity by buying AD flexibility as a function of the market prices requires a modification in power consumption at short term (intra-day).



Producer with Regulated Tariffs (PwRT)



Reduce imbalance costs term (intra -day).



requires a modification in power consumption at short



Optimise the profits generated by commercial activity by buying AD flexibility as a function of the market prices requires a modification in power consumption at short term (intra -day). Provide more flexibility for participation in frequency control services requires a modification in power consumption available at very short notice (a few minutes). Reduce the investment costs of future generation facilities requires a modification in power consumption available at long term (a few months or years) Avoiding loss of excess generation in valley hours requires a modification in power consumption available at medium term (day(s) ahead)



Reduce imbalance costs Production Aggregator (PA) term (intra -day).



requires a modification in power consumption at short



Optimise the profits generated by commercial activity by buying AD flexibility as a function of the market prices requires a modification in power consumption at short term (intra -day). Copyright ADDRESS project
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Provide more flexibility for participating in frequency control services requires a modification in power consumption available at very short notice (a few minutes). Electricity Trader



Optimise short-term purchases and sales by trading AD flexibility as a function of the market prices and to reduce market volatility and risk requires a modification in power consumption at short term (intra-day).



Electricity Broker



Extend the range of products proposed to market participants modification in power consumption at different notices.



Balancing Responsible Party (BRP)



Assist in meeting balancing functions consumption at short term (intra -day).



Large consumer (LC)



Minimise purchases when prices are high



2.1.2.



requires



requires a modification in power



Needs and expectations of the regulated players (DSOs and TSOs)



Active Demand may provide solutions to certain needs of DSOs and TSOs. Main cases are listed in Table 5 which gives the expectations of DSOs and TSOs with respect to AD. These expectations are discussed in detail in Appendix D.



Table 5.



Summary of DSOs and TSOs expectations with respect to AD3



#



Expectation



DSO



TSO



1



Power flow control/Network congestion solution



X



X



2



Network restoration/Black start



X



X



3



Frequency control/Power reserve



X



X



4



Voltage control and Reactive power compensation



X



5



Islanded operation/micro-grids



X



X



6



Reduction of system losses



X



X



7



Optimised development and usage of the network



X



However, it should be mentioned some of the above expectations or some aspects of them are outside of the ADDRESS scope, namely: - Expectation 5 “islanded operation/micro-grids”. - Aspects of other expectations which require a fast response, or imply use of AD in emergency or special operating conditions (situations that will not be studied in ADDRESS). The above expectations can be further compacted into three main types of AD services (see Table 6) that can meet them: - Voltage regulation and power flow control



3



Examples of already existing Demand Response programmes carried out to meet expectations of TSOs and DSO can be found for instance in [2], [3], [4].
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-



Tertiary active power control Smart load reduction



Each of them requires a modification of the consumption (or production) in reaction to DSO/TSO requests with a response time depending on the service provided.



Table 6.



The three main types of AD services for DSOs and TSOs Type of AD service



Expectation Power flow control/Network congestion solution



Voltage Regulation and Power Flow Control



Tertiary Active Power Control



X



Smart Load Reduction



X X



Frequency control/Power reserve



X



Network restoration/Black start Voltage control and Reactive power compensation



X



Reduction of system losses



X



X



Optimized development and usage of the network



X



X



In Table 6, -



Voltage regulation and power flow control: system operators (DSO and TSO) can resort to AD services to carry out voltage regulation and power flow control. They can accomplish these functions by foreseeing production/consumption plans for a target period and rearranging them if they do not comply with network constraints. They also have the possibility of requesting a production/consumption modification during the target period, to be used as back up.



-



Tertiary Active Power Control: tertiary reserves (for frequency control) are used as non-automatic action to restore adequate control margins, i.e. when generators work close to the upper or the lower bound of their regulating capabilities. Frequency control is under the responsibility of TSOs. However with the development of distributed generation on distribution networks and the evolution towards active distribution networks, DSOs may be involved, directly or indirectly, in the provision of the services for this control.



-



Smart load reduction: both TSO and DSO might need some form of load reduction in a certain area of their networks when, due to maintenance issues or following network failure, a load reduction is needed (here, emergency control of loads is not considered). Nowadays if such a problem occurs, entire feeders are disconnected. AD could contribute to smarter load reduction carried out by aggregators selling these services to TSOs and DSOs.



These main types of AD services are discussed in detail in Appendix D and basic requirements are derived for each of them. A good coordination will generally be needed between TSOs and DSOs. This issue is discussed in Section 2.4.
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2.2. The ADDRESS services and products This first exercise on the needs and expectations of the electricity system players with respect to AD led to the identification of a large number of different AD services, and more specifically: -



24 different AD services for the 9 deregulated players,



-



7 different AD services for the above 3 categories of services provided to DSOs and TSOs.



Therefore before going further in the description of these services, it appeared necessary to define standardized AD products and appropriate templates in order to formulate the identified services. The outcome of a thorough reflection on those services has been the identification of three basic ADbased products, which are defined in detail in Section 2.2.1. For all three of them, it is possible also to define what we shall call a “product atom” which represents the smallest volume, the shortest delivery duration and the simplest delivery shape to be deemed tradable by an aggregator. Given any atomic product definition, it is therefore straightforward to build any “composite product” with any desirable duration, volume and shape by combining individual atoms. Albeit academic in nature, these product atoms offer practical advantages for standardising services and henceforth favour the emergence of efficient product and service markets (bilateral as well as centralised). Moreover, the reflection on the ADDRESS services has resulted in a grouping methodology for the deregulated and regulated industry players. It appears that players with similar stakes in a given timeframe require access to the same type of flexibility (i.e. the same product). We note as well that since the electricity markets in all EU member states are not exactly the same, the conditions for implementing AD-based services may be different, at least under present circumstances. Although the service characteristics and their corresponding use cases have been carefully compiled and documented and consequently should be valid for most countries, there may be markets where certain alterations may become necessary to take into account their specific requirements. Nonetheless, here it is not possible to cover all market conditions and service variations. In addition, the markets necessary for the trade of the products we define next are yet to be formally designed and implemented. The first goal here is simply to illustrate how the technical constraints and the needs of the industry for active demand should shape AD products. Secondly, we aim at establishing systematic standards for AD products and its related taxonomy.



2.2.1.



Product definitions



First, we need to define what an AD product and an AD service are. -



An AD product (or product for short) is what an aggregator provides (sells) to the players and which the players use to create the services. It is a specific “power against time” demand response shape to be provided by an aggregator during a specific time period. In the case of AD and ADDRESS, we are talking about changing the consumption pattern of groups of consumers, in other words “re-profiling” the demand, via the diffusion of appropriate price and volume signals broadcast by aggregators.



-



AD products become AD services (or services for short) when they are acquired and used by players. It is a specific instance of the use of basic Active Demand products. The terminology here is such that the services actually refer to the fulfilment of specific needs of the players.



This differentiation stems from the fact that some identical AD product can have different applications (i.e. provide different services) when used by different players. This could even be argued further by seeing that a given product may have a different application when used by one player depending on the prevailing circumstances. Copyright ADDRESS project
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Second, we identify the primary characteristics of AD products: -



The conditional or unconditional delivery of the specified product power shape: o



Conditional delivery: the power delivery associated with the product has to be “triggered” by the buyer. The buyer has the option to call for a pre-agreed power volume to be delivered by the aggregator.



o



Unconditional delivery: the buyer does not need to do anything. The aggregator has an obligation to deliver the specified power shape during the specified delivery period; this means that the product delivery is effectively “scheduled”.



-



The allowance for delivery within a range of power or the delivery of a specific amount is another differentiator.



-



Lastly, bidirectional (i.e. allowing for both demand reduction and demand increase) or a unidirectional (i.e. allowing only for demand reduction or demand increase) delivery volume range for the specified power shape in the case of conditional delivery products. One could argue that a bidirectional flexibility product is simply the combination of two unidirectional ones with their appropriate calling conditions. However, in order to reduce transaction costs, it may be more reasonable and practical to allow for bidirectional conditional products. In the end, the markets should decide of the fate of such products.



Keeping these characteristics in mind, the three basic AD-based products defined in ADDRESS are: - Scheduled Re-Profiling (SRP); - Conditional Re-Profiling (CRP); - Bi-directional Conditional Re-Profiling (CRP-2). They are presented in Table 7 differentiated along the above characteristics. Table 7. AD Product



AD products and their main characteristics



Conditionality



Typical example



Scheduled reprofiling (SRP)



Unconditional (obligation)



The aggregator has the obligation to provide a specified demand modification (reduction or increase) at a given time to the product buyer.



Conditional reprofiling (CRP)



Conditional (real option)



The aggregator must have the capacity to provide a specified demand modification during a given period. The delivery is called upon by the buyer (similar to a reserve service).



Conditional (real option)



The aggregator must have the capacity to provide a specified demand modification during a given period in a bi-directional range [ -y, x ] MW, including both demand increase and decrease. The delivery is called upon by the buyer of the AD product (similar to a reserve service).



Bi-directional conditional reprofiling (CRP-2)



The SRP and CRP products imply single specific unidirectional volume (which could possibly be a volume range). CRP-2 is bi-directional but it can be obtained from the combination of two CRPs as noted above. It can therefore be considered as a variant of the previous one, leading then to two basic AD products. These define the most basic (conceptual) characteristics of the AD products. However, the products need to be further specified with respect to parameters which specify the demand response process associated with the product. This is done in the product description template below. However before proceeding to the definition of product templates, another characteristic or consequence of AD product should be discussed: the energy payback effect (also sometimes called
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the rebound effect). Indeed, a demand modification (for instance a load reduction) requested by an aggregator can be followed once the “control action” is over by an opposite modification (e.g. a load increase) implying a power volume and a time duration which may be quite different from the volume and duration of the first (controlled) modification. This payback effect may have adverse consequences on the electricity system (the grids) and the players both from the technical and economic points of view if it is not managed in the AD service itself. The consequences of the energy payback effect are further discussed in Section 3 along with possible solutions to manage it. Examples of payback effect can be found for instance in [5], [6], [7]. In particular, Reference [5] compares the typical daily curve of water heaters without any control action with the typical daily curve obtained for water heaters cut off for 4 hours during the evening peak: the power increases drastically once the control action is over and creates a peak equal to more than 3 times the peak that was shaved. This is illustrated schematically on Figure 5. It should be noted that depending on the type of equipment and the habits of the consumer, the payback effect may appear directly after the end of the control action or much later, for instance it may occur several hours later. Conversely, the energy payback may also appear before the demand modification, for example when charging chemical or thermal storage. In order to manage the payback effect requirements may be specified in the AD products itself or the request for an AD product. This is discussed in the next subsection. Solutions to manage the payback effect are further discussed in Section 3 and will be studied and implemented later in WP2 which with the strategies, activities and algorithms of the aggregator.



Power (kW)



3.0 Daily curve without any control action



Energy payback



2.5



2.0



1.5



1.0



0.5



0



12



24 Time (hours)



Figure 5.



2.2.2.



Simplified representation of payback effect for controlled water heaters based on [5]



Product description template



The product template is the basic format of a product description. It lists the minimal/basic set of parameters necessary to specify any given product (either atomic or composite). It is given in Table 8 and needs to be read in conjunction with Figure 6, which illustrates the product delivery process. Copyright ADDRESS project
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dep Rlim



end Rlim



po Vser



Tact



Vpbtol



Tdur



Tser



Figure 6.



Table 8.



AD product standardised delivery process



AD product/service description template



Name of service



Name of the service associated with the product along with the corresponding denomination of the product (SRP, CRP, CRP-2)



Service requester



A deregulated or a regulated player



Service supplier



An aggregator



Service ID



Service acronym or abbreviation



Other players involved



List of other players who may be involved in the provision of the service (e.g. the consumers, the DSO and TSO for technical verification, …)



Service negotiation gate closure



SRP, CRP & CRP-2 Lead time before the product is delivered (min/hr/day/mon/yr)



Availability interval



SRP only - Deployment duration associated with the product power shape, Tdur (min/hr/day/mon/yr). CRP & CRP-2 only - Time interval over which the conditional power delivery associated with the product may be called upon, Tser (min/hr/day/mon/yr)4



Minimum volume



Minimum volume in MW: this value may be specified by the buyer because of its own constraints or corresponding to external constraints (e.g. regulatory or market access thresholds). NB: this minimum volume is not represented in the Figure 6.



Requested/supplied power or power curve shape (MW over time)



SRP, CRP & CRP-2 -



Product volume or volume range,



po (MW). Note that the sign Vser



associated with the service volume is not restricted to be positive or negative (and may be bidirectional for the CRP-2). -



dep



end



Deployment and ending ramping limitation range, Rlim , Rlim



(MW/minute). These are limitations on how fast/slow product power 4



Note that Tser is not defined for the SRP.
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-



-



deliveries can be started and ended. Shape of the product delivery envelope (minimum and maximum, MW). This is to provide upper and lower bounds on the product delivery (i.e. a tolerance between the expected product and the product actually delivered). Tolerance (i.e. partial or total compensation of energy payback) on the amount of energy payback the delivery power of the product tol



may generate, Vpb (MW).5 CRP & CRP-2 only -



Activation time, Tact (hours, minutes).This is the time between activation by the buyer power delivery call and the effective delivery by the aggregator.



-



Deployment duration, Tdur (hours, minutes). This is the amount of



-



time a conditional power delivery which has been called upon needs to be deployed. More elaborated service delivery shapes are obtained by superimposing delayed and scaled versions of the basic service shape (cf. atomic vs. composite).



Price structure (€, €/MW, €/MWh)



SRP - Deployment energy price (€/MWh). This is the price to be paid by the buyer to the provider of the product for the associated power delivery. CRP & CRP-2 only, two types of remuneration: - Deployment energy price (€/MWh). Like for SRP, this is the price to be paid by the buyer to the provider of the product for the associated power delivery. A payment is generated only if the product is called upon. - Standing/option fee (€, €/MW). These are to be paid on the basis that the delivery of the product is callable by the buyer at any time during the product availability interval. This may be a fixed price/fee or may be proportional on the amount of capacity (MW) made available by the aggegator.



Locational information (connection node, substation (TSO level),etc)



Information about where the product is delivered in the network and possibly where it is used.



Other conditions



Product-specific items that need to be specified by the contracting parties.



2.2.3.



Locational information for AD service provision



It is necessary to have information structured in an appropriate way about the location of the AD service or more precisely the location in the network of the consumers who will contribute to the provision of an AD product through the flexibility of their loads. This is necessary: 5



We note that the energy payback tolerance could be an extension of the service delivery envelope. Moreover, if energy payback is explicitly considered in the product delivery, it may happen prior to the “main” product delivery (e.g. by charging thermal or chemical storage) as well as partly before and partly after.
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-



not only for the provision of topology-dependent services: for instance, in case of a local service on the grid, only the consumers in the area of concern can contribute to the service. So they should be clearly identified in the aggregator databases and in the requests sent to it;



-



but also for the verification of technical feasibility that will be carried out by the DSO and/or TSO. This technical verification is discussed in Section 2.4.2.



At present, no unique way of defining and structuring the exchanges of locational information about AD services has been adopted. Different possibilities have been thought of and are presented below and discussed in more detail in Appendix E. The choice of one or another possibility depends on the country, its network structure, the tools and data management systems of the DSO/TSO. This topic will be further studied in the project, in WP3 which deals with developments for the DSO and TSO and the grid operation. Locational information at distribution level For the reasons explained above, there must be a way that an aggregator knows the link between each of the consumers in its portfolio and the area of the distribution network to which they belong. The position level in the distribution network tree will need to be a compromise between too detailed information which may be difficult to understand and to use for the aggregator and useful information for the DSO operation purposes. The DSO knows to which network node each of the consumers in its area is connected, so it should be responsible for providing locational information to the aggregator. In addition, this information can change over time even if frequent changes are not usual. So when the DSO updates network topology information, aggregators should be notified automatically or by other means of such changes. The following possibilities may be thought of for sharing consumers location information. 1) An approach could be to link the customers to the transformer to which they are connected. The transformer is hardly changed and it is directly linked with a distribution level in a radial network. 2) A similar approach is to use a code for each consumer. This way the DSO could send to the aggregator the list of consumers along with their code. In this case the aggregator does not need to be notified about changes in topology since it will be the work of the DSO to map network areas to consumer identifiers. 3) Another possibility could be to link the consumer to some kind of geographical information. In this case the geographical information should be more specific since distribution network nodes cover smaller geographical areas. Information such as neighbourhoods or even street related data could be enough for this purpose. 4) Finally, a fourth possibility is to divide each LV line into different Load Areas composed of several consumers whose loads are equivalent from the electrical point of view. A Load Area may be extended to a LV feeder or to a MV/LV substation as a whole in case of fragmentation in smaller areas brings no benefits. The same approach applies on the MV network, which, similarly to LV network, could be divided into several Load Areas grouping MV consumers. In such a case, if fragmentation brings no benefits to AD services exploitation, Load Area may be designed to encompass entire MV feeders or MV/LV substations. Aggregators, in turn, group customers in their portfolio according to the Load Areas settled by DSO and are notified at any update. Any consumer may be unambiguously identified within the belonging load area by means of an unchangeable unique key (e.g. the point of delivery ID).
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Locational information at transmission level The following alternatives for providing locational information from the TSO perspective are briefly described below: 1) One possibility could be to associate each consumer with a “transmission network node identifier” that identifies unambiguously the transmission node at which the consumer is connected. This information could be published by the DSOs and updated according to changes in network topology. 2) As an extension of 4th approach at the distribution level above, it can be envisaged that DSOs collect Load Areas into Macro (greater) Load Areas, tailored according to TSOs point of view (e.g. a HV/MV substation as a whole). Macro Load Areas must be communicated to the TSO and updated on every change. The group of Load Areas forming each Macro Load Area must be communicated to the Aggregators and updated on every change. Thereby, with this approach, TSOs and aggregators can communicate using Macro Load Areas. 3) Like for method 3 at the distribution level above, another possibility could be to assign each consumer to a well-defined geographical area, such as a postal code, city or administrative region. In this case the aggregator does not need any supplementary information since it knows beforehand the geographical region to which each of its consumers belongs to. This is simpler in the sense that there is no need for updating the information. The work of mapping geographical areas to network nodes where the AD service is required or provided could be carried out by the TSO that would need information from the DSO regarding how the geographical areas are connected to transmission network nodes. However this 3rd possibility is also more inaccurate than the above mentioned ones.



2.3. Standardized formulation of the AD services Using the AD products, product/service template and standardized delivery process defined above, it is now possible to re-formulate all the identified AD services in a standard way. The results of this reformulation are given in detail in Appendices C and D respectively for the deregulated and regulated players. The complete lists (for deregulated and regulated players) are given in this section, along with 4 examples which were used in some way as references (in particular to describe the use cases – see Section 0, as well as Appendices C and D).



2.3.1.



AD services for deregulated players



The list of the 24 AD services for deregulated players is given in Table 9. Each of these services is described in detail in Appendix C.



Table 9. Player Retailer



List of AD services for deregulated players Principal services



Type of AD Product



Short-term load shaping in order to optimise purchases and sales



SRP



Management of energy imbalance in order to minimise deviations from the declared consumption programme and reduce imbalance costs



SRP



Reserve capacity to manage short-term risks (for example to mitigate the effect of large wholesale prices in periods of high demand)



CRP
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Centralised producer



Short-term optimisation through load shaping in order to optimise the operation of its generation portfolio. This may involve attempting to avoid forced generating unit shutdowns in valley periods or avoiding having to turn on expensive and dirty peaking units in high demand periods.



SRP



Management of energy imbalance in order to reduce imbalance costs



SRP



Tertiary reserve provision in order to meet obligation of tertiary reserve provision contracted with the TSO



CRP



Decentralised Short-term management of energy imbalance in order to minimise electricity deviations from declared production programme in case of low producer uncertainty or Production aggregator



Producers with regulated tariffs



SRP



Load shaping in order to optimise its economic profits



SRP



Tertiary reserve provision in order to meet contracted tertiary reserve programme



SRP



Reserve capacity for short-term management of energy imbalance in order to minimise deviations from declared production programme in case of high uncertainty



CRP-2



Reserve capacity for short-term management of energy imbalance but the DP (or PA) knows the direction of the imbalance probably because the time to the forecasted imbalance is shorter (case of medium uncertainty)



CRP



Reserve capacity to manage provision of contracted tertiary reserve in case of medium uncertainty



CRP



Reserve capacity to manage provision of contracted tertiary reserve in case of high uncertainty



CRP-2



Short-term local load increase in order to compensate the effect of network evacuation limitations and to be able to produce more.



SRP



Short-term load increase in order to avoid being cut-off (for example in valley hours)



SRP



Local load increase reserve in order to compensate the effect of CRP network evacuation limitations and to be able to produce more or to invest more in generation capacity Load increase reserve in order to avoid being partially cut off, or even to be authorized to invest more.



CRP



Reserve capacity to manage energy imbalance in order to minimise CRP-2 deviations from the production program previously declared and reduce the imbalance costs. Traders and brokers



Balancing Responsible Parties



Short-term optimisation of purchases and sales by load shaping



SRP



Short-term optimisation of purchases and sales through reserve capacity



CRP



Management of energy imbalance in case of low uncertainty



SRP



Management of energy imbalance in case of medium uncertainty



CRP



Management of energy imbalance in case of high uncertainty



CRP-2
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Large consumers



Minimisation of energy procurement costs



SRP



Two examples of such AD services are now given for the retailer: one for a SRP and another one for the CRP. These examples are the ones that will be used later to define the reference use cases for all the deregulated players that will be presented in Subsection 2.5. The retailer’s main stake is to maximise its margins between the energy bought in the wholesale markets and that same energy resold to its end consumers. The retailer may use AD products to take advantage of arbitrage opportunities in the wholesale markets by shaping its consumer demand appropriately. Likewise, it can use AD to manage its imbalances which may arise from its own prediction errors. Finally, it can use AD to act as reserve capacity in the event of unforeseen events which see prices on wholesale markets increase tremendously. SRP service: Short-term load shaping in order to optimise purchases and sales Given the conditions on the wholesale market and in its own retail activities, the retailer is looking to optimally match its demand to those conditions. This may mean selling back or buying electricity on the wholesale markets. To do so, the retailer attempts to use AD to allow it to execute those commercial transactions without the risk of becoming out of balance. Name of service



Short-term load shaping to optimise purchases and sales (uses SRP)



Service requester



Retailer



Service supplier



Aggregator



Service ID



SRP-SOPS-RET



Other players involved



Consumers, markets, DSO and TSO (for technical verification – see Section 2.4.2).



Service negotiation gate closure



Few hours or one day before the delivery



Availability interval



Few hours, probably on peak



Minimum volume



N/A



Requested/supplied power or power curve shape (MW over time)



-



Product volume: Power in MW to be delivered by the aggregator. It depends on the price of purchase of wholesale energy and it depends also on the volume of energy bought by the retailer in the short term



-



Activation time, Tact : Not applicable.



-



Product deployment duration, Tdur : Few hours when the price of AD energy is lower than that of wholesale energy.



-



dep



end



Deployment and ending ramping limitation range, Rlim , Rlim po



(MW/minute): no specific requirement. The Vser must be provided at Copyright ADDRESS project
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Price structure (€, €/MW, €/MWh)



Service standing/option fee (€, €/MW): Not applicable. Deployment energy price (€/MWh): competitive with the electricity market price at this time.



Locational information (connexion node, substation (TSO level),etc)



The aggregator must inform the locations of Active Demand to DSO and TSO.



CRP Service: Reserve capacity to manage short-term risks From experience, the retailer knows that during some periods of the year, it is valuable to have some “slack” available to mitigate the occurrence of adverse events, mostly large wholesale price spikes in period of high demand. In the case of the retailer, this slack could some reserve capacity provided by active demand in the form of a CRP. This capacity is deployable by the retailer under certain conditions agreed by the retailer and the counterparty aggregator. Name of service



Reserve capacity to manage short-term risks (uses CRP)



Service requester



Retailer



Service supplier



Aggregator



Service ID



CRP-SR-RET



Other players involved



Consumers, markets, DSO and TSO (for technical verification – see Section 2.4.2).



Service negotiation gate closure



A few months before the service can be made available.



Availability interval



During a peak predefined period (for example winter) but with a number of activations in the year limited for instance to 3 or 4 times.



Minimum volume



N/A



Requested/supplied power or power curve shape (MW over time)



-



Product volume: Power capacity in MW to be delivered by the aggregator. It depends on the risk management of the retailer



-



Activation time, Tact : Maybe one day before



-



Product deployment duration, Tdur : a few hours.



-



Deployment and ending ramping limitation range, Rlim , Rlim



-



dep



end



(MW/minute): no specific requirement. Tolerance gap between schedule and delivery (minimum and maximum, MW): as per contract. Specification on limits for energy payback.



Price structure (€, €/MW, €/MWh)



Service standing/option fee (€, €/MW): The retailer pays the aggregator a standing fee in €/MW for having the reserve capacity on its behalf. Deployment energy price (€/MWh): a high price but lower than the highest peak wholesale prices already seen before or forecasted.



Locational information (connexion node, substation (TSO level), etc)



The aggregator must inform the TSO and the DSO when the requirement of energy is activated by the retailer.
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As mentioned earlier, the use cases for the above two examples are described in Section 2.5. and are used as reference use cases for all the other deregulated players. A use case for a service represents on a timeline all the interactions between the players involved in the provision of this service (including those involved in the technical verification carried out by the system operators), along with their internal processes.



2.3.2.



AD services for regulated players



The list of the seven AD services and corresponding products for the regulated players is given in Table 10. Each of these services is described in detail in Appendix D. Table 10. List of AD services for regulated players (DSO, TSO) Player DSO



TSO



X



X



X



X X X



X



X



X



X



X



X



Service type



Voltage regulation and power flow control



Tertiary Active Power Control



Smart Load Reduction



AD Service



Type of AD Product



Scheduled Re-Profiling for Voltage Regulation and Power Flow Control (slow) - SRP-VRPF-SL



SRP



Conditional Re-Profiling for Voltage Regulation and Power Flow control (fast) - CRP-VRPF-FT



CRP



Bi-directional Conditional Re-Profiling for Tertiary Reserve (fast) - CRP-2-TR-FT



CRP-2



Bi-directional Conditional Re-Profiling for Tertiary Reserve (slow) - CRP-2-TR-SL



CRP-2



Scheduled Re-Profiling Load Reduction (slow) SRP-LR-SL



SRP



Scheduled Re-Profiling Load Reduction (fast) SRP-LR-FT



SRP



Conditional Re-Profiling Load Reduction (fast) CRP-LR-FT



CRP



NB: the three types of services (Voltage Regulation and Power Flow Control, Tertiary Active Power Control and Smart Load Reduction) have been described in Subsection 2.1.2. Two examples of such AD services are now given for the Voltage Regulation and Power Flow control (VRPF) type of service: one for a SRP and another one for the CRP. These examples are the ones that will be used later to define the reference use cases for all AD services to the regulated players that will be presented in Subsection 2.5. Network operators (DSO and TSO) can resort to AD products to carry out voltage regulation and power flow control. They can accomplish these functions by foreseeing production/consumption plans for a target period and rearranging them if they do not comply with network constraints. They also acquire the possibility of requesting a production/consumption re-profiling during the target period, to be used as back up. Scheduled Re-profiling for Voltage Regulation and Power Flow control – Slow (SRP-VRPF-SL) The DSO or TSO checks the production/consumption plans for a certain period (day, week, month, Copyright ADDRESS project
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longer) verifying the compliance with network security constraints. If violations are deemed to occur (e.g. the voltage in some points of the network or the power flows in some lines exceed the limits) the plan is rearranged until it complies with the network operational limits. For the rearrangement, an SRP AD product can be used: aggregators then have an obligation to deliver the specified power reprofiling shape during the specified delivery period. This service will be procured with day-ahead timings or longer. This strategy may be utilized to support the long term infrastructure investment plans of the DSO or TSO. Name of service



Scheduled re-profiling for voltage regulation and power flow control (slow) – (uses SRP)



Requester



DSO or TSO



Supplier



Aggregator



Service ID



SRP-VRPF-SL



Other actors involved



Consumers, Markets, TSO or DSO (for technical verification and/or coordination – see Section 2.4.1)



Service negotiation gate closure



Lead time before the product is delivered: Hour(s) before the delivery, or longer.



Availability interval



Time interval over which the service may be activated Tser : N/A (as this is a SRP service)



Minimum volume



Minimum volume: DSO or TSO may specify the minimum volume of to be associated with the service for it to be useful



Requested/supplied power or power curve shape (MW/MVAr over time) -



po



aggregator, Vser



Activation time, Tact: N/A. (as it is a SRP service).



-



Service deployment duration, Tdur: Hours or all day long, depending on the foreseen duration of network constraint violation.



-



dep end , Rlim (MW Deployment ramping and ending limitation range, Rlim



-



Price structure (€, €/MW, €/MWh)



Service volume: power (MW and/or MVAr) to be delivered by



and or MVAr/minute): DSO or TSO specifies on a case-by-case basis the deployment and ending ramping limitation range (MW/min) by means of Distribution Management system (DMS) or Energy Management Systems (EMS) tools (state estimation, dynamic simulations, etc.). For instance, the ramp should be smooth enough to limit voltage transients. Shape of the service delivery envelope (minimum and maximum, MW and/or MVAr): DSO or TSO specifies upper and lower bounds on the service case by case through DMS or EMS tools (state estimation, load flow simulations, etc.). For example, upper and lower limit are determined by network operation constraints such as capacity of lines, voltage profiles.



Deployment energy price (€/MWh, €/MVArh). Price to be paid to the provider by the buyer of the product for the associated power delivery; it is determined by market and contracts.



Locational information DSO: Load area (section of low voltage line, low voltage line, MV/LV (connection node, substation, …). Each area is composed of several customers whose substation (TSO level),etc) loads are equivalent from the electrical point of view; the belonging Area
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must be communicated to the aggregators6 and updated on every change. TSO: Aggregation of load areas (macro load area – TSO-zone) Other conditions



Charge/penalty for non-delivery.



Conditional Re-profiling for Voltage Regulation and Power Flow control – Fast (CRP-VRPF-FT) The actual daily production/consumption profile poses different problems; due to forecast errors, power imbalance or participants’ non-compliant behaviour with their commitments, some constraints could be violated. In this case, the DSO or TSO must correct the situation, possibly by activating conditional AD products. This can be seen as a CRP AD product, as the power delivery has to be “triggered” by the DSO or TSO. The buyer has the option to call for the re-profiling to be delivered by aggregators; standing/option fee in the price structure has to be envisaged. This service will be procured with hour-ahead timings or longer, and activated in real time. Name of service



Conditional re-profiling for voltage regulation and power flow control (fast) - (uses CRP)



Requester



DSO or TSO



Supplier



Aggregator



Service ID



CRP-VRPF-FT



Other actors involved



Consumers, Markets, TSO or DSO (for technical verification and/or coordination – see Section 2.4.1)



Service negotiation gate closure



Lead time before the product can be activated: Hour(s) before the delivery, or longer.



Availability interval



Time interval over which the service may be activated, Tser : Hours or all day long



Minimum volume



Minimum volume: DSO or TSO may specify the minimum volume of to be associated with the service for it to be useful



Requested/supplied power or power curve shape (MW/MVAr over time) -



Service volume: power (MW and/or MVAr) to be delivered by po



aggregator, Vser



Activation time, Tact: 15-20 minutes



-



Service deployment duration, Tdur: To be qualified, AD has to be capable of granting a minimum duration (to be defined). Actual deployment duration is decided by DSO or TSO, either when the service is activated or with further orders during the deployment. It could be required to be equal to the settlement period (e.g. 15 min) or its multiples.



-



dep end , Rlim Deployment ramping and ending limitation range, Rlim



(MW and or MVAr/minute): DSO or TSO specifies on a case-bycase basis the deployment and ending ramping limitation range (MW/min) by means of DMS or EMS tools (state estimation, dynamic simulations, etc.). For instance, the ramp should be smooth enough to limit voltage transients.



6



The belonging Area could be also communicated to each consumer, depending on local regulations.
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-



Price structure (€, €/MW, €/MWh)



Shape of the service delivery envelope (minimum and maximum, MW and/or MVAr): DSO or TSO specifies upper and lower bounds on the service case by case through DMS or EMS tools (state estimation, load flow simulations, etc.). For example, upper and lower limit are determined by network operation constraints such as capacity of lines, voltage profiles.



Standing fee (€) or Availability payment (€/MW), to be paid to the aggregator for making available callable re-profiling Deployment energy price (€/MWh, €/MVArh). This is the price to be paid the provider by the buyer of the product for the associated energy delivery; it is determined by market and contracts.



Locational information DSO: Load area (section of low voltage line, low voltage line, MV/LV (connection node, substation, …). Each area is composed of several customers whose substation (TSO level),etc) loads are equivalent from the electrical point of view; the belonging Area must be communicated to the aggregators7 and updated on every change. TSO: Aggregation of load areas (macro load area – TSO-zone) Other conditions



The following conditions could be in force: - Maximum number and frequency of calls across the availability interval, and/or over a longer interval. - Minimum time before the next call can be issued. - Charge/penalty for non-delivery.



The use cases for the above two examples in case the service is provided to the DSO are described in Section 2.5.2 and are used to some extent as reference use cases for the regulated players.



2.4. Relationships between the players In order to describe the use cases for the AD services and further the ADDRESS technical and commercial architectures, it is necessary to examine in detail all the relationships between the different kinds of players which will be implied by AD. This is the objective of this section which will consider successively: - the relationships between the regulated players - the relationships between regulated and deregulated players - the special case of the relationships between the retailer and the aggregator with respect to possible issues raised by the balancing mechanism. These relationships are discussed in detail in Appendix E.



2.4.1.



Relationships between regulated players



Good coordination is needed between the TSO and the DSO. For this purpose, taking in consideration that: - the DSO has the knowledge of the distribution network and of the actual configuration of the consumers Point Of Delivery (POD8) and - the DSO has the responsibility for ensuring the distribution network security and technical quality



7 8



The belonging Area could be also communicated to each consumer, depending on local regulations. In some countries it is n POC (Point of Connection) or POS (Point of Supply).
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of supply. The DSO has to be informed of any TSO request for AD services to the market, which could have impacts on the distribution system operation. It has then to evaluate if the request is not contradictory with previous ones and if it is technically compatible with the distribution network operation. Similarly, taking in consideration that the TSO is in charge of the security, energy balancing and frequency control of the whole power system, it should be informed of any DSO request for AD services, which could have impact on the electricity system operation (and also on the transmission grid). So, it is necessary to define a clear mechanism and criteria to establish the priority of different actions. Obviously, the DSO cannot stop/delay feasible TSO requests, in the same way that the TSO cannot stop/delay feasible DSO requests. Commercial relationship From the commercial point of view, there might be some services such as voltage and reactive power control which might have a high topology dependency and for which alternatives to AD services can be provided by DSOs. The TSO could request first to the DSO who then decides the most efficient way of providing the services by using AD or other means (condenser batteries, tap changers etc.). Then, if AD services are required, the DSO could request them to aggregators based in the specific location(s) where they are needed through demand flexibility requests. The regulatory framework should establish in these cases which actor is responsible for doing what and what is the hierarchy of request to follow when a certain service is required by an actor. However, it must be ensured that this “coordination” between the TSO and the DSO does not introduce any bias in the market and does not raise any barriers for any deregulated players to provide services. Technical relationship Depending on the technical relationships between aggregators, DSOs and TSOs, different possibilities exist: -



A possible approach could be that the aggregator is the actor who sends AD service information to be validated first by the DSO and secondly by the TSO. In this case there is no need of a direct relation between the TSO and the DSO for technical validation purposes, because the aggregators directly send all the information to the DSO and the TSO and directly receive from them all validations. For this purpose, the aggregator needs to know both how to aggregate his consumers at distribution network level and at transmission network level (if it must be provided with enough topology information), so it should be able to do this two step validation.



-



Another possibility is that the information for technical validation is sent aggregated at distribution network level by the aggregator to the DSO, who aggregates all the activities by all the aggregators, and then the DSO sends the corresponding information aggregated at the transmission network level to the TSO. The results of the technical validation then follow the reverse path: from TSO to DSO first and from DSO to aggregators in second. This is the procedure adopted, in the ADDRESS project, for AD service provided to deregulated players.



-



If the market structure is such that the service buyer is the player which aggregates the situation, the above two possibilities could be also used with the difference that in this case, the buyer is the actor in charge of sending AD service information to the DSO and/or the TSO providing that it has
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enough information for aggregating demand actions. This is the procedure adopted, in the ADDRESS project, for AD services provided to regulated players, with the exception that in this case the buyer of the service is either the DSO or the TSO and it will be in charge of sending the required information to the TSO or the DSO (depending on the case). The buyer of the service will inform the aggregator of the result of the technical verification. Sharing of topology related information As discussed in 2.2.3, a relationship will probably be needed if the geographical area or macro load area approaches are considered for specifying the area to which AD services affects the transmission network. In this case, the DSO should inform the TSO about the impact of those geographical or load areas on the transmission network nodes. Inefficiency of services requests When a TSO and a DSO need a service in the same area it could be more efficient to establish coordination between them in order to adapt the request. In solving this issue of possible inefficiencies, the regulatory framework should define clear rules and make clear what the responsibilities of each of the regulated players are. Incoherent services requests The case of the DSO and TSO contracting the exactly the same service or conflicting services with an aggregator should not happen because both regulated players will perform the corresponding validation and will be aware about the services contracted by each other. If the aggregator does not accept any service request implying AD resources which are already involved in some other service pending from technical verification, these kind of problems could be avoided. The DSO that knows the details of the operation should detect incoherencies between service requests and notify the aggregator and the TSO about them.



2.4.2.



Relationship between regulated and deregulated players



An issue already mentioned above is about who informs the DSO and the TSO of the AD actions for the purpose of the technical verification. Either the seller of the service (aggregator) or the buyer of the service might do so (in an aggregated way at distribution network level). It seems reasonable that the aggregator informs the system operators. Indeed, the information for the technical validation must include locational data of the consumers involved and the aggregator is the player who knows how to link that locational data with the AD actions that it is planning to carry out (see Section 2.2.3). Different types of relationships and information exchanges are needed between aggregators and DSOs/TSOs in order to manage the following issues: -



Purchase of AD products by DSO/TSO from aggregators



-



Technical validation of AD actions.



-



Management of energy payback effect: DSOs and TSOs will have to ensure the energy payback effect does not cause any problems in the distribution or transmission networks.



-



Topology/locational information sharing: as already discussed above and in Section 2.2.3.
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-



Consumer and aggregator response monitoring.



These relationships are particularly important because the DSO/TSO must ensure the operation of the network in a secure and efficient way. Furthermore they are part of the ADDRESS Technical and Commercial Architecture.



2.4.2.1



Commercial relationship



Pure commercial relationships deal with the purchase of AD products by the TSO or DSO from an aggregator. The commercial relationship between TSOs/DSOs and aggregators is defined by the characteristics of the products that the aggregator can offer to the TSO/DSO in order to fulfil some of its needs. Examples of such products/services have been given in Section 2.3.2. They are described in detail in Appendix D according to the template presented in Section 2.2.2.



2.4.2.2



Technical validation by System Operators



The actions performed by aggregators through the management of their consumers’ portfolio have an impact on the power flows and voltages on the lines and other network equipment. There might be some cases where network constraint violations will occur. In order to avoid these network constraint violations, DSOs and TSOs should assess the impact of prospective AD actions and take appropriate measures when these actions cause or could cause a problem. This is a situation similar to the one that nowadays TSOs face in the transmission networks. Currently, TSOs verify at certain times that the power transactions agreed in the electricity markets (open markets, bilateral contracts, etc.) comply with the network constraints and otherwise facilitate the way to avoid such constraint violations. In this respect, AD could play a role similar to generation and large industrial consumption in the transmission network. But the verification of the impact of active demand in distributions network is a new issue then to be addressed. Discussion on the need for technical validation of AD actions According to the current regulation, at the initial steps of active demand deployment it will probably not be necessary to perform any technical verification because AD will not have an appreciable impact in the DSO’s and TSO’s networks. The network operators will ensure that their networks will be able to host any active resource connected to them, or they will put limits on those resources when and where they do not ensure secure operation. However, as more active resources become connected to the network and in a future with high deployment of active demand solutions, it is reasonable to think that the limits set by TSOs/DSOs will have to be removed and the impact of AD on the grid will increase. In this case, verification of active demand actions will likely be needed. Additionally, in the active grids of the future, load control together with generation set-point control will probably be part of integrated voltage control systems, along with conventional voltage control systems, and of other active grid management systems. So, both load reduction and load increase could be of some importance for the DSO and thus will need to be validated. However it is clear that certain types of AD actions (e.g. involving volume lower than specified thresholds) might not need to be validated by both the DSO and the TSO. It can be concluded that depending on country specific regulations, electricity sector characteristics, degree of AD penetration, amount of AD power being traded and the specific AD service Copyright ADDRESS project
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characteristics, the technical validation processes could be simplified or removed. This topic will be further discussed and studied in WP3 of the ADDRESS project which deals with developments for the DSO and TSO and the grid operation. In this document the most general case is considered, where technical validation processes are performed by DSOs and TSOs. Even if as discussed above it could happen that for certain AD actions and at the beginning of AD deployment these technical validation processes might not be needed. In any case, secure operation of networks is crucial and must be guaranteed, but at the same time it must be ensured that the technical validation does not raise any unnecessary barriers against AD development. Technical validation of AD actions This technical verification process will mainly consist in performing load flow calculations in the network taking into account the consumption increase or decrease communicated by the aggregator and associated to certain network identifiers, load areas or geographical areas. After executing the calculation processes the DSO/TSO will verify that all the network constraints are not violated, that is, power flows and voltage profiles in lines and nodes are in between admissible limits. If this is the case, the DSO/TSO will see how to remedy to the problem with solutions at its disposal. If it cannot find any such solution, the DSO/TSO will determine a curtailment factor for the AD products (e.g. limit on the MW amount) such that no constraint is violated with the curtailed product otherwise is not possible it will reject it completely. For the purpose of the verification, each DSO has to know how much power would be injected in the nodes of its network by each AD action proposal. The TSO has to know how much power would be injected at the boundary nodes with each distribution network by all the AD actions involving that network. If no constraint is violated, the AD actions are accepted and acceptance signals are sent to the aggregators.



What happens in the case of technical invalidation by system operators? As mentioned above, if the proposed AD action does not comply with network constraints, the DSO/TSO should determine how to remedy to the problem with the solutions at its disposal. If it cannot find any such solution, the DSO/TSO determines a curtailment factor for the AD product (e.g. limit on the MW amount) with the objective of curtailing the least possible amount. Additionally, the DSO/TSO computes and publishes a sensitivity matrix expressing the constraints on the distribution/transmission networks as guidance to the interested parties: -



for possibly arranging additional flexibility exchanges (such as AD products), for instance in a second market round or,



-



for preparing future offers and submitting them to the market.



Sensitivity matrices for network constraints will be public. With these DSO and TSO sensitivity matrices, all parties should be able to know how incremental flexibility exchanges could be arranged to comply with the network constraints. Therefore it is expected that the aggregators will be able to build their offers and AD products in a better way to reduce as much as possible the rate of rejection or volume of curtailment of its AD products. For services provided to deregulated players, the TSO sends to each DSO the transmission curtailment factors for the AD products pertaining to a DSO’s distribution network and in turn the Copyright ADDRESS project



page 42 of 129



ADDRESS Technical and Commercial Conceptual Architectures - Core document ADD-WP1-T1.5-DEL-EDF-D1.1-Technical_and_Commercial_Architectures Revision 1.0



corresponding DSOs send to the aggregators curtailment factors taking into account both the constraints on the distribution and transmission networks. For services provided to regulated players, the results of the technical verification (curtailment factors) will be sent to the aggregators by the buyer of the AD product (respectively the DSO or the TSO depending on the case) taking into account the results it has received from the “other” regulated player involved (respectively the TSO or the DSO depending on the case).



2.4.3.



Issues related to energy balancing and settlement



2.4.3.1



Retailer versus aggregator



The main question here is “How to limit unexpected imbalances in the system because of Active Demand?” Indeed, in some circumstances, imbalances might arise in the case where an aggregator sells an AD product to a player who is not the retailer of the consumers contributing to the AD product. The risk we identified appears when the retailer is able to forecast the new consumption of its active consumers and adapts accordingly. For instance, we consider the case where a producer cannot meet its obligation in terms of production and asks an aggregator to provide an AD product in the form of a load reduction. If the retailer is able in one way or another to forecast the reduction of consumption of its consumers, the retailer could: -



resell the energy not consumed by its consumers,



-



reduce its purchases of energy,



-



buy a counteracting AD product (load increase) from another aggregator.



As a consequence, the “same physical energy” would end up being counted twice: once by the aggregator and once by the retailer. But it will not be produced twice and the physical system would end up unbalanced. So the initial imbalance resulting from the producer will not have been resolved by the AD service and it will require other means maybe in the form additional generation reserve and increase balancing costs. Certainly, at the start of the implementation of AD, the potential impacts could be expected to be rather small. Only when large volumes of demand are expected to be activated in a synchronised (and somewhat predictable) way, this could harm the system. Another issue deals with the energy payback that can occur after (and before) the provision of an AD service and which can cause both the retailer and the physical system to become unbalanced. To limit the imbalance of the global system during the energy payback period, we can propose to include a period of energy payback in the product sold by the aggregator (see Section 2.2.2). So the responsibility will be shared in some way between the buyer of the service, the aggregator and the corresponding consumers’ retailer. We could envisage some solutions to limit these imbalance effects: -



Do not inform the retailer that AD is activated with its consumers.



-



Do not sell repetitive, foreseeable, systematic AD. If this is needed, then this is probably caused by a problem that should be solved in another more sustainable way than using AD as it is considered in ADDRESS.



-



Allow for the sale of AD products which include an explicit energy payback. This way the buyer of the AD product becomes liable for providing the payback energy as forecasted by the aggregator.



-



Declare to the TSO the transactions between an aggregator and the buyer of AD and also the information needed to identify the retailers which will be affected. This is to inform the TSO of the modification of consumption during the delivery of AD and during the energy payback, but also to
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allow for an imbalance settlement that does not penalize the retailer. With this mechanism, the retailer will be less encouraged to counteract the presence of AD. Obviously, all cannot be predicted and measured, in particular the energy payback. But the responsibilities can be shared between the buyer of the Active Demand, the aggregator and the retailer, and this extra uncertainty could be considered in the same way as the uncertainty of a consumption forecast. Another case to study is the case where the metering operator is not able to provide an accurate timetagged measure of each consumer. If the metering operator provides single energy consumption readings per day only, the real load profile of each consumer is not known. It will be impossible to measure delivery of AD by individual consumers9. If the TSO uses standardised profiles of consumption in the perimeter of the retailer, the retailer would not be penalised by AD in the imbalance settlement. 2.4.3.2



Other balancing issues: metering options, load profiling and energy balance settlement



The last point above raises issues that need further discussion and further studies. Indeed specific studies are needed (and will be carried out in WP2) to evaluate, in the load areas where smart meters will be available, how the data provided by these advanced meters could enhance the imbalance settlement mechanism through to the use of dynamic load profiling methods. If load profile methods are not adapted in accordance with the deployment of AD services, load imbalance will remain non measured. Different situations can then coexist (in the same load areas) or appear successively (due to the time needed for the deployment of AD services) : -



Former load profiles with new AD services, with or without smart meters: this is the case if the cost to modify the load profile system is not sufficiently justified by AD services considerations only.



-



Exemption of the AD services in the imbalance settlement mechanism: the effects are set in the global error of the settlement mechanism if any; this approach seems acceptable at the initial steps of AD deployment for a limited period of time and if energy and power volumes involved in AD services remain limited.



-



Dynamic load profiling only for a specific segment of customers with the highest AD flexibility level and thus justifying this mechanism.



-



Use of more frequent remote meter readings (hourly, daily, etc.) for a restricted sample of customers to create a “load profile reference” for AD imbalance measurement.



The AD services will modify load profiles when used at a large scale among domestic customers and more and more frequently. In that case, the adaptation of the load profiling systems to take these new profiles into account will spread over several years with more limited consequences than an dynamic adjustment automatically applied at the segment of customers involved in AD services in a same load area. That means, the future smart meters allowing frequent remote readings, adjusted load profiles and accurate settlement, the AD services – including the payback effect before and after activation will be better integrated in players strategies with vanishing consequences between them. The studies will also examine how to share the “smartness” (or the intelligence) between the meter, the energy box and the different centralized systems since different situations will occur (dumb meters, smart meters with or without direct - without involving meter operators - local communication with



9



Metering aspects concerning the AD delivery verification for the regulated and deregulated participants will be discussed in Section 3.
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energy boxes, different regulatory frameworks with meter data operators distinct from DSO/TSO, etc.). This aspect is further discussed in Section 3.



2.5. Reference use cases Once the main relationships between the different players have been discussed and somewhat clarified, the use cases for the different AD services identified can be defined. The use case for a service represents on a timeline all the interactions between the players involved in the provision of this service (including those involved in the technical verification), along with their internal processes. The use cases for the AD services are therefore quite important for the development of the technical and commercial architectures in the ADDRESS project. The use cases for all the services identified (24 services for the deregulated players and 7 services for the regulated players) are described in Appendices C and D. In particular, four reference use cases were defined taking as a basis the services provided to the retailer and to the DSO, two for SRP products and two for CRP products. It appears that the use cases for the retailer could be adapted with only minor changes for all deregulated players. In the same way the use cases for the DSO are very similar to those for the TSO. Indeed, the procedure that accompanies the usage of an AD service generally involves the following processes. Internal optimisation: A potential AD buyer will have to determine the best option available to meet its needs. Therefore, this step involves comparing the options (for instance AD product such as SRP and CRP and energy based products such as forward energy contracts) that are available to the AD buyer. The AD buyer then decides how much and which AD products are needed and what is the maximum price it is willing to pay. The AD buyer may buy from standardised marketplaces such as a power exchange and over-the-counter markets or negotiate a bilateral contract which allows the AD buyer to include specific conditions that meet additional requirements. External optimisation: This sub-procedure is performed by counterparties i.e. aggregators and authorities that facilitate commercial transactions (i.e. market operators) and supervise the safe operation of the power systems (i.e. system operators). As previously discussed, system operators such as DSOs and TSOs must be consulted for technical feasibility of commercial transactions. After the verification of technical feasibility, final results of the transactions are announced. The AD buyer may not be able to obtain the whole amount of AD service it intends to consume originally. Execution: The aggregator(s) then communicates with its consumers (the ultimate active demand providers) through their energy box. The consumers then deliver demand response according to the signals provided. Settlement: This process involves settling any amount due among the parties involved in the transactions. Rewards may be given to consumers/aggregators for over-performance while penalties are imposed otherwise. This part will not be represented in the use cases at the present stage but will be incorporated afterwards based on the results obtained later in other WPs (in particular WP5). Besides, the aspects concerning the measurement and assessment of AD service delivery will be presented in Section 3. The AD settlement process including the remuneration of the service provided and the computation of the penalty in case of non-deliverance will be studied in the WP5 which deals with market mechanisms and contractual structures. Finally, it should be noted that all these processes will be integrated in the existing systems. The objective is not to replace the existing systems but to use them and add new functionalities in order to Copyright ADDRESS project
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integrate the AD service provision. For instance Section D.3.5 in Appendix D shows requirements for functionalities of the Distribution Management System tools necessary to integrate the AD services in the operation of the power system. The four reference use cases are presented below.



2.5.1.



Reference use cases for deregulated players (based on the retailer)



The two services described for the retailer in Section 2.3.1 are used to describe the reference use cases for the deregulated players. SRP service: Short-term load shaping in order to optimise purchases and sales Given the conditions on the wholesale market and in its own retail activities, the retailer is looking to optimally match its demand to those conditions. This may mean selling back or buying electricity on the wholesale markets. To do so, the retailer attempts to use AD to allow it to execute those commercial transactions without the risk of becoming out of balance. Its day-ahead optimisation determines the price at which the retailer should buy or sell energy. Use case description 1. The retailer performs its optimisation process and defines its needs. 2. The retailer goes to the market in order to seek offers to meet its needs. It can also issue a call for tenders to establish bilateral contracts. 3. The aggregators prepare their offers for the market. 4. The aggregators send their offers to the market. 5. The other market participants prepare their offers for the market. 6. The other market participants send their offers to the market. 7. At the gate closure, the market launches the matching process10. 8. The market sends the results of the matching process to the retailer. 9. The market sends the results of the matching process to the other market participants. 10. The market sends the results of the matching process to the aggregator. 11. The aggregator provides the DSO with the relevant information of its offer (e.g. the MW amount, the duration and the period of the offer and the electrical node(s) AD are connected to). 12. The DSO verifies the technical feasibility of the AD service on the distribution grid. 13. The DSO aggregates the distribution network situation at the connection point with the TSO. 14. The DSO sends this situation to the TSO for verification. 15. The TSO verifies the technical feasibility of the AD service on the transmission grid. 16. If everything is okay, the TSO sends an acceptance signal to the DSO. 17. The offer is validated and the DSO notifies the aggregator of its acceptance. 18. The aggregator informs the TSO with the MW amount during what period and to which actor it sold AD (if an imbalance settlement mechanism exists). 10



Depending on the market structure and rules, different, less or additional exchanges may be needed, e.g. between the retailer and aggregator, with the Balancing Responsible Parties, between aggregator and Systems Operators, etc. Copyright ADDRESS project
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19. The aggregator activates the flexible solution for these consumers through the Energy Box as per engagement. 20. The Energy Box controls the consumer appliances. Regarding Step 2, the retailer may find several ways to close an agreement with aggregators (or other alternative providers): - Organized open markets where such product may be traded (if they exist) (a pool). - Over the counter (OTC) negotiation. - Direct bilateral agreements (can be seen as a particular case of OTC). - Call for tenders launched by the retailer. Even if the procedures of an OTC market or of a call for tenders could be different from those of an organised market, for the sake of simplicity and standardization of the description of the use cases, the OTC market and call for tenders procedures are described following the steps, actions and terminology of an organised market. The described steps can easily be identified to those of an OTC market where a broker tries to match the request of the participants or those of a call for tenders. So from now on the OTC market and call for tenders are described just as a “market”. The corresponding graphical use case representation is shown in Figure 7. In this figure, the symbol () represents an internal process in the UML language.



Copyright ADDRESS project



page 47 of 129



ADDRESS Technical and Commercial Conceptual Architectures - Core document ADD-WP1-T1.5-DEL-EDF-D1.1-Technical_and_Commercial_Architectures Revision 1.0 sd SRP-SOPS-RET(Short-term Load shaping to optimise purchases and sales) Market



Aggregator



(from Actors)



(from Actors)



Retailer



Energy Box Market participants



DSO



TSO



Consumer (from Actors)



1. (purchases & sales optimisation process) 2. request(offers to meet its need) 4. send (offers submission)



3.make offers process()



5.make offers process()



6. send (offers submission) 7.matching process()



8. send (matching process results)



9. send(matching process results) 10. send (matching process results) 11. send (relevant information of AD) 12.(checking technical feasibility process) 13.(aggregates DSO network at TSO level process) 14.send(aggregation



16.send(acceptance)
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17.send(acceptance) 18. send (AD product information for imbalance ) 19. request (AD activation) 20. request(AD activation) SRP-OBT Context : In short term, the retailer optimises purchases and (from Actors) optimisation determines the price at which the His day-ahead retailer wants to buy or sell



Figure 7.
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CRP Service: Reserve capacity to manage short-term risks From experience, the retailer knows that during some periods of the year, it is valuable to have some “slack” available to mitigate the occurrence of adverse events, mostly large wholesale price spikes in periods of high demand. In the case of the retailer, this slack could by some reserve capacity provided by active demand in the form of a CRP. This capacity is deployable by the retailer under certain conditions agreed by the retailer and the counterparty aggregator. The service is a callable reserve capacity to cover for short-term uncertainties. In this case, the retailer wishes to procure a reserve for activation only in a few days in the year (in order to minimise short term risks which may arise). Use case description The reference use case for CRP is similar in principle to that for the SRP. The chief difference is in the presence of the separate activation step and its associated information exchanges. 1. The retailer detects a critical period11, performs its optimisation process and defines its needs. 2. The retailer goes to the market in order to seek offers to meet its needs. It can also launch a call for tenders to establish bilateral contracts12. 3. The aggregators prepare their offers to the market. 4. The aggregators send their offers to the market. 5. The other market participants prepare their offers to the market. 6. The other market participants send their offers to the market. 7. At the gate closure, the market launches the matching process13. 8. The market sends the results of the matching process to the retailer. 9. The market sends the results of the matching process to the other market participants. 10. The market sends the results of the matching process to the aggregator. We suppose the contract is signed with an aggregator. 11. The retailer detects the need for activation of this CRP product. 12. At Tact14, the retailer activates the conditional Active Demand product by sending an activation signal to the Aggregator. This message must include information regarding the volume required.



11



It might be difficult to supply its consumers in a peak period. In order to minimize short-term risks, the retailer decides to buy a conditional contract for few days in the period (maybe 3 or 4 days). The value analysis seems to Price (option fee) + Price (deployment energy) x Expected use < Expected (spot price) x Expected use. Note that the value analysis in the case of a CRP has to include a risk component. 12 Like for the SRP use case, the retailer may find several ways to close an agreement with aggregators (or other alternative providers) such as: organised open markets where such product may be traded (if they exist) (a pool), over the counter (OTC) negotiation, direct bilateral agreements (can be seen as a particular case of OTC) or call for tenders launched by the player. But for the sake of simplicity and standardization of the description of the use cases the OTC market and call for tenders are described just as a “market”. 13 The market clearing process matches the supply and demand for the product and a corresponding clearing price (the option fee). 14 Tact takes into account the time needed by the DSO and the TSO for verification. Copyright ADDRESS project
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13. The aggregator provides the DSO with the relevant information of this activated AD product (eg. the MW amount, the electrical node(s) AD are connected to, …). 14. The DSO verifies the technical feasibility of the AD product on the distribution grid. 15. The DSO aggregates the distribution network situation at the connection point with the TSO. 16. The DSO sends this situation to the TSO for verification. 17. The TSO verifies the technical feasibility of the AD product on the transmission grid. 18. If everything is okay, the TSO sends an acceptance signal to the DSO. 19. The offer is validated and the DSO notifies the aggregator of its acceptance. 20. The aggregator informs the TSO of the MW amount, during what period and to which actor it sold the AD product (if an imbalance settlement mechanism exists). 21. The aggregator activates, the active demand for these consumers through their Energy Box as per engagement. 22. The Energy Box controls the consumer appliances. The corresponding graphical use case representation is shown in Figure 8. In this figure, the symbol () represents an internal process in the UML language.
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Aggregator



(from Actors)



(from Actors)



Energy Box



Retailer



Market participants



DSO



TSO



Consumer (from Actors)



1.(detection of a critical period process) 2. request (offers to meet its need) 4. send (offers submission)



3. make offers process()



6. send (offers submission)



8. send (matching process results)



5. make offers process()



7.matching process() 9. send (matching process results) 10. send (matching process results)



11. (detection of AD activation)



12. send (activation AD) 13. send (relevant information of AD) 14. (checking technical feasibility process) 15. (aggregates DSO network at the TSO level process) 16. send (aggregation results) 17. (checking 18. send (acceptance)



technical feasibility process)



19. send (acceptance ) 20. send (AD product information for imbalance ) 21. request (AD activation) CRP-PRF Context: It might be difficult to supply its consumers in a peak period. In order to minimize short-term risks, the retailer decides to buy a conditional contract for few days in the period (maybe 3 or 4 days). (from Actors)



Figure 8.



22. request (AD activation )



(from Actors)



(from Actors)



(from Actors)



CRP reference use case for deregulated players: reserve capacity for the retailer to manage short-term risks
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2.5.2.



Reference use cases for regulated players (based on the DSO)



The two services described for the DSO in Section 2.3.2 are used to describe the reference use cases for the regulated players. Scheduled Re-profiling for Voltage Regulation and Power Flow control – Slow (SRP-VRPF-SL) The DSO checks the production/consumption plans for a certain period (day, week, month, longer) verifying with its tools (DMS or EMS) the compliance with network security constraints. If violations are deemed to occur (e.g. the voltages at some points of the network or the power flows in some lines exceed the limits) the plan is rearranged until it complies with the network operational limits. For the rearrangement, a SRP product can be used: aggregators have an obligation to deliver the specified power re-profiling shape during the specified delivery period. This service will be procured with dayahead timings or longer. Use case description 1. The DSO (requester) detects a critical situation, e.g. the power flow at certain section of the network is too high or voltage exceeds limits 2. The DSO checks for the possible solutions, such as: •



Technical, e.g. modification of topology.



•



AD



•



Alternative solutions provided through the market, e.g. change of DER set point.



3. If AD solution is considered viable (with respect to cost effectiveness and network management) the DSO informs the TSO, with the aim of pre-screening, possible cooperation in asking only once for the same service/product and coordination to manage possible conflicts (e.g. opposite requests in the same network area). 4. The DSO goes to the market with its bid to buy a SRP product (volume, price). It can also launch a call for tenders to establish bilateral contracts. 5. Aggregators prepare their offers for the market. 6. Aggregators send their offers to the market 7. Other market participants (e.g. producers) prepare their offers for the market. 8. Other market participants send their offers to the market. 9. At the gate closure, the market launches the matching process and lists the operators with accepted offers. 10. The market sends the results to the aggregators. 11. The market sends the results to other participants. 12. The market sends the results (accepted offers and list of operators) to the requester (DSO), together with location information. 13. The requester (DSO) verifies for its network the technical feasibility of the market solution. 14. If the verification is positive, the DSO aggregates the distribution network solution at the connection point with the TSO. 15. The DSO sends this information to TSO for verification.
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16. The TSO verifies the technical feasibility of the solution in the transmission grid. 17. If TSO verification is positive, the TSO sends an acceptance signal to the DSO. 18. The doubly verified offer is validated and the requester (DSO) notifies Aggregators of its acceptance. This is the service negotiation gate closure. 19. The Aggregators send at due time their signal to the consumers through the Energy Box. 20. The Energy Box controls the consumer appliances. The corresponding graphical use case representation is shown in Figure 9. In this figure, the symbol () represents an internal process in the UML language.
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1.(detection of possible critical situation process) The matching process could be launched in the defined Time frame (gate closure)



2.(determination solutions process) 3.send(AD informations)



The process of the aggregation could be launched in the defined Time frame



4.request(offers to meet its needs) 5.make offers process() 6.send(offers submission) 7.make offers process()
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20.request(AD activation)



Context:DSO (requester) checks the consumption/production plans for a certain timeframe (days, weeks, months, ?) verifying with its tools (DMS (from Actors) (from Actors) or EMS) the compliance with network operation constraints.



Figure 9.
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SRP reference use case for regulated players: Scheduled re-profiling for VRPF control (slow) for the DSO
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Conditional Re-profiling for Voltage Regulation and Power Flow control – Fast (CRP-VRPF-FT) The actual daily production/consumption profile poses different problems; due to forecast errors, power imbalance or participants’ non-compliant behaviour with the commitment, some constraints could be violated. In this case, the DSO or the TSO must correct the situation, possibly by activating conditional AD products. This can be seen as a CRP AD product, as the power delivery has to be “triggered” by the DSO or TSO. The DSO has the option to call for the re-profiling to be delivered by aggregators; standing/option fee in the price structure has to be envisaged. This service will be procured with hour-ahead timings or longer, and activated in real time. 1. The DSO (requester) identifies sections of the network which, for a certain period (days, weeks, months or longer), can be weak with respect to network operation constraints, e.g. power flow or voltage profiles are foreseen to be close to limits. The DSO (requester) detects a possible critical situation. 2. The DSO or TSO checks for the possible solutions, such as: •



Technical, e.g. modification of topology.



•



AD.



•



Alternative solutions provided by market, e.g. change of DER set point.



3. If an AD solution is considered viable (with regard to cost effectiveness and network management), the DSO informs the TSO, with the aim of pre-screening, possible cooperation to ask only once for the same product/service and coordination to manage possible conflicts (e.g. opposite requests in the same network area). 4. The DSO goes to market with its bid to buy a CRP product (volume, price). It can also launch a tender to establish bilateral contracts. 5. Aggregators prepare their offers for the market. 6. Aggregators send their offers to market. 7. The other market participants (e.g. producers) prepare their offers for the market. 8. The other market participants send their offers to the market. 9. At the gate closure, the market launches the matching process and determines the merit order list. 10. The market sends the results to other participants. 11. The market sends the results to the aggregator. 12. The market sends the list of accepted offers to the requester (DSO), together with location information. This is the service negotiation gate closure. Aggregators take the obligation to activate the service at any time during the availability interval. 13. The DSO continuously checks network-operating state (in particular voltage profiles and power flow, verifying with DMS or EMS tools the compliance with the network constraints). 14. If constraints are violated, DSO verifies for its network the technical feasibility of the conditional AD products. 15. The DSO aggregates solution at the connection point with the TSO. 16. The DSO sends to the TSO the aggregated solution for verification. 17. The TSO verifies the technical feasibility of the solution.
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18. If TSO verification is positive, the TSO sends an acceptance signal to the DSO. 19. The active demand product is validated and the requester (DSO) notifies Aggregators of its activation. 20. Aggregators activate the service within the specified activation time and with the specified volume, sending signal to the consumers through the Energy Box. 21. The Energy Box controls the consumer appliances.



The corresponding graphical use case representation is shown in Figure 10. In this figure, the symbol () represents an internal process in the UML language.
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Figure 10. CRP reference use case for regulated players: Scheduled re-profiling for VRPF control (fast) for the DSO
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2.6. Summary As a conclusion to this section, Table 11 lists all the services that AD can provide to regulated and deregulated players and that have been identified and characterized in this first part of the work of the ADDRESS project. For each of them the table gives the type of AD product and the unique identifier that has been associated to the service. Each of these services is described in detail in Appendix C (deregulated players) and Appendix D (regulated players) using the template of Table 8, and the corresponding use case is described. Table 11. AD services for regulated and deregulated players Type of AD Product



ID



Short-term load shaping in order to Optimise Purchases and Sales.



SRP



SRP-SOPS-RET



Management of Energy Imbalance in order to minimise deviations from declared consumption programme and reduce imbalance costs.



SRP



SRP-MEI-RET



Reserve capacity to manage short-term Risks.



CRP



CRP-SR-RET



Short-term optimisation through load shaping in order to Optimise the Operation of its Generation portfolio.



SRP



SRP-SOG-CP



Management of Energy Imbalance in order to reduce imbalance costs.



SRP



SRP-MEI-CP



Tertiary Reserve provision in order to meet obligation of tertiary reserve provision contracted with the TSO.



CRP



CRP-TR-CP



Decentralised Short-term Management of Energy Imbalance in electricity order to minimise deviations from declared Producer production programme (low uncertainty).



SRP



SRP-SMEI-DP



Load shaping in order to Optimise its Economic Profits.



SRP



SRP-OEP-DP



Tertiary reserve provision in order to meet contracted tertiary reserve programme.



SRP



SRP-TR-DP



Reserve capacity to Short-term Manage Energy Imbalance in order to minimise deviations from declared production programme (high uncertainty).



CRP-2



CRP-2-SMEI-DP



Reserve capacity to Short-term Manage Energy Imbalance but the DP knows the direction of the imbalance probably because the time to the forecasted imbalance is shorter (medium uncertainty).



CRP



CRP-SMEI-DP



Reserve capacity to manage provision of contracted Tertiary Reserve (medium uncertainty).



CRP



CRP-TR-DP



Player



Retailer



Centralised Producer



or Production Aggregator



Principal services
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Reserve capacity to manage provision of contracted Tertiary Reserve (medium uncertainty).



CRP-2



CRP-2-TR-DP



Short-term Local Load Increase in order to compensate the effect of network evacuation limitations and to be able to produce more.



SRP



SRP-SLLI-PwRT



Short-term Load Increase in order to avoid being cut-off.



SRP



SRP-SLI-PwRT



CRP



CRP-LLI-PwRT



CRP



CRP-LI-PwRT



Reserve capacity to Manage Energy Imbalance in order to minimise deviations from the production program previously declared and reduce the imbalance costs.



CRP-2



CRP-2-MEI-PwRT



Short-term Optimisation of Purchases and Sales by load shaping



SRP



SRP-SOPS-T&B



Short-term Optimisation of Purchases and Sales through Reserve Capacity



CRP



CRP-SOPS-T&B



Management of Energy Imbalance (low uncertainty)



SRP



SRP-MEI-BRP



Management Energy Imbalance (medium uncertainty)



CRP



CRP-MEI-BRP



CRP-2



CRP-2-MEI-BRP



Minimisation of Energy procurement Costs



SRP



SRP-MEC-LC



Scheduled Re-Profiling Load Reduction (slow).



SRP



SRP-LR-SL



Scheduled Re-Profiling Load Reduction (fast).



SRP



SRP-LR-FT



Scheduled Re-Profiling for Voltage Regulation and Power Flow Control (slow)



SRP



SRP-VRPF-SL



Conditional Re-Profiling Load Reduction (Fast).



CRP



CRP-LR-FT



Conditional Re-Profiling for Voltage Regulation and Power Flow control (Fast).



CRP



CRP-VRPF-FT



Bi-directional Conditional Re-Profiling for Tertiary Reserve (Fast).



CRP-2



CRP-2-TR-FT



Bi-directional Conditional Re-Profiling for Tertiary Reserve (Slow).



CRP-2



CRP-2-TR-SL



Local Load Increase reserve in order to Producer with compensate the effect of network evacuation Regulated limitations and to be able to produce more or to invest more in generation capacity tariffs Load Increase reserve in order to avoid being partially cut off, or even to be authorized to invest more.



Traders and brokers



Balancing Responsible Parties



Management Energy Imbalance (high uncertainty) Large consumers



DSO/TSO



TSO
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3. The ADDRESS aggregator and consumers’ flexibility This section is devoted to the description of the ADDRESS aggregator, who is a central player in the ADDRESS architecture and to the consumers who are at the end the providers of Active Demand. The aggregator of the flexibilities provided by domestic consumers is a fairly new player in the energy business. This has led to a specific study on its roles, activities and means of relationship with other players. The main results are presented in this section and are further detailed in Appendix F. More specifically, in a first part (Subsections 3.1 to 3.4), this section presents the following topics: -



the roles and main functions that an aggregator will play in the overall market framework, or more precisely from the point of view of the electricity system.



-



The relationship with the electricity system players for the provision of AD products: this topic has already been extensively described in the previous section (Section 2) and in Appendices C, D, E from the points of view of the characterisation of the services and products provided to the different (regulated and deregulated) players, of the implied relationships between the aggregator and these players and of the exchanges of information and signals. In this section, the following aspects will be now considered: the relationship between the aggregator and the consumers, the exchanges of information with the Energy Box, the management of the energy payback effect, the monitoring/assessment of service delivery and consumers’ response, the participation in organized markets.



-



The internal activities of the aggregator: this sub-section seeks to clarify the business internal organization of an aggregator, identifying the main functionalities and activities it should develop in order to carry out its functions in the system and maximise its profits (operative decisions, risk management, …). The particular case when the aggregator is a retailer: the implications of this configuration with respect to the above issues are discussed.



-



The second part of the section (Subsection 3.5) provides an overview of consumers’ flexibility: - first from the point of view of the equipment present at the consumers’ premises: electric appliances, DG, RES, storage system, etc. - then the flexibility aggregated at consumer level (at the level of the house or the building).



3.1. Main functions of an aggregator In the ADDRESS architecture, the aggregators are deregulated participants whose main role is to be the mediators between the consumers who provide (sell) their demand flexibilities (= modifications in consumption) and the markets where the aggregators offer (sell) these flexibilities for the use of the other electricity system players. In other words, it may be said that the aggregator purchases consumers’ flexibility, packages it into tradable AD products and sell these products on the markets to electricity system participants. This implies that: -



The aggregators are the gateway to consumers for managing their flexibility.



-



They will need a very good knowledge of consumers at all levels.



-



They will have to manage the risks associated with AD and more precisely both the risks related to



Copyright ADDRESS project



page 60 of 129



ADDRESS Technical and Commercial Conceptual Architectures - Core document ADD-WP1-T1.5-DEL-EDF-D1.1-Technical_and_Commercial_Architectures Revision 1.0



price and to quantity. Being deregulated players, the aggregators will probably have varying objectives, business models and marketing strategies. For example, some of them may give preference in their portfolio to consumers with specific load characteristics or consumption behaviour, or some aggregators may specialize in the provision of a given type of products, or they may propose their products only on certain types of markets. Aggregators may also buy AD products from other aggregators to have access to added flexibility for managing their own portfolios (of consumers or of AD clients15). In all cases, a competitive market must be ensured (complying with local regulations). Starting from the aggregator’s role the following main functions may be derived for the ADDRESS aggregator: -



Gather the flexibilities of domestic and small commercial consumers to build the AD products that it will resell on the markets. For this purpose the aggregator is expected to have a high expertise of consumer demand flexibilities. It must probably also develop an active role on advising and proposing technical and commercial solutions to consumers, so that the maximum flexibility capabilities are made available to the system.



-



Be aware of the AD requests and opportunities. The aggregator should have an active role looking for opportunities to sell AD services in the appropriate markets and proposing its AD products to regulated and deregulated players. Therefore the aggregators will collect the requests and signals coming from the different electricity system participants via the markets16 in order to build offers that meet the needs of these participants. In particular, the aggregators’ knowledge or awareness of the geographical location of its consumers and of the regulated (DSOs/TSOs) and deregulated participants requiring the service could be important in order to match the right request (e.g. need for load reduction in a certain part of the distribution network) with the right service (e.g. increase of production by starting up DG in certain consumers’ premises or decrease of consumption by switching off or reducing consumption devices on the right part of the network). The aggregator should also be able to properly manage its portfolio of requests, identifying synergies, overlaps and maybe even inconsistencies between the different requests.



-



Maximise the value of consumers’ flexibility: maximise the value from gathering and packaging consumers’ flexibility to its final sale to the electricity system participants. This will probably lead aggregators to search on the markets for the AD requests with the highest potential added value in order to optimise the flexibility of their consumers. The value created by the aggregator could be derived from four main sources: o commercial return (economic added value for consumers, for regulated and deregulated players and for the aggregator itself), o environmental return (for “environmentally concerned” consumers, support of RES development, reduction of CO2 emission), o social return (a step towards the “sustainable society”), and o technical return (infrastructures, facilitating introduction of Smart Grids and Smart Meters).



-



Manage risks associated with the uncertainties in the markets (market price risks) and the responsiveness of their consumer base (risk of non-delivery of forward purchased demand-side flexibility). Different schemes for allocation of such risks may be adopted, but the aggregator



15



Clients or “customers” of the AD product that is to say the electricity system players to which aggregators sell their AD products. 16 Markets in the most general sense and therefore including organised open markets, call for tenders, OTC negotiation, direct bilateral agreements, …
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should in any case deal with a large part of them. In some cases, the aggregator might negotiate transferring these risks to other participants which might have a better control of them. These functions will probably involve competing against other aggregators for the “highest-value” consumers providing flexibility services for the “highest-value” end markets (for instance consumers with certain desirable flexibility characteristics or consumers located in strategic areas known for their tight network margins). This leads to a first diagram of the internal functionalities of aggregators needed to perform their functions and implying: -



relationship with consumers and their Energy boxes,



-



relationships with other (regulated and deregulated) players and participation in markets,



-



the aggregator’s strategy: o building of portfolios for purchases (consumers) and sales (AD clients), o operative decisions, o risk management at all levels,



-



performance assessment of consumers response.



They are described in the following Subsections (3.2 and 3.3) and further detailed in Appendix F.



Aggregator Economic business plan (Risk management, etc.) Building a consumer flexibility portfolio



Operative decisions



Building an AD purchasers portfolio



Performance Assessment



Energy boxes



Markets OTC (bilateral) & Organized Markets TSO/DSOs



Consumers Deregulated players



Figure 11. Overview of aggregators internal functionalities



3.2. Relationship with electricity system players for the provision of AD products As already mentioned above, this topic has been described in the previous section (Section 2) and is detailed in Appendices C, D, E from the points of view of the characterisation of the products provided
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to the different (regulated and deregulated) players, of the implied relationships between the aggregator and these players and of the exchanges of information and signals. These aspects will not be repeated here. In this section, we consider the following complementary aspects: -



the relationship between the aggregator and the consumers and the exchanges of information with the Energy Box,



-



the management of the energy payback effect,



-



the monitoring/assessment of the service delivery by the aggregator on one side and of consumers’ response on the other side,



-



the participation of aggregators in organized markets.



3.2.1.



Relationships with the consumers and the Energy Box



The main objective of these relationships is to gather the flexibilities of the consumers in order to build the AD products. This involves the following main actions and activities. 3.2.1.1



Building a portfolio of consumers



For this purpose, it can be envisaged that the aggregator will have to: -



Identify and select potential sets of consumers willing to sell their flexibility. To efficiently perform this, the aggregator must acquire knowledge on the consumers through: o Consumer classification analysis. o Consumer profile clustering. o Consumer flexibility indexing (including forecasting algorithms and those based on historical behaviour). o Consumer’s comfort valuation. o Assessment of market potential of different types of consumers.



-



Identify and select the geographical distribution of its potential consumers. It will probably need a minimum volume of AD and therefore of consumers for each given geographical zone in order to be able to develop a technically and economically viable activity. The aggregator must thus know the location of each consumer with respect to the grid (consumer location information - see Section 2.2.3).



-



Set a commercial plan and implement it, and namely: o



To assess the value of the AD products it will be able to sell from the analysis of the different AD services’ markets and from its portfolio of AD clients (e.g. with bilateral agreements). This includes forecasting the future level of market prices (including imbalance prices) as well as other economic factors.



o



To build offers for consumers to have them be part of the portfolio and to design a set of contractual arrangements attractive enough for the consumers and that allows a margin for the aggregator.



o



To carry out marketing activities to get these offers known by the targeted consumers (market study, publicity, telemarketing, etc.).



o



To provide solutions to deal with the investment costs induced by new consumers providing AD services



o



To install (or let a reliable third party install) the controller ("energy box") and communications devices at customer premises.
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o



To sign contractual arrangements with the consumers.



From these activities it should be expected that the aggregator will need to achieve: -



A database of consumers (with consumption profile clustering, forecasted flexibilities’ consumptions, network location, existence of energy box, communication link, etc.) subject to local data privacy laws.



-



A set of appropriate contracts17 to be offered to consumers (volume, price, availability, monitoring, penalties, lead time to communicate, etc.).



-



A portfolio of consumers with contractual arrangements signed up.



-



Installation of the control and communication hardware to the consumer premises.



3.2.1.2



Learning consumers’ behaviour



In the context of the relationship between the consumer and the aggregator, it is expected that the later will receive periodically information on consumer load curve (for instance hourly consumption data retrieved from the meter to be received from the DSO/metering company or information coming directly from the Energy Box). This data will be used to validate the classification and profile of the consumer and other data on consumption pattern and to develop the knowledge on the consumers. Additionally, further information on consumers will be obtained on the basis of their response feedback (response to aggregator‘s signals). Comparing actual results with those previously acquired is expected provide a better knowledge of the consumer. 3.2.1.3



Activating consumers flexibility



Regarding the capabilities of aggregators to activate consumers’ flexibility through the sending of signals, a first classification can be done according to signal types and requirements: -



Power volume signals: they mainly concern active power, but for consumers with embedded generation in their premises, reactive power signals could also be considered (aiming to contribute to voltage regulation).



-



Price signals for the remuneration of the flexibility requested. Price can be considered an incentive used by the energy box for weighting requests and carrying out the energy optimisation in the house. Price leads to a better understanding of the impact on the consumer bill (prices sent are the ones later used for remuneration or invoicing). Prices can be used in relation with modification of the consumption (load increase or decrease) or in association with a volume limit in order to enforce restrictions, e.g. not exceeding a limit.



The contents of the signals is discussed in more detail in Appendix F. Aggregators, as a gateway to consumers for their consumption flexibility, will interact with them through the Energy Box in a bi-directional way through an appropriate communication infrastructure. Different possibilities might be envisaged depending communication infrastructures that may already exist or are being developed and on the regulatory context, for example: -



Use of existing communication infrastructures such as internet or communication networks.



-



Development of new, maybe dedicated, communication infrastructures by the aggregator or third parties.



17



The aggregator should analyse if it is worthwhile to work with a large set of standard contracts, or if this business requires to individualise almost each contract to adapt to each particular consumer behaviour.
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-



Communication service provided by the DSO using its own infrastructure or even the metering infrastructure.



In the same way, it might be envisaged to use the possibilities offered by the advanced meters that will be deployed but this will depend on the functions implemented in the meters and again for a large part on the regulatory context. Figure 12 depicts possible relationships between aggregators, DSO, Energy Box and the meter.



Aggregator TSO Web Portal



Retailer



1 DSO



Metering(DSO or independent)



SubstationMV / LV



2 Energy Box A?



Data Concentrator



Fusebox



2



B?



Direct & Indirect relationships between aggregators and consumers Information messages Relationships between Energy box and appliances Relationships between metering equipment and energy box



Figure 12. Possible relationships between Energy box and other equipment/players Figure 12 shows that exchanges of information between the aggregators and the consumers may be achieved in different ways: -



Direct link with consumer’s Energy Box: the information coming from the aggregator will be sent directly to the energy box.



-



Link through metering equipment and/or DSO infrastructure: the metering company operates a communication infrastructure that reach the meter. Such an infrastructure could be used to reach the Energy Box through the meter and convey the messages between the aggregator and its consumers.



These issues of the communication architecture and infrastructure will be studied in detail later in other Work Packages of the project and in particular WP4 which deals with the communication architecture and infrastructure to put in place for AD and WP2 which deals with the Energy Box and its relationship with the aggregator and the meter (see Appendix B).



3.2.2.



Management of the energy payback effect



As described in Section 2.2, at the end of the control action (carried out to provide demand flexibility) a energy payback effect may occur. Depending on the pieces of equipment used in the provision of
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demand flexibility, this effect may appear directly after the end of the action or later, for instance it may occur several hours later. Depending of its size and shape (amount of power and energy involved), the energy payback effect may have adverse consequences on the electricity system and the affected players. For instance, it may cause: -



load and power flow increases on the networks with a risk of overload and congestion. The affected players are the DSOs and even the TSOs in severe cases.



-



Imbalances between generation and consumption with economic consequences (penalties,etc) and technical consequences (frequency drop or increase, possible impacts on system stability, use of the power reserves, start up of generating units, ...). The affected players are: o



from the economic point of view: the BRPs, retailers, … and TSOs, depending on the market structure and the regulatory framework,



o



from the technical point of view: the TSOs, the producers, … and maybe even all the players in extreme (and hopefully almost improbable) cases of blackouts;



-



depending on the case increase of energy consumption of the consumers and increase of their energy bills. The affected players are: the consumers (and the retailers).



-



impacts on market prices (unexpected increase or decrease). The affected players are the participants on the affected markets.



It is thus important to limit or manage this effect and for instance avoid the possible power demand increase at consumers’ premises as soon as the action ends. To this purpose different possibilities may be considered. In particular control actions may be carried out at three levels: -



at the level of the Energy Box through the control of the appliances and possibly present embedded DG and storage at the consumers’ premises,



-



at the level of the aggregators through signals sent to the consumers who have participated in the delivery of the AD products,



-



at the level of the other electricity system players.



The Energy Box should have the knowledge of the pieces of equipment which participated in the AD flexibility provision and probably also of the status of the other appliances and DER in the house. Therefore specific strategies could be implemented in the Energy Box to limit the energy payback effect at the level of the house and to carry out control actions on the controllable equipment taking into account this information, the signals sent by the aggregators, and its own internal technical and economic optimisation criteria. Note that the action of the Energy Box to limit the payback is limited to the local level (level of the house or the building). The aggregator will act at a more aggregated level, namely at the level of its portfolio of consumers. Indeed the action of the aggregator to mitigate the payback effect: -



will most probably concern the consumers who participated in the AD provision,



-



may also concern other consumers in the portfolio depending on the knowledge that the aggregator has on these consumers, for instance on the location of the consumers on the networks and type of controllable equipment they have.



The aggregator will act through the price and volume signals it sends to the consumers. Different possibilities will have to be combined: -



anticipation of the AD products delivery, for instance in the case of an AD product implying a load
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decrease, send a signal to consumers to increase the consumption in a given time period before the planned delivery (load reduction); -



limitation of the payback effect directly after the end of the delivery by sending a signal to consumers to counteract the possible load increase or decrease to a certain extent and at least to meet the requirements that may be specified by the buyer of the AD product in the request (see the templates of Figure 6 and Table 8).



-



Control of the payback effect on a longer term by sending signals to consumers to “smooth” or distribute the energy consumption recovery on a longer period of time in order to avoid significant load increase or decrease at unexpected times maybe hours after the products delivery.



All these actions require a good knowledge of the consumers both in terms of their consumption behaviour, of the characteristics of their equipment and of the strategies that may be implemented in the Energy Box (in particular if these strategies deal locally with the management of the energy payback effect). The strategies to manage the payback effect both at the level of the Energy Box and of the aggregator will be studied in detail in WP2 which deals with the Energy Box and the aggregator (see Appendix B). The others players have the possibility to specify requirements on the limitation of the energy payback effect in their AD product requests when they are the buyers of those products. This has already been discussed in the previous section (see the templates of Figure 6 and Table 8 in Section 2.2.2). Clauses may also be specified in the contract negotiated between the buyer and the aggregator. At a higher level, minimum requirements may be defined by the regulation or the market rules. It will then be the responsibility of the aggregators and other players to comply with these rules. The management of energy payback effect in the regulation, the market mechanism and the contractual structures will be studied in detail in WP5 (see Appendix B). Regarding regulated players (DSOs and TSOs), another more specific measure will be studied (in other WPs). It can be envisaged that for the technical validation of the AD product delivery, the aggregator may provide the DSO information on the expected energy payback effect that may occur (after mitigation) due to the AD actions it will perform. The DSO and TSO can then verify if the payback causes any problem and inform consequently the aggregator. In their answer to the aggregator, the DSO and TSO may also specify the limits on the payback effect that may not be exceeded. The aggregator will then be in charge to minimize its payback to meet the requirements. In a similar way to the delivery of the AD service itself, the energy payback effect will probably have to be assessed and/or measured. In this case, the reference (base load or base demand) used for such an assessment should be clearly defined. As for the AD product itself, different possibilities may exist (see Section 3.2.3 below).



3.2.3.



Measurement/monitoring of AD service delivery



As already mentioned the monitoring and measurement of AD service delivery involves two aspects: - the performance assessment of the AD product delivery by the aggregator to the buyer, - the measurement of consumers’ response to the requests of the aggregator. This subsection discusses both aspects. However note that performance assessment requires the definition of a reference with respect to which the performance will be measured. Therefore the first subsection below starts with the issue of the definition of reference consumption curves or values.
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3.2.3.1



Consumption reference for the assessment of services provided by aggregators



Regarding the assessment of the service provided by aggregators to other participants it is reasonable to assume that “any service provided by an aggregator will be assessed by the other party involved in the service” (the buyer) and depending on the type of AD services maybe also by other participants such as the TSO for instance (if the service has an impact on balancing mechanism). This means that the information used for service assessment will be shared among different participants. Therefore there is a need for common references on which the assessment will be based. For instance, if the aggregator has delivered an AD product at a given time (a SRP, CRP or CRP-2 product), this should lead to a modification in the consumption (increase or decrease) that will be assessed with respect to a common reference consumption curve. This reference consumption must be clearly defined and known by the players. Considering previous analysis done dealing with markets, a rule or a set of rules should be stated for determining the reference consumption and it might vary from one country to another. The main alternatives are: -



to use gate closure commitments,



-



to consider sample references based in consumer classification and clear rules set by regulators,



-



to consider historical consumers data (day before, profiles) or,



-



for specific cases, to let regulated players to set them.



More specifically, six possibilities are considered to define the reference consumption curve: -



The reference may be based on a forecast established by the aggregator or by the buyer of the AD service, provided this forecast is known in advance and agreed upon by the players involved.



-



It can be derived in some way from the reference energy consumption given by the retailer to the TSO or BRP (this position, called final physical notification in UK is the one used nowadays by the system operator for technical validation).



-



There may be some stated reference consumer curves based either on officially approved values (corresponding to some classification of consumers) or better on samples of consumers being used as a reference (“control group” of consumers).



-



The reference curve may be given on each service request and depend on the specific need of the buyer. It will be used for the later assessment. For instance it may consist in a limiting curve with either a upper (don’t consume more than that) or a lower limit (don’t generate less than that or don’t consume less than that) or even as a reference value based on which the aggregator will later compute deviations. In this later case, the request to the consumer may be more complicated but it gives a clear definition of the request.



-



The reference may be given by the consumer profile previous to the request. Based on the consumer status at the time of the request the aggregator could evaluate if the consumer followed a request and at what degree it was done.



-



The reference may also be the “zero” or no consumption (“zero reference”). In that case the request to the aggregator will concern the load profile itself and not a modification of the load profile. This thus appear as an alternative product to those standard products already defined in ADDRESS. One of the a priori advantages of such an approach is that no previous consumption reference point seems to be needed. Further specific studies in ADDRESS project will consider the need for such an alternative.



Additionally a challenge for the reference definition and further the performance assessment with respect to this reference might come when a location condition exists on the AD products and/or the number of consumers is small.
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Depending on the case (the country, the regulatory framework, the AD services, etc.) it may be envisaged that the reference curve or the way to obtain it will be included in the clauses of the contract between the aggregator and the AD product buyer and/or that it will be specified by the regulation or the market rules. Note that for the same need the reference curve will depend on the way the request of the buyer is formulated. For instance, Figure 13 and Figure 14 show the difference between a product request based on “increments” or modifications of the load profile and a request based on the load profile itself. In the first case the reference should be basis on the forecasted load curve and the performance will be assessed in terms of the load reduction (see Figure 13). In the second case, the reference is the “zero reference” and the performance will be assessed in terms of the load profile itself. The aggregator performance assessment in these cases could vary depending on contractual conditions. For instance it could be considered that the requested/supplied power curve shape provided means the “limit” on the consumption (upper limit) or on the generation (lower limit), or even on both. It could be considered to be followed if the limits are not over passed, or it could even be considered partial fulfilments depending on the consumption with regard to the given reference. Forecasted S.O. Curve at a node with 200 consumers



Aggregator A Estimated: 110 kW Flex capacity: 30 kW Offered: 30 kW



Estimated: 200 kW Objective: 150 kW Request: 50 kW



Aggregator B



Estimated: 110 kW Flex capacity: 30 kW Offered: 20 kW



Figure 13. Request for a service by a DSO based on increments/modifications
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Forecasted N.O. Curve at a node with 200 consumers



Aggregator A Estimated: 110 kW Flex capacity: 30 kW Offered: 30 kW



Estimated: 200 kW Objective: 150kW Request: A: Limit to 80 kW B: Limit to 90 kW



Achievement?



Aggregator B



Estimated: 110 kW Flex capacity: 30 kW Offered: 20 kW



Achievement?



Figure 14. Request for a service by a DSO based on “zero reference” or volume limits 3.2.3.2



Measurement/monitoring of AD product delivery by the aggregator



The general technical prerequisite for AD development includes: -



the implementation of smart meters,



-



an appropriate communication infrastructure,



-



standardization of the required communication channels.



Some of them are directly related to monitoring and verification of each individual consumer response. It can be assumed that the players buying AD services from aggregators are interested in monitoring and verifying in some way not single consumers response but rather how the service has been delivered by aggregators. And in some cases, it should be verified that the service has been delivered in the part of the network where the service was requested, which may be more or less localized. The meter is and will probably still be the certified equipment for collecting consumer’s behaviour. Then it might be straightforward to leave the metering service also for AD initiatives to the metering service company or to the distribution companies which are responsible for the metering service in many countries. This would imply the widespread implementation of smart meters with a high frequency measurement (e.g. 15 min), favoured by an adequate regulatory design with specifications of minimum requirements for the metering service (e.g. minimum measurement frequency). Besides that, an appropriate data acquisition infrastructure and the possibility to record a large amount of data in the central server/database are crucial. As said above, since the AD service is bought from aggregators, verification has to be made at the aggregator level and thus the consumer’s response has to be summed up in order to figure out the “aggregated” response. Furthermore, as some services have a certain need to be localized, accurate and reliable network topology information sharing between DSOs and aggregators is essential. In fact, for such services it



Copyright ADDRESS project



page 70 of 129



ADDRESS Technical and Commercial Conceptual Architectures - Core document ADD-WP1-T1.5-DEL-EDF-D1.1-Technical_and_Commercial_Architectures Revision 1.0



is not enough that aggregators respond correctly with respect to the amount of power to be reduced or increased but it is fundamental that the power re-profiling has been applied to the right area of the network. However, even if the metering system is able to transmit data to the central server/database more frequently (e.g. every quarter of an hour), the amount of data to be communicated and processed will be so large that the cost for communication and processing equipment may be uneconomical. A way to limit the amount of data transmitted and processed is to enable the higher frequency data acquisition only a bit before, during and after AD service delivery and let the metering system work normally (as it works for billing purposes) where there is no AD participation. An alternative approach could be that the Energy Boxes would be equipped with an extra meter, which would be able to acquire, internally process and store data with a sufficient frequency and work only a short time before (e.g. one hour before), during and a short time after (e.g. again one hour) the AD service delivery, so that consumer response could be verified with some degree of accuracy. This would probably bring an additional initial cost, which might be needed to compensated by regulatory initiatives depending of the player who will own the Energy Box (for instance if it belongs to the consumer). We can assume that the solution that will be adopted for the monitoring and verification of AD service delivery and consumer’s response will depend greatly on the regulatory framework in the same way as the deployment of smart meters already does. These issues will be further studied in the other WPs and more specifically: -



the technical aspects of the monitoring and verification and the features and interaction of the meter and the Energy Box in WP2



-



the required communication architecture and infrastructure in WP4



-



the regulatory and market aspects in WP5.



3.2.3.3



Measuring consumers response and behaviour



An aggregator needs to be reported on the behaviour of its consumers through a number of signals. As discussed earlier signals for measuring consumer behaviour may be collected through the metering equipment, directly through the Energy Box or through other participants. In a more general way, the relationship between the aggregator and its consumers will be based on a number of defined messages regarding requests to the Energy Box, which are further described in Appendix F. Aggregators will cross check these messages and responses from consumers with metering data as well. Examples of alternatives depending on the message request type are given in the following: 1. Response yes or no For the requests which can be evaluated by a binary answer. This type of information can be sent before, during or after the delivery time. -



Before: If for some reason, a consumer knows that it will not be able to fulfil a request, the Energy Box should send this information back to the aggregator as soon as possible so that the aggregator can evaluate if further requests are needed.



-



During: Depending on the duration of the request and the communication capabilities (delays) an aggregator might tune its requests based on the evolution of the response from its consumers.



-



After: Once the delivery is over, aggregators will collect consumer responses so that it can be
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used to improve the aggregator’s knowledge of its consumers and maybe for re-classifying consumers, as well as for the settlement processes. 2. Historical data as a response: This includes consumer load curves retrieved from the metering equipment or directly from the Energy Box (see the discussion in the previous subsection) and other specific information, for instance on average/maximum values of power, which could be recorded when a service is requested and later sent to the aggregator. This type of consumer response information may also be used to improve the aggregator’s knowledge of its consumers and for instance for consumer reclassification by tuning specific consumer parameters the aggregator might have, as well as the assignment of a new prototype load curve to be used in further requests (if this approach is adopted by the aggregator to characterize the consumers in its portfolio).



3.2.4.



Participation of aggregators in organised markets



With reference to organized markets, AD will very likely be part in some way of existing markets but we can also envisage that new types of markets (e.g. “flexibility” markets) might develop around AD products and other types of “flexibility” products that may provide the same functions. Aggregators could participate in either existing markets or new possible ones that may arise to take advantage of the AD services. There are mainly two kinds of existing markets: -



Energy markets: (from long to short term including the energy day-ahead power exchange), where aggregators could find some advantage of participating in them.



-



Ancillary service based markets activated after the gate closure to deal with balancing mechanisms, tertiary reserve or power flow control related to network congestions., Aggregators are expected to take part in this type of markets, bringing the added value of their consumers demand flexibility.



Due to the fact that only some of the AD services required by regulated and deregulated players and provided by aggregators can be traded in existing organized markets, new markets structures and new specific tenders might be launched either by the TSOs, the DSOs, market operators, or any of the deregulated players. These possibilities are explored in more detail in Appendix F and will be further studied in WP5.



3.3. Internal activities of the aggregator Recalling Figure 11, the activities of an aggregator include: -



Managing its relationship with its consumers and their Energy boxes, which has been discussed in Subsection 3.2.1.



-



Managing its relationships with other (regulated and deregulated) players and its participation in markets, which has been discussed in Section 2 previously and in Subsections 3.2.2 and 3.2.4 above.



-



Performance assessment of consumers response and of AD service delivery, discussed in Subsection 3.2.3 above.



-



The aggregator’s strategy which is considered now in this subsection and involves: o o



building portfolios for purchases (consumers) and sales (AD clients), operative decisions,
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o



risk management at all levels.



Building a portfolio of purchases or in other words of consumers has already been considered in Subsection 3.2.1 and will not be repeated here.



3.3.1.



Building a portfolio of AD clients and AD sales opportunities



This section is related to building a portfolio of AD services’ clients. Aggregators will have to sell the AD services they have acquired from the customers, either through bilateral agreements with AD services users (regulated and deregulated players) or taking part in the appropriate markets. A medium-long term decision-making process should be performed to optimise this portfolio taking into account different aspects as schematically illustrated on Figure 15. Most of the contents of this subsection has already been described previously in other parts of this document. However it appears useful to recall them all here in order to give an overall and consistent description of the activities involved in the building and management of a portfolio of AD buyers and sales opportunities by an aggregator.



Figure 15. Optimisation of AD clients portfolio



The main actions and activities related to this functionality are: - Knowledge of different AD selling mechanisms (organised markets, OTC markets, bilateral agreements, ....). this will imply a continuous learning process. - Forecast of prices in those markets where AD services may be sold. - Forecast of penalizations for failing providing the flexibility committed18. - Forecast of volumes of AD services requested or being able to be sold. - Technical requirements for data communication, etc. The aggregator would have to perform a proper analysis, based on its consumer’s flexibility portfolio in order to properly set its contractual commitments with TSOs, DSOs and the deregulated players. It will 18



For instance in some countries on the exchange, balancing and regulation markets, the financial risk of not being able to provide as agreed will cause an imbalance fee in accordance to the present up- or down-regulation price. In other cases “penalties for non-delivery” will most likely be a contractual matter.
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need to evaluate issues such as for instance: -



The conditions proposed by the SOs or the deregulated players compared to other possible ways to sell its services (other players, markets, ...) in order to maximise the profits.



-



The matching of its portfolio of consumers’ flexibilities with the portfolio of contractual arrangements committed.



-



The risks assumed by the potential mismatches due to future switching of consumers, or the noncompliances of the consumers’ with the load modification when required.



-



Handling of the energy payback effect depending on whether the buyer of flexibility sell aggregator back this energy, or will the aggregator buy it e.g. from electricity exchange, if such market is open.



Conditions for AD actions may be decided in cooperation between aggregator and DSO/TSO. Also requirements/pre-qualification for participating in bidding procedures for some services may be part of these agreements. From these activities it should be expected that the aggregator makes: -



Strategic decision on the volume of AD services committed in the long term with each kind of players, based on the aggregator’s portfolio of consumers, on the risk management strategy and on the knowledge of the added value of AD services to each player and each related market.



-



Strategic decision on the volume of AD services committed to be operated in the available shortterm markets.



-



A set of bilateral agreements (contracts) signed up with regulated and deregulated players. These could take the form of service characterization template.



As already discussed, the relation between aggregators and the other players could take place in different ways: organized markets (power exchange) and bilateral contracts (over the counter market). In case of coexistence of the two different scenarios, it is appropriate to have rules to cope with conflicts among products coming from both scenarios. Location of the service might be a requirement of regulated players. Additionally, no matter who is the buyer, verification will require some location information as well (for instance for technical validation by DSO/TSO or imbalance settlement purposes). Mainly three ways of specifying active consumer's location in the network have been defined in Section 2.2.3. Depending on the approach implemented, the aggregators will collect and group their consumers according to their location information and will have to take their consumers location information into account in the building and optimisation of their portfolio of AD clients (inappropriate location may be a cause of mismatches for AD service delivery). In Appendix F these considerations are further analysed and discussed in more detail.



3.3.2.



Operative decisions



Aggregators will have to base their operative decisions on a strong effort on forecasting: -



consumption forecasting,



-



load flexibility forecasting (either for their portfolio of consumers to predict potential flexibility related behaviours and for the overall system to help predicting prices),



-



price forecasting and



-



intermittent generation output forecasting.



A deep and comprehensive understanding of the performance of these variables will be required to make sensitive operative decisions. These decisions will consist of:
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-



setting up a set of offers (to organised markets or bilateral agreements) to provide the AD services at the maximum benefit for the aggregator (and thereof for the consumer), and



-



administering the orders coming from the commitments previously agreed and in particular this implies activating consumers’ flexibility in order to provide the requested AD products.



More specifically, given a portfolio of active customers with valid contracts, and a portfolio of bilateral contracts with regulated and deregulated market participants, and access to different markets, as well as all abovementioned forecasts, the aggregator has to decide how to operate the portfolio of active customers to maximize its profits and produce savings to the customers. In addition to producing the offers the aggregator must: -



Observe orders arriving from parties involved in bilateral contracts and results from clearing of markets, and aggregate these according to geographical area when required.



-



Receive information from consumer Energy Boxes and/or receive load modification forecasts as function of time from Energy Boxes when price profiles are fed as input as well as consumers metering information.



-



Calculate bids (purchase price for flexibility) or other activation signals to be sent to consumer Energy Boxes on time according to the consumer contracts.



-



Analyse consumers’ response to request based on metering and service response reports from consumers (this might consist on a number of variables such as average or maximum active/reactive power, voltage or current over time). This information will be used for understanding consumers and fine-tuning their clustering assignment, parameters, and in general improving relationship with consumers as well as for performing the consumers’ assessment.



Or in short it should be expected the aggregator to achieve: -



The set of on-line decisions that better fulfils the contractual agreements and that maximises aggregators’ profits.



-



The set of bids to be delivered to each market. Provisions for management of bid acceptance from each market.



-



The set of signals (volume, price, notification for acquiescence, etc.) to be delivered to those consumers that required them according to their contractual arrangements.



In order to achieve this, the aggregator must face and proposes an efficient system for structuring the information and the decisions. Figure 16 schematically shows a possible structure for such a system. Operative decisions of the aggregators are further detailed in Appendix F and will be studied in WP2.
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Figure 16. Possible structure for the inputs and outputs of the aggregation scheduling and trading optimisation system



3.3.3.



Risk Management



In its role of enabler of Active Demand, the aggregator is facing a wide array of uncertainties. These range from difficult-to-predict consumer price rates of response (an uncertain primary resource) to end product selling prices (SRP, CRP). The relative likelihood and consequences of adverse conditions for aggregators should put significant strain on the aggregator’s business in the form of risk. In fact, it is believed at this early stage of the project that sound risk management will be at the heart of the aggregator’s short to long-term strategies. This statement gains even more weight when we consider
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that this is a fairly new business with a lack of experience in measuring it and understanding the effort needed for the mitigation procedures. However, it is believed that the regulation and business design must ensure that the risks will be allocated to the most appropriate agents to manage them. Aggregators will have to face several types of risks: settlement risks, price risks, market liquidity risks, credit risks, technical risk, control operational risks, regulatory risks, … These risks and mitigation strategies will be further studied in the project in WP2 and WP5. There are three primary classes of risks: -



Market risk: potential earnings or value loss due to adverse movements in market prices or conditions for aggregator-based flexibility products (SRP and CRP). We note as well that market risk for the aggregator is correlated to exposures in other markets (especially energy and ancillary services), interest rates, bandwidth markets, etc. Price and volume risks are examples of market risks.



-



Credit risk: risk that financial loss will result from the failure of a counter party of the aggregator to perform a financial transaction according to the terms and conditions of its contract. In the case of the aggregator, that would mean having a buyer of an Active Demand product default on the payment for that product



-



Operational risk: deviation from an expected or planned level. This associated loss is due to: o



Business risk: risk arising from changes in business and technical conditions (it thus includes technical risks). Short term: e.g. AD service cannot be executed in the final minutes due to potential network violations or the aggregator is enable to get from its consumers a flexibility of exactly the same nature of the one required by AD markets. Similarly, requirements on energy payback effect, due to its high dependency on equipment, might be so challenging for aggregators that they might reject any commitment to be complied. Long term: e.g. people are less interested in AD, large-scale economical energy storage takes off (i.e. threat of alternatives) or the aggregator has not correctly estimated the potential flexibility of the customers (e.g. whether it is profitable to install the equipment to a specific customer).



o



Event risks: risk arising from one-off situations affecting the running of the aggregator (e.g. regulatory change, natural disasters, energy box and communication failures, human error, etc.).



In order to protect against market, credit and operational risks, aggregators should evaluate their upstream (on the markets) and downstream (with small consumers) transactions and businesses. Once the risk has been identified, the mitigation methodology will fall into one of the following two main types: mitigation for systematic risk and mitigation for specific risk. For both risks, mitigation measures are proposed for instance: portfolio diversification, good consumer characterization, long-term contracts, hedging contracts, direct load control agreements, ... -



Mitigation for systematic risk. Systematic risk represents the change in a transaction’s value correlated with the behaviour of the upstream and downstream market as a whole. Systematic risks can be hedged by standard financial instruments (obligations and options) and, in the case of the aggregator, it is most likely to mitigate it in the upstream markets. Systematic risk can be reduced or mitigated by entering into similar, but opposite positions in the
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market. For example, an aggregator has an inherent market risk exposure to falling prices for its products when moving closer to real time (e.g. cheaper electricity from central generation becoming available is an alternative to Active Demand products). It can reduce its exposure to potentially falling prices by entering into longer-term fixed price forward contracts, which lock in a fixed price for delivery at a future date (i.e. SRP). The main type of systematic risk, which is discussed in Appendix F, is Price Risk. -



Mitigation for specific risk. The second type of risk mitigation deals with the change in the transaction’s value not correlated with the behaviour of the upstream and downstream markets as a whole that is known as specific risk. The mitigation or reduction of specific risk can be achieved through: o Diversification of the portfolio (both up and downstream). o Contract language (specifying responsibilities in case of an event occurring). o Purchasing insurance. By way of contrast, specific risks do not have exact means of mitigation in the market. Three major sub-types of specific risks include: o



Regulatory Change - Formal changes that affect trading, including market deregulation, price controls changes, and cost recovery methods.



o



Force Majeure - Unexpected or uncontrollable events that prevent a contract from being fulfilled (hurricanes, severe storms knocking out transmission lines, ICT failures).



o



Technical Risk - The risk that Active Demand products will not be produced or transported to the agreed location as required in the contract. The aggregator is then exposed to the real time energy market or imbalance prices and must purchase replacement energy/product at prevailing market prices. Mitigation measures for technical risk are discussed in more detail in Appendix F.



Many specific risks exist in addition to the risks listed above. Additional definitions and ways to mitigate other common types of risk are found in Table 12.
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Table 12. List of risks and their mitigation Risk



Ways to Mitigate



Settlement Risk: An inexperienced aggregator may over/under-estimate demand response. This may result in over/under-paying active consumers for their performance. Under payment may result in consumers leaving the aggregator to join a more generous competitor. Over payment results in reduced margins and improper consumer incentivisation.



Aggregators may gain more accuracy in demand response through experience. Diversifying consumer type and number in the portfolio of active consumers managed may also decrease settlement risk.



Market Liquidity Risk: There may not be enough market demand for Active Demand products so a transaction will not be able to be resold or products be bought to mitigate any given exposure. Market Liquidity Risk is commonly measured by the narrowness of the bid-ask spread (the more narrow the spread, the higher the liquidity – or volume of deals).



Aggregators may trade around their physical assets (e.g., energy boxes and communication infrastructures). Having long-lived physical assets can offset the risks of relying solely on market participants. High discounts can also be priced into transactions with AD to mitigate the impact of potential future losses from entering into these riskier, more illiquid, transactions.



Credit/ Counterparty Risk: Chance that a counterparty may breach, credit default or bankruptcy, causing them to not fulfil their obligations.



Based on net receivables over the deal term and probability of default, one can apply internal credit reserves to the deal.



Swing Risk: The aggregator faces price risk should there be a large deviation in the expected demand response performance.



Enter into hedges with a physical counterparty (e.g. a pump storage hydro) that is willing to “offset” the aggregator’s position. E.g. an aggregator is expected to deliver 1 MW of demand reduction during a specific period. It may enter a hedge with a counterparty, which must buy any surplus demand reduction (e.g. above 1.3 MW) and sell energy to cover the aggregator’s deficit in demand reduction (e.g. below 0.7 MW) at pre-specified prices.



Operational Control Risk: Risk that a person, process, or system will not perform according to specifications or policies.



Aggregators must have comprehensive risk management standards, policies and procedures in place to promote understanding of and adherence to firm policies. Adherence to the policies needs to be regularly monitored by audit functions and weaknesses reported to senior management immediately.



Regulatory Risk: Risk that regulatory changes will alter the scope or exposure of transactions in place.



There is no precise hedge to offset legislative risk. Firm Physical Agreement contract language can be written to grant the affected party early termination. In addition, up-to-date information on the regulatory and legislative environment is necessary to understand these risks.
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3.4. Aggregators versus retailers Several discussions have been raised when studying aggregator’s functionalities regarding their relationship with the retailers. These two players are the ones, which interact with consumers, one selling and buying energy, the other selling and buying flexibility. Both need to know a lot about consumers, receive their consumption information, interact with them and assess any request they might have sent to them. Regarding internal functionalities, their optimisation objectives are different, but as reflected in the studies, some of them have a lot in common for both participants. Several benefits have been identified in the case aggregators are retailers. Some are listed below. -



With respect to consumers relationship: The relationship with consumers becomes simpler. The aggregator-retailer association improves the knowledge about the energy consumption of the consumer, because it covers both consumers energy demand and their flexibility. Consumer profiles, forecasts and interaction with consumers would benefit from this combination. The single player aggregator-retailer is able to adapt energy price offers according to the behaviour of consumers during the day, and at the same time to gather their flexibility to offer to the market actual solutions to decrease/increase the whole energy consumption. Signals for flexibility and energy regarding both price and volume can be mixed for the benefit of the single player without the need for splitting consequences between two players (aggregator and retailer). The infrastructure is used for both functionalities by the single player (access to Energy Box and metering data). Additionally consumers will not receive any more signals from two players, which could be in conflict in some cases Further, consumers in this case will have only one contractual relationship for both energy and flexibility.



-



With respect to markets and reference curve/value for assessment of aggregators service performance Most of the difficulties identified when the aggregator is not the retailer disappear (see Section 2.4 and Appendix E). The retailer-aggregator could participate in any of the existing markets before and after the gate closure. Indeed for instance the aggregator-retailer would be able to participate in the energy markets (besides the ancillary markets and other future “flexibility” markets) in a straightforward way (both for ensuring the energy supply of consumers and making use of their flexibility). The aggregator-retailer could provide its consumers with lower electricity prices making use of their flexibility and allocating their consumption when prices are low Regarding the consumption reference curve/value no additional reference point might be required because the aggregator-retailer will try to close a position at the gate closure that maximises its profits taking into account all the consumption flexibilities resources (amount and cost) it can manage. Therefore its AD service performance may be measured comparing its position at the gate closure with its actual consumption (at the aggregated level)..



-



With respect to operative decisions: A single combined player will forecast loads and flexibility avoiding duplicities between the two players. The aggregator-retailer will optimise his profit combining energy and flexibility signals both in the markets and with respect to its consumers. AD products will easily be integrated in all markets in which retailers are already participating nowadays.
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-



Regarding monitoring of consumers response The flexibility can be considered as energy at different base loads with different prices changing along time. Regarding recording of measurements for the assessment, no big difference exists. Information will be sent to the aggregator-retailer (formerly only to aggregator) but the reporting of metering information will only be sent to one (the combined player) and not to two players (both aggregator and retailer).



3.5. Consumers’ flexibility This section describes the main findings related to customers’ flexibility and the investigations on the capabilities and potentials in terms of flexibility and service provision of distributed energy resources (DER) including loads, DG, RES and energy storage installed at consumers’ premises.



3.5.1.



DG, RES and storage technologies at consumers’ premises



Regarding DG, RES and storage systems, the technologies that have been considered are those, which can be applied at consumers’ premises and connected to low-voltage networks. Analysed technologies include: - Electricity generation technologies. - Electrical energy storages. - Heat/cool storages and solar heat connected to heat storages. - Plug-in vehicles at consumers considered as electricity users, generators and storage. 3.5.1.1



DG and RES



Typically household cogeneration systems require high availability, often with periods of continuous operation, in order to be able to be considered useful. Factors such as malfunctions involving unforeseen maintenance costs reduce the advantages of such systems. Thus, while the CHP systems with internal combustion engines meet household’s needs and are already widely available on the market, with benefits and costs well-established, the micro-turbine systems and Stirling engines need further studies in order to make them more suitable for market’s requirements. The fuel cell systems are, however, in a large part, still at the prototype stage and have yet to complete testing on experimental facilities. On the other hand, with respect to their potential in terms of efficiency, noise and low emissions, the Stirling engine systems and Fuel Cell are considered the solutions of the future for domestic users. The costs of these systems are indicative of their current trading condition, but the forecasts for the next five years show a significant reduction due to their entry to the mass markets. It is possible for CHP systems to integrate active demand functions; however this is restricted due to several issues. To obtain a so defined high efficient CHP system, the use of the produced heat is crucial. Also, generally, micro and small-scale CHP units show weak partial load efficiency. Both facts lead to base load role for CHP with between 4000 and 7000 operational hours per year. This results into a low level of active demand functions. Compatibly with thermal production process constraints and with load reduction capability services can range from peak shaving to tertiary reserve and voltage regulation, up to support in islanded conditions.
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Regarding generation systems from renewable energy sources (PV and Small Wind), it is evident that they are not dispatchable; their availability and flexibility is closely linked to the capability of coupling them with storage systems. Current technologies do not generally allow generators based on renewable sources like sun or wind to deliver ancillary services. However, in the case of power electronic interface to the grid, a fourquadrant inverter could be adopted to contribute to voltage regulation and power quality in the distribution system. Due to the strong stochastic nature of this type of renewable energy, integrating active demand functions is possible only in the cases in which energy storage is included. Therefore heat and perhaps electricity storage becomes of higher importance for active demand function integration. 3.5.1.2



Status of energy storages at consumer level



Energy storages have a key role for an efficient distributed energy management. Most of the problems in power quality, distribution reliability and peak power management can be solved with energy storage devices. They give new possibilities for demand side management, and for consumer level energy cost control. Cost effective, smart energy storages give potential for building energy management especially when they are used in combined heat and power (CHP) production systems such as fuel cells and micro turbines. Energy storages give also possibilities to manage uncontrollable power production in renewable energy generation systems such as photovoltaic and wind power systems. Finally, uninterruptible power delivery can be essential even in single family houses for example when they are used as a home office with computer systems or if they have critical medical equipment as may be more common in the near future. Energy storage systems in residential applications include the storage systems that provide electric power output: electricity to electricity storages like capacitors or super-capacitors, mechanical power to electricity storages like flywheels, electrochemical storages such as batteries and flow batteries. Super (ultra) capacitors and flywheels can provide fast power response needed for distribution line stability and power quality (reactive power and voltage control, fault current limitation) support. Flow batteries like vanadium redox batteries can fulfil variable power and energy demands. Batteries, flywheels and capacitors are suitable for energy management, peak shaving and for mobile power applications. Thermal energy storages are used in heating and cooling systems. Thermal energy can be stored as sensible heat, latent heat and chemical energy. They can also provide ancillary type reserve services for local and district thermal energy production systems. Advanced thermal energy systems for heating and cooling provide possibilities to integrate active demand functions. The use of energy storages is pushed by increased demand for energy efficiency, reduction of CO2 and other emissions and increased exploitation of the renewable resources like solar power. Anyway, most of the technologies in use today are still under intensive research and development. In the project a comparison between the various technologies was carried out in terms of the most important technological characteristics. The comparison shows that each storage technology is different in terms of its network application, and energy storage scale. In order to achieve optimum results, the specifications of the storage device have to be studied accurately, before the final storage type selection.
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The current storage costs are still high. The electric energy lost in energy storage drives up the overall costs together with the required capital investment for the energy storage system. These costs will tend to decrease with increasing degree of market acceptance. 3.5.1.3



Plug-in Hybrid Vehicles as energy storage



The future perspectives of PHVEs are linked obviously to batteries development. At the moment, it seems that the best candidate for near future battery in electric vehicles is lithium battery. A distributed storage system based on PHEVs would be available when their share is increasing: these storages can participate to active demand strategies and contribute to optimisation of production and utilization curves. PV panels or other renewable sources based generation systems can be used to produce electric energy for PHE vehicles, instead of employing grounds for biomass growing for bio-fuels.



3.5.2.



Consumers’ loads and their flexibility



A first broad classification of loads can be made according to their capability to be shifted or not. Shiftable loads are those that can consume at any point in time, whose total consumption of energy is independent from the period at which they do it but once started they have to complete their consumption cycle completely to achieve their function. An example of this kind of load is a washing machine. This flexibility can be used for planning their activation, for instance in low price periods or to avoid peak consumption periods. Non shiftable but curtailable loads are those loads that once interrupted, the energy that they were going to consume is saved and it can not be consumed at a later point in time. An example of this kind of load is a light. This flexibility can be used to reduce consumption in peak periods but it may have a direct relationship with the comfort of the user. More specific control types are described in the following paragraphs. Current appliances have different types of functioning conditions with different degrees of energy efficiency. This gives different consumption patterns which may be used to provide flexibility of use. Dishwashers are examples of this class of flexibility by incorporating different kind of operations like normal or ecological operation modes. The types of loads that are considered in this report are the ones corresponding to the residential sector and to the small commercial sector and have been identified as follows: - White Goods: o Washing machines. o Dish Washers. o Dryers. o Ovens. o Cookers. o Fridges/Freezers. - Air conditioners. - Water heater. - Heating systems. - Consumer Electronics: PCs, TVs, Music systems, etc. - Lighting. - Electric vehicles. - Other loads like pumps for subterranean water and irrigation, saunas… According to the analysis carried out, the following load types seem to be the most promising ones
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for their integration into Active Demand activities: -



Those loads with thermal inertia provide good characteristics for load curtailment or interruption, these loads include: air conditioning systems, space heating and water heating.



-



Within the white goods classification there are devices where load shifting or interruption can be applied without affecting too much the user’s comfort and behaviour, these loads include: washing machines, dryers and dishwashers.



-



Electric Vehicles could be also good candidates for Active Demand, even if the ADDRESS scope limits their use as loads.



Other load types such as fridges and lighting offer less capability to be controlled from the ADDRESS concept point of view; anyway, their use for specific control applications could be useful. In case of agricultural loads, their management could be useful in regions where they contribute significantly to electricity consumption. The rest of the loads are not considered good candidates for participating in Active Demand for different reasons. There are loads, which are not well suited for their control due to the discomfort on the users that the control actions carry on them, or because the control actions are very limited in the sense that their function is greatly affected by them, examples of these are cookers, ovens, and electronic appliances. Although these loads may be used for very brief interruptions – of the order of one or a few minute(s) – this is outside the scope of the ADDRESS project due to our definition of realtime response (see Subsection 1.2.2).



3.5.3.



Aggregated flexibility at consumer level



This section focuses on the knowledge of the aggregated profiles of consumers and the estimation of their flexibility or the part of their consumption that can contribute to the provision of services to other participants through aggregators. Consumers are analysed according to their monthly consumption on one side, and according to their hourly consumption on the other side, ending up with a classification of all the consumers The approach has been to group consumers into clusters with similar behaviour. These clusters will be used to identify consumers who are most suitable to manage their energy demand. The most detailed studies were carried out for Spain. In addition to that similar studies took place in two other European areas (Finland and North of Italy). As an example Figure 17 shows the hourly consumption prototypes (clusters) per season for working days obtained from the classification of consumers in Spain.
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Winter



Spring



Summer



Autumn



Figure 17. Seasonal working days prototypes (clusters) in Spain Additionally to the aggregated load profiles studies, an analysis of the different appliances that are present inside the homes has been done. It shows the level of penetration of each appliance in the houses and the time and profile of use of each one, yielding a hourly probability of use of each appliance in the house. This information will be linked with consumer profiles in order to identify the available flexibility or the share of consumption that can be manageable to provide AD. The objective is to end up with a description as detailed as possible of each consumer cluster. In such a way a flexibility indicator for each prototype has been designed in order to represent the manageable consumption per consumer. This indicator connects the hourly consumption to the energy per prototype and consumer that can be managed to provide flexibility as can be seen from Figure 18. It must be kept in mind that this indicator is built according to the probability of use of consumers’ appliances during the day. This probability of use is converted into energy and then summed up for each day, and then the hourly flexibility index is calculated proportionally to the hourly load per profile. For each prototype (see Figure 18) this flexibility indicator takes therefore a different value according to the probability of use and the hourly consumption.
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Figure 18. Manageable consumption (lower part of the curve in red) and unmanageable consumption (upper part of the curve in blue) per prototype in Spain – Summer (total consumption = red+blue)
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4. Process for the calculation of price and volume signals After -



Section 2 which has described the regulated and deregulated players taking part in the ADDRESS architecture, the AD services that can be provided to them and their interactions and the signals exchanged in relation to the service provision,



-



Section 3 which has described the aggregator (roles and functions, internal activities, risk management, …), its relationship with consumers and their Energy Boxes, and consumers’ flexibilities,



This section describes a process for the calculation of the price and volume signals based on an optimisation approach, which the various participants may use. As such it gives algorithms that may be implemented in the participants’ business processes. More specifically, this section first presents the general approach, along with the processes for the regulated and the deregulated players, and the rationale of the process. Then the optimisation formulations are given for both a SRP and a CRP products. Finally two examples of the application of the proposed calculation process are provided: one regarding a SRP for the Decentralized Producer and the other for a CRP for the Centralized Producer.



4.1. General approach Each player in the electricity system has his own stakes (or “fundamental needs” or “critical factors of success”). It gives relative importance to each one; in other words it gives them value. In order to meet the needs generated by its stakes, it is willing to spend effort and money. But the player generally has different alternatives: for instance it may invest in new assets, or change its operating procedures, or buy services, or do nothing and be willing to pay the associated fines for non-fulfilment of an obligation. In ADDRESS, we are supposing that active demand (AD) can meet some of the players’ needs, and that if a player (or group of players) has given to its need a value that is superior to the cost of an AD solution, it may be willing to implement it (or buy the corresponding service). But it is not certain that AD will be the best solution to answer a given need. In fact, the AD solution will be “in competition” with all other possible solutions and the choice will result from a comparison of both efficiency to meet the need and the cost of the different solutions. For each of the services or expectations/needs, evaluating: the cost of the other solutions that the player has at its hand and the expected economic gains or savings that the use of AD can bring will help to determine the price that the player is willing to pay for an AD service and therefore the price signals that will be exchanged. Of course the AD solution valuation process also has to take into account the technical characteristics (power, energy, time) as well as non-technical characteristics (communication, predictability, contracts, tariffs) of the needs because these cannot generally be dissociated from the economic aspects, since at least they have a direct or indirect impact on the cost of the solutions.
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4.1.1.



Process for regulated players DSO or TSO Player



Need A



Needs and technical requirements generated by Need A (MW, MWh, kV, Hz, sec, …)



Organized Markets



Active demand solution (s) meeting technical requirements for Need A



Other alternative solutions meeting technical requirements for Need A



Other solution Cost



AD solution Cost



AD solution Cost < Other Solution Cost



Go / Not Go



Figure 19. DSO/TSO Process



Figure 19 shows the basic process considered for regulated players. It involves the following main steps: 1. Identification of a need or of a problem by the DSO or TSO. 2. Characterisation of the need/problem and -



Determination of the technical requirements to meet the need or solve the problem, e.g. the volume of power needed which will be calculated using the tools of the DSO or TSO.



-



Identification of possible solutions which could be: o Network solution, e.g. modification of topology. o Active Demand Solution. o Other alternative solutions provided by the market, e.g. change of DER set point.



-



Calculation of the price the DSO/TSO will be willing to pay. The price will be calculated using an approach like the one proposed in Section 4.2.



3. Request for solutions on the market. These requests could be done in very different ways or type
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of “markets”: -



Through organised markets, such as tertiary reserve markets managed by the TSO or others new markets that will be created.



-



Through calls for tenders designed to provide the network operators (TSO and/or/together with DSO) with the services they need at required conditions (area, size,..).



These requests could be made according to different time horizons or negotiation gate closures (annual, day-ahead, hour-ahead, …) with also different activation and duration times of the services. 4. The DSO/TSO will probably receive at least two different answers from the market, AD solution and generation solution. 5. The DSO and the TSO check the technical feasibility of the received solutions. 6. Comparison of the cost of these solutions. 7. Make a decision.



4.1.2.



Process for deregulated players



Figure 20 shows a schematic representation of the optimisation process for the deregulated players. It is similar to the previous one, except that in the case of the deregulated players, economic profits are the main objectives of their activities. Therefore the decision that they will take will depend not only on the comparison of the costs of the different solutions but also on the consideration of the expected profits that these solutions can bring them.



Player 1 Needs and technical requirements generated by Stake A (MW, MWh, kV, Hz, sec, …)



Active Demand range of solutions



Other alternative solutions



Active Demand solution(s) meeting technical requirements for Stake A



Other solution(s) meeting technical requirements for Stake A



Cost of AD solution(s)



Cost of other solution(s)



Stake A



Value given by Player 1 to Stake A (avoided cost/added revenue)



Value > cost ? Go / No go Figure 20. Deregulated Players Process
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Basically, the process involves the following main steps: 1. Characterisation of the stake of the player 2. Determination of the specific needs along with the corresponding technical requirements (e.g. power volume, energy, duration, etc.) 3. Search for solutions that can meet the technical requirements among the whole set of possible solutions; AD being one type probably in competition with other possible solutions (e.g. DG-based solution). 4. Assess the costs of the retained solutions. 5. Assess the expected value or profit that the use of the solutions can bring with respect to the considered stake 6. Compare the cost with the expected value/profit for the retained solutions 7. Take a decision. This process is further detailed and expressed in terms of AD products (SRP and CRP) in Sections 4.2, 4.3 and 4.4.



4.2. Formulation of price and volume signals - Rationale of the process We consider the case of a market player that is contemplating to purchase an amount u of SRP AD product to satisfy a need at a given future time (i.e. to solve a technical or a commercial problem)19. This problem can be expressed as solving the system of inequalities



F (u, x) ≤ b for u, where x



represents a vector of the player’s state variables. That is, the player should find u to ensure that the equation is satisfied. The inequalities F (u , x) ≤ b can represent any number of conditions and requirements, which the player has to satisfy in solving its problem; in other words, it is a vector of constraints. Moreover, F (u , x) ≤ b models how the SRP product is transformed or used by the player to provide one of the AD services defined in Section 3 and Appendices C and D. Finding some u does not necessarily require any optimisation as the player may know how much it needs to meet its need from experience and field information. However, more realistically, the player should attempt to acquire the optimal amount of SRP, which would maximise its overall profits (and possibly also minimise its own risks). To do so, however, would require an exogenous price for the SRP product. In the absence of an exogenous price for the SRP, this becomes complicated. What the player has to do then is determine up to how much it would be willing to pay for a given amount of SRP, that is formulate its price and volume signals. The signals are indicators of the player’s willingness to pay and willingness to buy. In the actual markets, depending on the settlement rules, the player will earn a surplus in the event the clearing prices for the products are less than its bid prices. We will also see the importance of knowing well the potential benefits of flexibility products for the players. The benefits and their model are a key part of the valuation process. In what follows, in order to describe the general approach, we present a formulation of the decision problem faced by a certain market player. The possible algorithmic approaches to address the formulation are discussed in Appendix G. Here we underline that in our methodological approach, these two issues are distinct, though obviously closely related to each other. In fact, the first step defines the structure of the mathematical model representing the decision making process, i.e., an



19



This argument is for SRP, without loss of generality. A similar reasoning is applicable for CRP.
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optimisation model. The second step specifies how to actually solve the optimisation problem. For a given mathematical formulation (first point), several different algorithmic approaches can be used to deal with it (second point). These approaches can be very different in terms of computational efficiency, programming complexity, quality of the solution, etc. The choice of the most appropriate algorithm depends on several issues, including time constraints (how quickly should the algorithm provide a solution), the computational platform available, the required precision (how close to optimality are we satisfied with, given the time constraints), the structural properties of the player model [8].



4.3. Optimisation formulations for SRP The optimisation of the SRP procurement for some player can be stated as follows: min f ( u, x ) ≡ min[π u − B( u, x )]



(1)



Where π, u and B (u,x) are the cost and benefit of using the volume of SRP u, respectively. Specifically: •



π



Price of SRP, €/MW



•



u



Volume of SRP, MW



•



B(u,x)



Benefit of procuring the SRP, €. This benefit function includes the option of doing nothing u = 0 and should reflect the potential benefits of using other sources of flexibility.



Equation (1) is subject to a “generic” set of constraints, which states how the need or needs of the market player must be satisfied by the SRP.



F (u, x) ≤ b



(2)



We note at that stage that (2), is general enough to encompass requirements, which are modelled by equalities as well. This can be done using appropriate combined “greater than or equal to” and “less than or equal to” inequalities.



A first analysis of the optimisation problem by Lagrange method leads to the following:



∂B π= ∂u



⎛ ∂F ⎞ − ⎜ ⎟ λ ⎝ ∂u ⎠ T



(3)



Equation (3) states that at the optimum the price the player is willing to pay for the SRP product is



∂B adjusted by marginal penalties ∂u ⎞ ⎛ ⎛ ∂F ⎞ T imposed by its active technical and commercial constraints ⎜ − ⎜ λ ⎟ . It is worth noting that in ⎟ ⎜ ⎝ ∂u ⎠ ⎟ ⎝ ⎠ ∂B ) is not necessarily higher than π. theory, the marginal benefit of consuming the SRP (i.e. ∂u equal to the marginal value of player’s benefit from using the SRP



Equation (3) indicates what would be the theoretical maximum the player may be willing to pay for an
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SRP product. Obviously, that amount depends on the value of u, the desired SRP volume. Any price below for the given volume would be acceptable to the player. The SRP product is standardised so it can be provided by any other player, and not just by aggregators. Therefore, a market for SRP with a specific delivery time is made up of many suppliers with different offering prices for the same product. The problem in (1) and (2) is generally a non-linear constrained optimisation problem. From a mathematical viewpoint, it can turn out to be hard or easy to solve it depending on the specific shape and properties of functions B(u , x) and F (u , x) . In any case, in the literature general approaches to such problems have been largely studied. These include penalty methods and barrier methods. Penalty and barrier methods have complementary advantages and disadvantages. The best choice also depends on the specific functions. In particular, an example of an iterative approach is presented in Appendix G to solve the problem and find a pair [u, π ], i.e. a pair (volume, price), that optimises the objective function of the player while fulfilling the constraints. It is not unreasonable to see also that a given player may wish to “draw” an explicit relationship between its willingness to pay for an active demand product and its corresponding optimal volume. This process boils down essentially to computing the value of the following parametric optimisation problem [equivalent to (1) and (2)] over a specified range of prices



[



π ∈ π ,π



u * (π ) = arg min [πu − B(u , x) : F (u , x) ≤ b] Where the function u The pairs



*



].



(4)



(π ) corresponds to a map of the optimal product volume for a given price π .



(π , u (π )) can then be plotted to give a request curve. A example of such curve is given in *



Figure 21. We note that this may be the preferred way players may wish to attack AD product procurement because of the visual aspect of formulating a request curve. This kind of exercise may also be useful to reveal radical changes in optimal AD procurement decisions as the willingness to pay is varied. “Radical changes” refer here to the appearance of discontinuities in the optimal volume (i.e. jumps in the volume for a very small change in the price parameter). Furthermore, future markets for AD or flexibility products in general may call for the submission of request curves by potential buyers rather than single price-volume pairs. Thus, this is giving further credence to this approach.



u * (π )



π Figure 21. Example SRP demand curve obtained by computing the optimal SRP volume (crosses) at regular intervals
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Another issue to consider is the formulation for time-coupled SRP. Players may be facing highly complex issues, which inevitably evolve over time. Therefore, players may have needs to procure AD products with different requirements over successive time intervals. Moreover, as technical and commercial constraints may also be dynamically coupled over time, AD product request behaviour in one time period also becomes coupled to the request behaviour in all other periods. The player then faces the problem of having to specify sequences of price-volume pairs or request curves, which reflect those couplings and would therefore result in AD market procurement outcomes, which are also consistent with all of its constraints. The optimisation principles necessary here are identical to those introduced above for the single timeperiod case. Fundamentally, the only difference lies in the multi-dimensionality of the search for the optimal price and volume signals. Difficulties arise, however, because the process becomes a combinatorial search. For instance, the request for an AD product in one period becomes a function of not just the price in the given period as it now depends on the prices in the other periods as well. This topic is further discussed in Appendix G.



4.4. Optimisation formulations for CRP Now, we consider the case of a player that is contemplating to purchase some amount of CRP û to satisfy some need. This presents an optimisation problem to the player, which can be stated as follows:



min (G (û ))



(5)



Where: û



G (û )



= πo ⋅ û + πe



∫



u ⋅ f ( u ψ = 1) du



û



−



0



=



In (6),



ψ



∫ B ( u, x ) ⋅ f ( u ψ



= 1) du



− B(0, x ) ⋅ f ( 0 ψ = 0 )



0



π o ⋅ û + π e E [u ψ = 1] −



(6)



E [ B(u, x ) ψ = 1] − B ( 0, x ) ⋅ f ( 0 ψ = 0 )



is a Bernoulli random variable indicating the random activation, or not, of the power delivery



during the CRP availability interval. The probability of either outcome has to be evaluated according to the activation rule of the player and its knowledge of the underlying uncertainties it wishes to manage.



⎧ 1 if CRP is activared



ψ =⎨



⎩0



(7)



otherwise



Moreover, the actual power delivery associated with the CRP, which is in the range, 0 ≤ u ≤ uˆ is subject to the conditional probability distribution f uψ , which models the probability density function



( )



of the random event “ u units of power are delivered given that the CRP is activated”. The optimisation in (5) is subject to the following constraints:



F (u , x) ≤ b



(8)



0 ≤ u ≤ û



(9)



R (û , π e , π s ) ≤



R



(10)



The other symbols present in (6) – (10) are:



πo



Option price of CRP, €/MW.



πe



Exercise price of CRP, €/MW.
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u B (u, x)



Benefit associated with the delivery of u units of CRP, €.



F (u , x) ≤ b



Technical and commercial constraints of the player (similar to SRP).



R (û , π e , π s ) ≤



Amount of power delivered through the CRP, MW.



R



Risk constraint of the player. The player must keep some risk metric



R (û, π e , π s )



below the administrative risk threshold R . The risk



metric depends on the CRP volume



û , the exercise price π e and the



statistics on the prices of alternatives



πs



to CRP in the market (including



doing nothing and incurring corresponding imbalances charges). The player’s objective here is to maximise its expected benefits from buying a capacity of CRP uˆ less the cost of buying it in advance (π o û ) less its expected cost if the CRP is actually activated and deployed. As with the SRP, the player is facing technical and commercial constraints, which need to be fulfilled with any amount in the range 0 ≤ u ≤ û , (8), (9). Unlike the SRP, however, the CRP optimisation process requires that the risk of the player be bounded from above, (10). The risk here is with the uncertain future delivery of the power and the uncertain price of an alternative (possibly cheaper) flexibility product, which could be acquired closer to real time. This is the key difference between the SRP and the CRP. The conditionality of the delivery of CRP provides extra flexibility for the player (on top of potentially solving a problem, like an SRP), which allows for risk management. Obviously, this extra flexibility comes at a price (a fixed-price conditional future power delivery (π e u ) at the expense of a fixed upfront fee (π o û ) ).



(



)



The probability that a given volume of the optional power delivery is being exercised, i.e. f uψ = 1 , depends on the following factors throughout the periods before the expiration of the option: -



The expected need of the market player i.e. F (u , x ) ≤ b .



-



The difference between



πe



and the expected cost of using alternative solutions (e.g. waiting and



buying energy from the balancing market) those are able to meet (some or all of) the market player’s need. -



The probability density function of exercising the CRP.



The properties of the probability density function of a CRP being exercised are further assessed in Appendix G. In the same way, Appendix G presents: -



an analysis of CRP optimisation by Lagrange’s method



-



an example of an iterative approach to solve the optimisation problem for the CRP. This procedure to formulating the optimal price and volume signals is similar to the one developed for the SRP.



-



The process to compute a “request curve” instead of (volume, price) pairs, like the curve presented in Figure 21. Indeed, in the same way as for the SRP, it is reasonable to think that a player may wish to “draw” an explicit relationship between its willingness to pay for an active demand product and its corresponding optimal volume.



Regarding the formulations of the optimisation problem for time-coupled CRP, players may be facing highly complex issues, which inevitably evolve over time. So the challenge outlined for SRP is also relevant for the CRP. It is actually more so given the conditionality of the CRP deployment. Hence,
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there may be needs for players to optimise the procurement of CRP in a dynamic fashion. Its complexity, however, is beyond the scope of this document especially if we start considering opportunities for resale of such products to third parties and the resale of CRP, which have already been activated (i.e. SRP) to third parties. Each player is expected to develop its own portfolio of flexibility products (both SRP and CRP) and its own strategies for procuring those. The underlying optimisations should be part of the operational strategies of each player; these are expected to be modulated heavily by the prevalent regulation and available market and business opportunities.



4.5. Application of the price and volume signal calculation process to selected players and services The purpose of this subsection is to illustrate with examples the application of the price-volume signal calculation process that has been described in the previous subsections. In these examples, it is assumed that the time horizon of the optimisation problems is a single time period. In reality, decisions made by the players in one period will generally affect outcomes of other periods. Modelling multi-period problems unnecessarily complicates the examples, as the main intention here is to illustrate how the process can be applied to obtain optimal price-volume purchase bids for AD products. Examples illustrating optimal signal calculation processes for SRP and CRP are given in the next two subsections.



4.5.1. SRP - Load shaping for optimising the profit of a Decentralised Producer In this example, we are looking at a decentralised producer (DP) with a portfolio of energy buyers (with pre-agreed bilateral contracts). Active demand can contribute to maximising the benefits of the DP by allowing the producer to shift its production to other market players offering higher prices. In this case, AD is replacing the contractual obligation of the DP to its counterparties by operating a corresponding demand reduction. Hence, when market prices are forecasted to be high, AD would be used to provide an energy consumption reduction in order to allow the producer to sell more in the more lucrative energy markets. The following assumptions are made in this example -



The DP has signed bilateral contracts to supply D amount of energy at price πB (€/kWh) to some third parties (e.g. a retailer).



-



The DP is contemplating if it should purchase an SRP (for demand reduction) for an amount u from an aggregator so that it could use its “freed up” capacity to sell energy in another, more lucrative, market.



-



The DP predicted that the market price for energy in an upcoming market is πS (€/kWh) and that πS is greater than πB.



-



The maximum of demand reduction that can be offered by AD is capped at D to simplify the problem.



The following describes the objective function of the DP’s optimisation problem:
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min G(u, x ) = π u − B(u, x ) = π u − (π S − π B ) ⋅ u



(11)



It can be observed from the objective function that the DP gains benefits if the expected additional revenue from selling the freed up energy in the more lucrative market i.e. πS⋅u is greater than the sum of the cost of purchasing SRP i.e. π⋅u and the lost of revenue due to the demand reduction (i.e. πB⋅u). The following lists the constraints (i.e. F(u, x) ≤ b): u ≤ uUB



(12)



uLB ≤ u



(13)



Symbols presented in (12) and (13) are: Maximum possible volume of SRP (MW). This value is equal to D. uUB Minimum volume of SRP (MW). This value is 0 if it is not compulsory to the DP to use AD service.



uLB



It can also be observed that here there are no state variables. Equation (14) gives the feasible solutions for u of this example:



⎧ uUB , if π < ( π S − π B ) ⎪ u = ⎨ uLB , if π > ( π S − π B ) ⎪[u , u ], if π = ( π − π ) B S ⎩ LB UB



(14)



Since (πS – πB) is positive, we can observe from (14) that it is beneficial to purchase as much SRP as possible and therefore the value of u will tend towards its upper bound. In this example, constraint (12) will be binding and therefore the optimal value of u would be at uUB and the corresponding optimal value of π will be a value marginally lower than (πS – πB), which is in tally with (14). A value of π which is too lower than (πS – πB) subsequently “undervalues” the AD product and increases the risk of the player’s market bid to be rejected. In the end, the signal (bid) the DP would send to the market would consist of the pair (u *, π *) = (D,(π S − π B ) − γ )



(15)



where γ is a small positive number.



4.5.2. CRP - Short term optimisation problem of a centralized producer providing tertiary reserve service In this example, we look at a centralized producer (CP) wishing to maximise its profit by shifting a portion of its statutory tertiary reserve obligation to AD. It is assumed that the transmission system operator accepts AD as a source of tertiary reserve. Other assumptions are listed below: -



The optimisation horizon is 1 period (hr)



-



The CP has only one generating unit in its portfolio



-



The generating unit has no ramping up rate and is synchronised (hence no start-up cost is modelled)



-



The CP has “perfect” knowledge of the following: o



The marginal cost of operation of the generator πG



o



The energy market price πS is the price at which the CP is paid for selling additional power output that is available after freeing up its reserve obligation before real time
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o -



The maximum additional output Pf that can be sold in the energy market as a result of using a CRP is PM.



However, the CP faces uncertainty with respect to the probability of the reserve being called (modelled by the random variable Ψ) and there is uncertainty in the value of the balancing price πIM which follows a certain probability distribution g(πIM). We note that the value of the balancing price is likely to be correlated with the need to deploy reserve. Therefore, we need to consider the conditional probability distribution of the balancing price given the occurrence of a reserve call, g(πIM | Ψ = 1). In addition, it is not unreasonable to see that the imbalance price and the deployed CRP amount u are also correlated. Hence, we need to further consider the joint conditional probability distribution of πIM and u, h(πIM, u | Ψ = 1), as part of the problem formulation.



The CP’s problem of maximising profits can be described by objective function (16) associated with constraints (17)–(19). min G(uˆ, Pf ) = π o uˆ + π e E [u | ψ = 1] − E [B(Pf , u, π IM )] = π o uˆ + π e



∫



uˆ



0



u ⋅ f ( u | ψ = 1) du



(16)



⎡( π S − π G ) Pf − π G ∫ u u ⋅ f ( u | ψ = 1) du 0 ⎣ uˆ ∞ + ∫ ∫ π IM u ⋅ h(π IM , u | ψ = 1) d π IM du ⎤ 0 −∞ ⎦ ˆ



−



Above, we recognise the various components of the CP’s costs and benefits: -



The CRP option cost (πO û)



-



The CRP expected exercise cost (πe ∫ u f(u | Ψ = 1) du)



-



The benefit obtained from selling more energy due to the freed up capacity ((πS – πG) Pf)



-



The lost expected benefit associated with deploying reserves when called upon by the TSO if no CRP were procured (–πG ∫ u f(u | Ψ = 1) du + ∫∫ πIM u h(πIM, u | Ψ = 1) dπIM du) Here the first term corresponds to corresponding expected generation cost if the CP were to produce u MW in the event the TSO requested the deployment of its reserves while the second term represents the expected generation revenue if the CP were to produce u extra MW remunerated at πIM.



This optimisation problem is subject to: 0 ≤ Pf ≤ PM



(17)



0 ≤ uˆ ≤ Pf



(18)



R (uˆ, π e , π IM ) ≤ R



(19)



Constraints (17) and (18) restrict the size of the CRP bid and the corresponding freed up generation capacity. The third constraint (19) restricts the magnitude of a risk measure R. For instance, the CP may require that/ Var (π e u − B(Pf , u, π IM )) ≤ R



(20)



i.e. that the variance of the net benefits of the use of a CRP be less than the administrative threshold.
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5. ADDRESS commercial and technical architectures In a first part, this section collects all the “pieces” presented in the previous sections to provide an overall description of the ADDRESS commercial and technical architectures. Using the results previously described, they are presented in the form of a chronological process and simplified UML role models for both types of architectures. Then the commercial and technical requirements for the implementation of the architectures are presented in recapitulative tables and different ways to structure these requirements are briefly described. These structures helps to understand the relationships between the requirements, the AD services/products and the players. Finally the third part summarizes the issues to be addressed for the implementation of ADDRESS architectures.



5.1. Description of ADDRESS technical and commercial architectures Figure 23 provides a description of ADDRESS technical and commercial architecture in the form of process diagram organized in a chronological or procedural order, with the process progressing from the left to the right. The top half of the diagram shows the individual internal processes while the bottom half shows the interaction between the players. The procedure horizon shows only the relative order when different events or sub-processes are supposed to happen and do not reflect the actual duration nor the time differences between these events. The meaning of the different symbols is illustrated in Figure 22.



A green box showing internal sub-process(es)



A white box showing internal subprocess(es) to be completed



Illustration of subprocesses and events for individual internal subprocesses



Broken horizontal line showing that event markers only indicate relative relationship among events/sub-processes and subprocesses’ duration and are case-dependent An event marker together with the name of the event A pair of broken blue arrows enclosing two markers



Illustration of sub-processes and events for interaction between players



An orange box indicating a phase which can involve multiple internal sub-processes and interactions between players



A broken black arrow showing the possible repetition of certain events/sub-processes



A UML diagram showing the interaction between different players



A grey oval box showing the duration during which interactions between players take place



Figure 22. Explanation of the ADDRESS process architecture diagram
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Individual Internal SubProcesses



ADDRESS Active Demand Process Architecture



Aggregator “Active Demand” supply preparation: Strategy Operative decisions Risk management



Performance Evaluation: Aggregator own monitoring and evaluation Clients own monitoring of service delivery



price Market bids selection and settlement rice determination processes



Regulated and Deregulated Players “Active Demand” request preparation: Required service(s) definition



TSO/DSO validates where the accepted transactions will violate network constraints



Market Clearance



Gate Closure



Demand/Supply Preparation



TSO/DSO Validation



Market Settlement



//



//



Bilateral Negotiation End



Bids Submission/Bilateral Negotiation (Re)Start



// Bilateral Contracts Signed
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Trader & Brokers
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1..*



Decentralised_Producer_& Production_Aggregator



Trader & Brokers



Large Consumer



1..* 1..*
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Figure 23. ADDRESS process architecture diagram Copyright ADDRESS project
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The distinction between the “commercial” and “technical” parts is defined as follows: -



the commercial architecture (“contract negotiation” and “settlement” stages) deals with all the interactions, players structures, processes involved in the “negotiation” and “agreement” phase of the AD services (including the preparation of requests and offers) until the market clearance or the signature of the contracts (depending on the case). It also deals with the settlement stage after the end of the service.



-



the technical architecture (“operational” stage) deals with all the interactions, player structures, processes involved in the activation and actual delivery of the AD services, after the market clearance or the signature of the contracts until the end of the service. This also includes the management of the energy payback effect and the possibly related monitoring actions.



5.1.1. -



Internal Sub-processes (Top half of architecture diagram)



During Demand/Supply Preparation o



Aggregators prepare their offer(s) according to their portfolio of consumers who exhibit different levels of flexibility. They follow certain internal sub-processes as stated in Section 3 and Appendix F, they are: Strategies Definition. Operative Decisions Making. Risk Management. A part of their activities (not represented on the diagram) is also devoted to the building and optimisation of their portfolio of consumers and to the commercial relationship with their consumers (contract negotiation, marketing, …). This is also described in Section 3 and Appendix F.



o



-



During Market Settlement and bilateral contract negotiations o



-



Through their business processes and the use of their tools, the other (regulated or deregulated) players might identify a need for an Active Demand service. They prepare their request(s) according to defined service templates. The detailed service description for all the defined services and their corresponding use cases are found in Section 2, Appendix C (for deregulated players) and Appendix D (for regulated players). They calculate the price and volume signals according to their optimisation process, as described in Section 4 and Appendix G. The context of “Markets” in ADDRESS covers all kind of commercial activities, which can potentially result in a transaction and involves a central entity who monitors and registers such activities, while “Bilateral Contracts” refer to the deals struck without a central entity. It has been identified that the sub-processes of the market operation mechanism are part of the whole Active Demand process, but the tasks to work out the details on market mechanisms and the corresponding internal sub-processes are to be executed later according to the project plan in WP5 which deals these topics. Very different time scales may involved depending on the type of markets: this may cover several years till half-ahour ahead.



After the market is cleared or the bilateral contract is agreed, in the general case, the TSO/DSO need to validate the transactions to find out if the Active Demand delivery will violate any network constraints (An internal sub-process of TSO/DSO): o



If the DSO/TSO detects a network constraint violation, the transactions causing the violations will be refused. In this case, the players requesting the service as well as the
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aggregator might rework their offers/requests and attempt to bid or negotiate a bilateral contract again. o



If the DSO/TSO does not detect any network constraint violations, the players can proceed to the next process or event on the procedural horizon.



Additionally, it might be needed to send information to the TSO or the BRPs regarding possible imbalances. The details of technical validation implemented by TSO or DSO and issues related to imbalances are found in Section 2 and Appendix E. -



During Service Delivery o



-



Once the accepted and validated service is activated, the Active Demand product is ready to be delivered. Note that in the diagram the sub-process “service delivery” includes any possible energy payback effect associated to the service. During this sub-process, both the aggregator and the Active Demand buyer monitor the Active Demand delivery for performance evaluation. The details of service delivery monitoring and performance evaluation are found in Section 3 and Appendix F.



Settlement and billing o



This last phase relies for the large part: on the service delivery performance assessment on the rules possibly set by the markets and the regulation on this topic. on the contractual structures. This phase will be studied in detail later in other WPs of the project (WP2 and WP5).



5.1.2.



Interaction between Players (Bottom half of architecture diagram)



This is roughly divided into two phases: commercial and technical. -



Commercial interaction covers the preparation phase up to market clearance. While the UML diagram below shows how the players interact with each other, the commercial requirements which the players have to observe and respect when preparing their offers or services’ requests are defined in the Subsection 5.2 and in Appendix H. NB: commercial interaction also covers settlement and billing but as mentioned above these aspects will be studied later in the project



-



Technical interaction covers the phase immediately after market clearance and all the way up to the end of service delivery (including management of energy payback effect). Similarly, the UML diagram shows how the players interact with each other, while the technical requirements which the players have to observe and respect when preparing and executing the delivery are defined in Subsection 5.2 and in Appendix H.



The enlarged UML diagrams are given below. Figure 24 shows the commercial interactions between the players. In this figure the “market” has the most general meaning, i.e. it covers the open markets, the call for tenders, any kind of bilateral contracts, etc. It is at the centre of the figure since the interactions represent: -



The interactions of the aggregators: o Sending offers for AD products to the markets and other power system participants o Negotiating contract with other power system participants o Possibly buying AD products from other aggregators (or even other types of products from other power system participants).
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-



The interactions of the other regulated and deregulated power system participants: o Sending requests for AD products to the markets and to aggregators o Negotiating contract with aggregators o Possibly buying products competing with AD products from other power system participants or possibly making offers with competing products.



-



The interactions between DSO and TSO, exchanging information for coordination needs



All these interactions are described in Section 2, and Appendix C (Deregulated players), Appendix D (Regulated players), Appendix E (Relationship between players). Another type of interactions is also represnted in the ULM diagram. This concerns the commercial interactions between the aggregator and its consumers which implies: - the preparation and sending of offers by the aggregator to the consumers - the negotiation of contracts for AD flexibility.



Decentralised_Producer_& Production_Aggregator
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Large Consumer



1..* 1..*



1..* 1..*



1..*



1..*



Producer_with Regulated_Tariffs
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Centralised Poducer



1..* 1..*



Market 1..* 1..*



1..* 1..*



1..*



1..*



1..*



1..*



BRP



Retailer Aggregator 1..*



1



1..*



1



TSO 1..* 1..*



Consumer



DSO



Figure 24. UML diagram showing the commercial interactions between the players



Figure 25 shows the technical interactions between the players. The aggregator is at the centre of the figure since the interactions represent: -



The possible sending of activation signals by the AD product buyer in case of CRP



-



The delivery of the AD products by the aggregator to the buyers



-



The monitoring and performance assessment of the service delivery
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-



The exchange of information between the aggregator and the DSO for the technical validation of the AD transactions



-



The further exchange of information between the DSO and TSO for the purpose of the technical validation



-



Depending on the regulation and market rules, the possible exchanges of information with the TSO and the BRPs about possible imbalances.



-



The exchanges of signals between the aggregator and the Energy Box of the consumers: activation signals, sending of other types of information, collection of information on the consumers and their consumptions, etc.



-



The interaction between the Energy Box and the equipment in the house and with the meter.



-



Provision of the consumer AD flexibility and monitoring of consumers’ response.



The last three types of interactions are described in Section 3 and Appendix F and the other are again described in Section 2, and Appendix C (Deregulated players), Appendix D (Regulated players), Appendix E (Relationship between players).



Decentralised_Producer_& Production_Aggregator



Trader & Brokers



Large Consumer



1..* 1..*



1..* 1..*



1..*



1..*



Centralised Poducer



1..*



Producer_with Regulated_Tariffs



1..*



1..* 1..*



Aggregator 1..*



1..*



1..* 1..*



1..*



1..*



1



BRP



Retailer 1..*



Energy Box 1 1..* 1..*



«flow»



1



TSO 1..* «flow»



Meter



1..*



«flow»



DSO



Consumer



Figure 25. UML diagram showing the technical interactions between the players



5.2. Requirements for the implementation of the architectures This subsection collects the technical and commercial requirements that have been defined in the previous sections and in the corresponding appendices in relation with the negotiation, activation and delivery of AD services or in a more general with the commercial and technical architectures as presented previously. It also presents structures to organize them in an appropriate way on the basis
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of the similarities that can be identified between the different services and the different players.



5.2.1.



Technical and commercial Requirements: recapitulative tables



Table 13 shows the requirements identified for the commercial architecture. These requirements apply to the service providers or requesters while negotiating or preparing the contract/bid/offer. Table 13 lists each of these requirements as an entry each with an ID, Label and Definition. The “ID” is to uniquely identify this requirement and will be used to refer to the requirement in the structures that will be presented later while the “Label” can be used as the title of the requirement. The explanation and meaning of the requirement is given in the “Definition” column. Those IDs with an asterisk (*) refer to the requirements, which also apply to the technical architecture, even though the context in which the requirements are applied is different. Table 14 shows the requirements identified for the technical architecture. These requirements apply to the service providers or requesters to ensure that the service to be provided/requested is usable, effective and technically feasible. In general, when seeking for active demand products/services, the players should take these requirements into account so that what they acquire will meet their actual needs. More importantly, the aggregators providing the services must fulfil these requirements so that what they have promised/ been paid to provide will be realised. Table 14 has the same structure as Table 13 and lists each of the technical requirements as an entry each with an ID, Label and Definition. Again those IDs with asterisk (*) refer to the requirements, which also belong to the commercial architecture, even though the context in which the requirements are applied is different.



Copyright ADDRESS Consortium



page 104 of 129



ADDRESS Technical and Commercial Conceptual Architectures - Core document ADD-WP1-T1.5-DEL-EDF-D1.1-Technical_and_Commercial_Architectures Revision 1.0



Table 13. Commercial architecture requirements Requirements ID



Requirements Label



Requirements Definition



C1



Standing/Option Fee Specification



The fee to be paid for making available the service must be specified



C2



Deployment Energy Price Specification



The price to be paid for the energy to be delivered for the service must be specified



C3



Penalty for Non-delivery



The charge/penalty to be paid in case of non-delivery of the committed service must be specified



C4



Participation to and Organized Market of Re-profiling Products



Players must take part (directly or indirectly) to a reprofiling product based market



(C5)



Procurement Strategy



A procurement strategy must exist when procuring such service



C6*



Deployment Duration Specification



The minimum time period (in mins/hours) that the active demand providers need to deploy and sustain the service must be defined



C7*



Negotiation Gate Closure Specification



The time window between contract definition or bid submission and actual delivery (hours/days/weeks/months) must be defined



C8*



Service Volume Specification



The amount of power to be delivered for the service must be defined (the minimum quantity may be fixed by DSO/TSO)



C9*



Availability Interval Specification



The duration (hours/days/weeks/months) over which the service may be activated must be defined



C10*



Activation Time Specification



The lead time (mins/hours) allowed for aggregator to deliver the service must be fixed



C11*



Deployment/Ending Ramping Limitation Range Specification



The deployment and end ramping limitations must be specified for the service



C12*



Service Delivery Envelope Specification



The service delivery envelope must be defined



C13*



Energy Payback Effect Specification



The maximum amount in terms of energy and power which has to be “paid back” before or after delivery must be defined



C14*



Location Specification from Aggregator



Aggregator must group customers in the same load area for the service and communicate this grouping assignment



C15*



Maximum Amount of AD from one Aggregator Specification



The maximum amount of active demand which can be provided from any single aggregator must be specified
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Table 14. Technical architecture requirements Requirements ID



Requirements Label



Requirements Definition



T1



Location Information From DSO



DSO must assign each customer to a specific load area for the service and communicate such grouping assignment to aggregators



T2



Location Information From TSO



TSO must aggregate load areas into TSO-zones for the service and communicate such grouping assignment to aggregators



T3



Balancing Regulation



The aggregator must use active demand to counterbalance the proposed service so as to nullify the imbalances so created



T4*



Deployment Duration Specification



The minimum time period (in mins/hours) that the active demand providers need to deploy and sustain the service must be defined



T5*



Negotiation Gate Closure Specification



The time window between contract definition or bid submission and actual delivery (hours/days/weeks/months) must be defined



T6*



Service Volume Specification



The amount of power to be delivered for the service must be defined (the minimum quantity may be fixed by DSO/TSO)



T7*



Availability Interval Specification



The duration (hours/days/weeks/months) over which the service may be activated must be defined



T8*



Activation Time Specification



The lead time (mins/hours) allowed for aggregator to deliver the service must be fixed



T9*



Deployment/Ending Ramping Limitation Range Specification



The deployment and end ramping limitations must be specified for the service



T10*



Service Delivery Envelope Specification



The service delivery envelope must be defined



T11*



Energy Payback Effect Specification



The maximum account in terms of energy and power which has to be “paid back” before or after delivery must be defined



T12*



Location Specification from Aggregator



The aggregator must group customers in the same load area for the service and communicate this grouping assignment to those who seek the service



T13*



Maximum Amount of AD from one Aggregator Specification



The maximum amount of active demand which can be provided from any single aggregator must be specified



T14



Interaction with Energy Box



The aggregator must interact with the Energy Box for flexibility activation and monitoring purposes for realtime delivery and performance assessment



T15



Aggregator’s Performance Assessment



The performance of the aggregator must be monitored and assessed



T16



AD Consumers’ Performance Assessment



The performance of the active demand consumers must be monitored



T17



Energy Payback Effect Assessment



The energy payback effect of the committed active demand consumers must be monitored and assessed
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5.2.2.



Structures to organised the requirements



Three types of structures have been adopted to organize the technical and commercial requirements that were identified. They will be used later in other WPs of the project for the developments that will be carried out to achieve the implementation of the technical and commercial architectures. -



Structure 1 (requirement-based variant 1): the commercial and technical requirements collected in Table 13 and Table 14 are further categorised (if applicable) and the services that need to fulfil them are grouped and organised into two structures (a commercial and a technical one) where: o



the commercial or technical requirements appears at the first level of the hierarchy.



o



The second level shows a sub-classification, if necessary, which further refines the requirement. For example, concerning the requirement on Deployment Duration (C6), depending on the service concerned, the duration can be in the time range of minutes, hours or days and the requirement is sub-classified accordingly



o



the services fulfilling the requirement are listed at the (third and) last level of the hierarchy



Figure 26 gives an extract of this type of structures for the commercial requirements.



Figure 26. Commercial requirements – Structure 1 (extract)
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-



Structure 2 (requirement-based variant 2): This variant is similar to the previous one but it shows this time in the last layer of the hierarchy the respective players associated to the services which when requested will need the requirements to be fulfilled (instead of the services). It is shown on Figure 27 for the technical requirements.



-



Structure 3 (player-based): the structure shows the requirements which are applied to the players depending on the product(s) which they need, namely: the first level shows the players and the second level shows the requirements which might be applicable to them. Figure 28 shows the third structure again for the technical requirements. In this figure, the identification of the requirements and of their categories are further compacted with respect to the previous figures: for instance, Requirement C4 Category 1 is abbreviated as C4-1, Requirement C6 Category 3 as C63, and so on.



The requirements for the implementation of the commercial and technical architectures are further discussed in Appendix H and the three structures presented above are described in detail.



5.3. Issues to be addressed for the implementation of ADDRESS architectures This section summarizes the results of the work carried out on the identification of potential problems or barriers against the development of active demand (AD) and of potential solutions to remove these barriers. In fact, they can be subdivided into “general prerequisites” and “problems or barriers”: -



General prerequisites are very obvious aspects that are necessary to make AD service provision feasible, at all, like the installation of an appropriate communication infrastructure. Their importance is already reflected by the concept and structure of the ADDRESS project. They will be briefly presented in Subsection 5.3.1 below.



-



Problems or barriers are less obvious aspects that depend more on the specific situation and interests of the actors involved. They can have technical, economic, socio-economic and/or regulatory reasons. Since these barriers are not reflected as obviously by the ADDRESS work structure, it is particularly important to identify them and to point out potential solutions. Therefore, they have been treated in greater detail than general prerequisites. They are discussed in Section 5.3.2 and described in more detail in Appendix I.
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Figure 27. Technical requirements – Structure 2
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Figure 28. Technical requirements – Structure 3



5.3.1.



General prerequisites



General prerequisites for the implementation of Active Demand are described in this subsection. They are general and thus apply to all participants involved in AD. They may be divided into different categories: -



Technical prerequisites: The implementation of the AD concept requires smart meters with certain technical requirements to be installed, as well as an appropriate communication infrastructure. For these sectors, standardisation of protocols, meters and services will also be a key issue.



-



Economic prerequisites: As a fundamental prerequisite, the total investment and operational cost of the provision of AD services has to be lower than the expected economic benefit. In order for AD to be competitive, its total cost must also be lower than the cost of alternative solutions that are available on the market to fulfil the same needs.



-



Acceptance by consumers: Only if consumers are willing to take part in the provision of AD services, there will be such services, at all. There can be several reasons for consumers having low interest or even fear of being engaged in AD provision, like the impression that the financial incentives are very small, or the fear of discomfort or even loss of control over their appliances.



-



Market access: Those actors who are expected to make benefit from the use of AD need to have an appropriate access to the markets in order to be able to do so. Restrictions to the required market access can for example be due to requirements on the minimum demand or generation volume of a market participant, or to the tariff conditions for subsidized decentralised generators.



-



Regulatory framework: The success of the implementation of the AD concept also depends crucially on the willingness of regulators, lawmakers, governmental bodies etc. to design the legislative and regulatory framework such that it supports the use of AD.



Some of these prerequisites can be fulfilled by appropriate measures to be identified or developed by the ADDRESS project, e.g. the development of technical equipment and software solutions, the
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design of appropriate contractual and regulatory arrangements and the investigation of measures that can be taken to maximise consumer acceptance. Other prerequisites can only be fulfilled within certain limits: for example, there will always be cost associated with the implementation and use of AD, so that only applications of AD with a benefit higher than the cost can be economically viable. Furthermore, there will be limits to technical aspects like the activation dynamics of AD, so that AD (in the way considered in ADDRESS) may not be fast enough for certain applications. Economic and technical limits like this can be called “usability limits”. They have to be investigated and taken into account when analysing the range of economically attractive applications of AD. However, it should be kept in mind that these limits can shift over time as a consequence of technical progress or the future development of market prices or other influence factors.



5.3.2.



Potential problems or barriers and possible solutions



The barriers have been subdivided into 8 groups, based on their nature and/or the underlying reasons. -



AD acceptance: Acceptance by consumers is a general prerequisite for the AD concept (see above) but a lack of acceptance by other players like producers, retailers, BRPs, and DSOs/TSOs is a potential barrier. It includes potential negative “side-effects” of AD services on third parties, e.g. on the network loading or on the system energy balance.



-



Regulatory framework: Several potential problems of regulatory nature have been identified, like a lack of incentives for the use of AD, or unrealistic technical requirements that may be imposed by the regulation.



-



Contractual issues can for example represent a barrier if contracts do not provide the required flexibility for using AD as a means to fulfil contractual obligations.



-



Conflicting interests can occur among different players wishing to use the same “piece of AD”, or for DSOs/TSOs having to assess the technical feasibility of AD services on the grid.



-



Pricing model: In order to support the provision and use of AD, a pricing model is required that reflects the value of AD services properly and provides appropriate incentives.



-



Monitoring of service provision: The need for an appropriate level of monitoring for service delivery check or pricing purposes might become a barrier if the required level cannot be reached from a technical or organisational/practical point of view. Monitoring of service provision includes two aspects: o monitoring the service provided by the aggregator to the buyer of AD services and o monitoring the service provision by the consumers to the aggregator (consumer response).



-



Information management: The AD concept creates new requirements for information exchange, which causes additional effort and gives rise to confidentiality issues.



-



Risks: Users of AD services may be concerned about risks like the uncertainty about the actual availability of services at the required volume, or about the location of consumers in the network, or about the “payback” effect that may occur after an AD measure.



As already stated above, they are discussed in more detail in Appendix I. As a result, Table 15 on the following pages gives a recapitulative overview of the potential barriers discussed in Appendix I, along with the types of participants affected and the potential solutions that have been identified. The table also points out in which WPs of the ADDRESS project the solutions will be further studied
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Table 15. Recapitulative overview of the potential barriers against AD development and possible solutions Barrier



Affected participants



Potential solutions



WP where solutions will be studied



Acceptance of AD by electricity producers



Decentralised + centralised electricity prod + electricity prod with regulated tariff



Provision of the right incentives to use AD.



WP5: Potential benefits + regulatory schemes



Acceptance of AD by retailers



Retailers



Further investigation of relationship between retailer and aggregator; 2 particular cases to consider in detail: Retailer = aggregator and retailer ≠ aggregator



+ BRPs



Give insight in benefits of use of AD WP5: Potential benefits, contractual and market mechanisms WP4: Communication architecture



Gain insight in benefits of use of AD Information management Acceptance of AD by BRPs



Impact of AD on the network loading situation



Retailers



Level of importance depends on level of deployment of AD



+ BRPs



Gain insight in benefits of use of AD



WP5: Potential benefits, contractual and market mechanisms



Relationship aggregator – BRP



WP2: Metering, DSM & DER flexibility management



Information management



WP4: Communication architecture



DSOs



Level of importance depends on level of deployment of AD



WP2: Metering, DSM & DER flexibility management



+ TSOs



(Temporary) restrictions on use of AD



WP3: Active grid operation



Technical validation process Buy back services Influence of AD services on the efficiency assessment of DSOs and TSOs



DSOs



Level of importance depends on level of deployment of AD



+ TSOs



Design of an appropriate regulatory scheme



Impact of AD on the control area balance



TSOs



WP5: Regulatory schemes



Level of importance depends on level of deployment of AD



WP4: Communication architecture



Use of AD linked to trading activities



WP3: Active grid operation



Transparency towards TSO Reasonable estimations of impact of AD Minimum requirements on the volume of AD services



All participants in AD markets



Definition + standardisation of AD services



Work started in WP1 and continued in:



Design an appropriate regulatory and market scheme



WP2: Aggregators and AD for deregulated players



Grouping AD services of several aggregators



WP3: AD for DSOs and TSOs WP5: Regulatory schemes



WP5: Regulatory and market schemes Lack of allowance to use AD services to compensate generation imbalances



All participants wishing to optimise their electricity procurement by AD services



Allow use of AD flexibilities for imbalances on generation side



Structure of ancillary services obligation



All players with ancillary services obligations



Design reserve obligation to allow production and demand flexibilities
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Decentralized electricity prod + electricity prod with regulated tariffs



Design an appropriate regulatory and market scheme



WP5: Regulatory and market schemes



Regulatory treatment of cost associated with AD services for DSOs and TSOs



DSOs + TSOs wishing to use AD services



Design an appropriate scheme with incentives for efficient AD solutions



WP5: Regulatory and market schemes



Contractual issues



All participants involved in AD



Regulatory framework should allow flexibility in setting up or adapting contracts with AD



WP5: Contractual, market and regulatory schemes



Inconsistent or redundant AD service requests



All participants involved in AD



Design an appropriate market scheme Cost/benefit sharing



WP5: Contractual, market and regulatory schemes + Potential benefits



Further Investigation TSO-DSO-aggregator relationship



WP2: aggregator + WP3: DSOs and TSOs



Design an appropriate regulatory scheme



WP5: Regulatory schemes



Conflict of interests for DSOs in the context of validation of AD



DSOs who validate the feasibility of AD services (network point of view)



Inappropriate pricing model



All participants involved in AD



Design appropriate pricing model



WP5: Potential benefits and market schemes



Monitoring of service provision



All participants involved in AD



Measure total reaction



WP2: Metering, DSM & DER flexibility management



Capacity-oriented vs use-oriented approach



WP3: roles of DSO and TSO



Consumer profile or prototypes



WP4: Communication architecture



Actual measurement in Energy Box



WP5: Contractual, market and regulatory schemes



Forecasted load curve by aggregator or by the buyer Position of the retailer at gate closure Target load curve or target curve for load modification specified by the buyer (or aggregator) Inappropriate information management



All participants involved in AD



Appropriate information management within regulatory/legislative framework



WP4: Communication architecture



Uncertain AD availability



All participants wishing to make use of AD services



Deal with it by market schemes (cfr cross-border capacities) + contractual framework



WP5: Contractual, market and regulatory schemes



Uncertainty of real network topology



DSOs and TSOs wishing to use AD services for network relief at specific locations or to provide tertiary reserves at a specific network node



Information exchange aggregator – DSO and/or TSO(different level of detail possible)



Uncertainty of load recovery (energy “payback” effect)



Retailers + demand aggregators + BRP + TSO/DSO + consumers



Take it into account in predictions + in AD services definitions + investigate impact of length of AD cycles on electricity cost



WP2: aggregator’s strategies



Inappropriate activation dynamics of AD



TSOs wishing to use AD for tertiary control



Level of importance depends on level of deployment of AD



WP3: Active grid operation



Gain insight in predictability (e.g. field tests)



WP6: Field testing



WP5: Regulatory schemes



Provide alternatives for AD
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6. Next steps within ADDRESS In Deliverable D1.1 (both core document and document of the Appendices) we have described the conceptual technical and commercial architectures developed in the ADDRESS project to enable AD and exploit its benefits, and more specifically: 1. the participants and other components of the architectures, 2. the participants’ needs and expectations with respect to AD, 3. the services that could be provided by AD and the markets interactions, 4. the different interactions between the participants and the signals exchanged between them in relation to the provision of these services, 5. the functions and activities of the aggregator and its relationship with the consumers, 6. the consumers’ flexibility from the technical point of view, 7. a process for the calculation of the price and volume signals exchanged, 8. the overall system behaviour both from the commercial and technical points of view, 9. the corresponding basic requirements for the implementation of the architectures, 10. the issues to be solved and potential barriers to be removed. Deliverable D1.1 gives the vision of the ADDRESS project and provides the foundations on which the other WPs are going to build/develop the ADDRESS solutions. From now on the other WPs are going to work in parallel on parts of the architectures. Therefore one of the objective of this Deliverable is to be a reference document for these activities and be a “tool” to ensure their coherence, complementarity and completeness. However this does not mean that it will not evolve. Indeed, the future work in those WPs may reveal needs for adaptations, modifications and/or complements of the ADDRESS technical and commercial architectures, due for instance to technical feasibility issues, social acceptance aspects or regulatory constraints. In such a case, Deliverable D1.1 will need to be revised. As mentioned above the work on the ADDRESS architectures (developed conceptually in WP1) will continue now the other WPs of the project and more precisely: -



in WP2 regarding: o The aggregator: strategies, algorithms, tools, signals exchanged with consumers, etc. o The Energy Box, the control and optimisation of consumers’ appliances and possible DG and storage equipment and the interactions with the meter. o The other deregulated participants in a simplified way: algorithms and processes.



-



In WP3 regarding: o



The DSO, TSO and grid operation: strategies, algorithms, tools for them to be able to carry out their functions and activities in the context of the ADDRESS architectures. They shall be compatible with the existing systems of the DSO and TSO where they will be integrated.



o



The developments will be carried out in detail for the DSO and the distribution system but in a simplified way for the TSO and the transmission system.



-



In WP4 regarding: o The communication technologies and infrastructure. o The information model and interoperability of the different systems. o Guidelines for the implementation of the communication architecture.



-



In WP5 regarding: o Consumers: engagement, stakes and benefits, etc.
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o o o -



Accompanying measures for social acceptance. Market and regulatory mechanisms, as well as contractual structures for the exploitation of AD benefits Benefits models and business cases.



In WP6 regarding: o Installation of the prototypes at the field test sites o Validation of the ADDRESS solutions by carrying out (depending on the nature of the solutions): prototype field tests in the test sites, software simulations and hybrid tests using real-time digital simulations coupled with actual equipment. o Assess the test results and performance of the prototypes o Evaluation of project outcomes



In particular the next steps are the following: -



In WP1, the second deliverable Deliverable D1.2 – “Application of the conceptual architecture in 4 or 5 specific scenarios”, will describe: o



4 or 5 scenarios chosen to reflect different sufficiently representative European electricity system situations relevant for the ADDRESS future at the horizon of 2020 and



o



the application of the technical and commercial architectures to the scenarios



-



In WP2, WP3 and WP4, detailed specifications will be defined for the developments carried out in the WPs, on the basis of the technical and commercial architectures and the corresponding requirements described here.



-



In WP4, activities have started on the collection and analysis of the needs in terms communication technologies and infrastructure. The work done on the cases will be continued and will lead to the information model.



-



In WP5, activities will start on the study of:



-



o



appropriate market and regulatory mechanisms and contract structures,



o



consumer engagement ,



o



benefits models.



In WP6, work has started on the selection the test sites, the definition of the tests to be performed, and the elaboration of the process for the recruitment of consumers on the test sites.



Finally, in parallel to the conceptual work carried out, a more concrete activity also started in WP1: the development of an integrated toy example on ADDRESS market simulation. The first objectives of the toy example are to simulate ADDRESS market, be able to “play with numbers” and acquire a better understanding of its functioning and at the same time to illustrate the concepts of ADDRESS and be able to communicate more easily on the results (pedagogical purposes). In this first stage the toy example is very simple: it simulates the provision of AD services by aggregators to retailers and DSOs only, considers one type of products (“Scheduled re-profiling” or SRP) and implies several simplifying assumptions. The development of the toy example will be continued in the other WPs of the project. More realistic and complex conditions will be considered and it will be extended and complemented to reflect the developments made in these WPs.
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Appendix A. ADDRESS Glossary This appendix is the “glossary” of the ADDRESS project and more specifically it gives: -



a table with the main notations, abbreviations and acronyms used in the documents of the project,



-



the list of the AD services (or products) identified and studied in the project, along with the table of the regulated and deregulated players to which these services are provided,



-



the definitions of specific terms, expressions and concepts used in ADDRESS.



This Glossary will be extended and completed during the lifespan of the project. New definitions, notations and abbreviations will be included whenever needed.



A.1. Notations, abbreviations and acronyms The table below gives the list of the main notations, abbreviations and acronyms used in this report and more generally in the ADDRESS project. Table 17. Notations, abbreviations, acronyms AD



Active Demand



ADDRESS



Active Distribution networks with full integration of Demand and distributed energy RESourceS



AGC



Automatic Generation Control



AMI



Advanced Metering Infrastructure



AMR



Automated Meter Reading



APX



Amsterdam Power eXchange



AVR



Automatic Voltage Regulator



BRP



Balancing Responsible Party



CAPEX



CAPital EXpenditure



CEN



European Committee for Standardisation



CENELEC



European Committee for Electro-technical Standardisation



CHP



Combined Heat and Power production system



CIM



Common Information Model



CP



Centralised Producer or Centralised electricity Producer



CPP



Critical Peak Pricing



CRP



Conditional Re-Profiling



CRP-2



2-way Conditional Re-Profiling.



DG



Distributed Generation



DER



Distributed Energy Resources.



DLC



Direct Load Control



DMS



Distribution Management System



DOW



Description of Work – Annex 1 of Grant Agreement with the EC
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DP



Decentralised Producer or Decentralised electricity Producer.



DSO



Distribution System Operator



EbIX



European forum for energy Business Information eXchange.



EC



European Commission



EFET



European Federation of Energy Traders.



EIC



ETSO Identification Coding.



EMS



Energy Management System



ENTSO-E



European Network of Transmission System Operators for Electricity.



EPRI



Electric Power Research Institute.



ETSI



European Telecommunication Standard Institute (APPENDIX F)



ETSO



European Transmission System Operator association.



EU



European Union



HV



High Voltage



ICT



Information and Communication Technologies.



IEC



International Electro-technical Commission.



IEM



Internal Electricity Market.



ISO



International Organization for Standardization.



IT



Information Technology



LC



Large Consumer



LV



Low Voltage



MDM



Meter Data Management System.



MV



Medium Voltage



NMAE



Mean Absolute Errors (appendix F)



NORDEL



Organisation for the Nordic Transmission System Operators



NWP



Numerical Weather Predictions (appendix F)



OPEX



OPerational EXpenditure



OTC



Over The Counter (market)



PA



Production Aggregator



PHVE



Plug-in Hybrid Vehicles Electric



POD, POC, POS Point Of Delivery, Point Of Connection, Point Of Supply of consumers PPA



Power Purchase Agreement



PV



Photo-Voltaic



PwRT



Producer with Regulated Tariffs.



R&D



Research and Development



RES



Renewable Energy Sources



RET



Retailer
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RF



Radio Frequency.



SCADA



Supervisory Control And Data Acquisition



SME



Small and Medium Enterprise.



SO



System Operator



SRP



Scheduled Re-Profiling



STLF



Short-Term Load Forecasting



T&B



Traders or Brokers



ToU



Time of Use



TSO



Transmission System Operators.



μCHP



Micro-Combined Heat and Power



UCTE



Union for the Co-ordination of Transmission of Electricity.



UN/CEFACT



United Nations Centre for Trade Facilitation and Electronic Business.



UML



Unified Modelling Language.



VRPF



Voltage Regulation and Power Flow control.



WP



Work Package



A.2. List and identification of the AD services The two tables below gives respectively: -



the list of the electricity system players to which AD services are provided, along with the corresponding abbreviations



-



the list of the AD services provided to them along with the corresponding type of AD products and their unique identification code (ID). Table 18. Electricity system players to which AD products/services are provided Abbreviation BRP



Player Balancing Responsible Party.



CP



Centralised Producer or Centralised electricity Producer.



DP



Decentralised Producer or Decentralised electricity Producer.



DSO



Distribution System Operator.



LC



Large Consumer.



PA



Production Aggregator.



PwRT



Producer with Regulated Tariffs.



RET



Retailer.



T&B



Trader or Broker.



TSO



Transmission System Operator.
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Table 19. List of AD services Player



Retailer



Centralised Producer



Type of AD Product



ID



Short-term load shaping in order to Optimise Purchases and Sales.



SRP



SRP-SOPS-RET



Management of Energy Imbalance in order to minimise deviations from declared consumption programme and reduce imbalance costs.



SRP



SRP-MEI-RET



Reserve capacity to manage short-term Risks.



CRP



CRP-SR-RET



Short-term optimisation through load shaping in order to Optimise the Operation of its Generation portfolio.



SRP



SRP-SOG-CP



Management of Energy Imbalance in order to reduce imbalance costs.



SRP



SRP-MEI-CP



Tertiary Reserve provision in order to meet obligation of tertiary reserve provision contracted with the TSO.



CRP



CRP-TR-CP



Short-term Management of Energy Imbalance in order to minimise deviations from declared production programme (low uncertainty).



SRP



SRP-SMEI-DP



Load shaping in order to Optimise its Economic Profits.



SRP



SRP-OEP-DP



Tertiary reserve provision in order to meet contracted tertiary reserve programme.



SRP



SRP-TR-DP



CRP-2



CRP-2-SMEI-DP



CRP



CRP-SMEI-DP



Reserve capacity to manage provision of contracted Tertiary Reserve (medium uncertainty).



CRP



CRP-TR-DP



Reserve capacity to manage provision of contracted Tertiary Reserve (medium uncertainty).



CRP-2



CRP-2-TR-DP



SRP



SRP-SLLI-PwRT



SRP



SRP-SLI-PwRT



Principal services



Decentralised Reserve capacity to Short-term Manage Energy electricity Imbalance in order to minimise deviations from Producer declared production programme (high uncertainty). or Reserve capacity to Short-term Manage Energy Imbalance but the DP knows the direction of the Production imbalance probably because the time to the Aggregator forecasted imbalance is shorter (medium uncertainty).



Producer with Short-term Local Load Increase in order to Regulated compensate the effect of network evacuation tariffs limitations and to be able to produce more. Short-term Load Increase in order to avoid being cut-off.
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Traders and brokers



Balancing Responsible Parties



Local Load Increase reserve in order to compensate the effect of network evacuation limitations and to be able to produce more or to invest more in generation capacity



CRP



CRP-LLI-PwRT



Load Increase reserve in order to avoid being partially cut off, or even to be authorized to invest more.



CRP



CRP-LI-PwRT



Reserve capacity to Manage Energy Imbalance in order to minimise deviations from the production program previously declared and reduce the imbalance costs.



CRP-2



CRP-2-MEI-PwRT



Short-term Optimisation of Purchases and Sales by load shaping



SRP



SRP-SOPS-T&B



Short-term Optimisation of Purchases and Sales through Reserve Capacity



CRP



CRP-SOPS-T&B



Management of Energy Imbalance (low uncertainty)



SRP



SRP-MEI-BRP



Management Energy Imbalance (medium uncertainty)



CRP



CRP-MEI-BRP



CRP-2



CRP-2-MEI-BRP



Minimisation of Energy procurement Costs



SRP



SRP-MEC-LC



Scheduled Re-Profiling Load Reduction (slow).



SRP



SRP-LR-SL



Scheduled Re-Profiling Load Reduction (fast).



SRP



SRP-LR-FT



Scheduled Re-Profiling for Voltage Regulation and Power Flow Control (slow)



SRP



SRP-VRPF-SL



Conditional Re-Profiling Load Reduction (Fast).



CRP



CRP-LR-FT



Conditional Re-Profiling for Voltage Regulation and Power Flow control (Fast).



CRP



CRP-VRPF-FT



Bi-directional Conditional Re-Profiling for Tertiary Reserve (Fast).



CRP-2



CRP-2-TR-FT



Bi-directional Conditional Re-Profiling for Tertiary Reserve (Slow).



CRP-2



CRP-2-TR-SL



Management Energy Imbalance (high uncertainty) Large consumers



DSO/TSO



TSO
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A.3. Definitions Active Demand (AD) In ADDRESS, “Active Demand” means the active participation of domestic and small commercial consumers in the power system markets and in the provision of services to the different power system participants. Within ADDRESS, “Active Demand” involves all types of equipment installed at the consumers’ premises: electrical appliances (“pure” loads), distributed generation (such as PV or micro-turbines) and thermal or electrical energy storage systems.



Active Demand products or AD products An AD product is what aggregators provide to the players and which the players use to create the services (see Active Demand services). An AD product is a specified power capacity to be delivered by an aggregator over a specific time horizon. 1. Fundamental characteristics of AD products Conditionality of power delivery: -



Conditional delivery: the power delivery associated with the product has to be “triggered” by the buyer. The buyer has the option to call for a pre-agreed power volume to be delivered by the aggregator.



-



Unconditional delivery: the buyer does not need to do anything. The aggregator has an obligation to deliver the pre-agreed power volume.



Range of power delivery: -



The power delivery may be unidirectional (requiring only for a demand reduction or a demand increase on the part of the aggregator).



-



Otherwise, the power delivery may be bidirectional (requiring the possibility by the aggregator to deliver both a demand reduction and a demand increase).



We note that bidirectional delivery can be considered as an arrangement of two unidirectional products. Atomic or composite nature: AD products may be: - “Atomic” in the sense that they refer to a single product delivery to provide a service over a specific timeframe. - “Composite” in the sense that one can build more complex products (and ultimately services) by arranging together a number of atomic products. For example, considering yearly delivery of tertiary reserve during peak hours - the product atom here may be one hour of a CRP (see below) - the composite product is the delivery of multiple CRP over all peak hours of the year Composite products may have couplings in between atoms. 2. Main types of AD products Table 20 gives the three fundamental products that an aggregator can provide.
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Table 20. AD products AD Product



Conditionality



Typical example



Scheduled ReProfiling (SRP)



Unconditional (obligation)



The aggregator has the obligation to provide a specified demand modification (reduction or increase) at a given time to the product buyer.



Conditional ReProfiling (CRP)



Conditional (real option)



The aggregator must have the capacity to provide a specified demand modification during a given period. The delivery is called upon by the buyer (similar to a reserve service).



Conditional (real option)



The aggregator must have the capacity to provide a specified demand modification during a given period in a bi-directional range [ -y, x ] MW, including both demand increase and decrease. The delivery is called upon by the buyer of the AD product (similar to a reserve service).



Bi-directional Conditional ReProfiling (CRP-2)



CRP-2 is bi-directional but it can be obtained from the combination of two CRPs. It can therefore be considered as a variant of the previous one, leading then to two basic AD products.



3. AD products template



Power



Negotiation gate closure



Re-profiling activation time (CRP only)



Re-profiling volume time



Re-profiling duration Re-profiling availability interval (CRP only)



Energy payback



Figure 29. AD product power delivery template Figure 29 shows the basic power delivery template of an atomic AD product. In the figure, -



the re-profiling volume is the AD product volume or volume range. It may be positive or negative (or even be bidirectional – see above). Instead of a volume an envelope may also be specified (minimum and maximum, MW) to provide upper and lower bounds on the product delivery (i.e. a tolerance between the agreed product volume and the volume delivered). This is described in Section 3 of the core document of Deliverable D1.1.



-



Energy payback is a tolerance specifying an admissible energy payback effect that may occur after the delivery of the AD product. We note that the energy payback tolerance could be an extension of the service delivery envelope. Moreover, if energy payback is explicitly considered in the product delivery, it may happen prior to the “main” product delivery (e.g. by charging thermal or chemical storage) as well as partly before and partly after.



-



The re-profiling duration is the deployment duration associated with the product power
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shape. -



The re-profiling availability interval (for CRP only) is the time interval over which the conditional power delivery associated with the product may be called upon.



-



The re-profiling activation time (for CRP only) is the time between activation call by the buyer and the effective start of the power delivery by the aggregator.



Active Demand service or AD service An AD service is a specific instance of the use of basic Active Demand products. The terminology here is such that the services actually refer to the fulfilment of specific needs of the players. So far, a large number of services for both regulated and deregulated players have been identified and are described in details in Appendices C and D.



Balancing responsible party (BRP) Entity responsible, over an assigned perimeter, for having equivalent injection and subtraction of electricity from the grid. It subsequently compensates financially the TSO for negative imbalances observed in real time, or it receives financial compensation from the TSO in case of positive imbalances. It contracts with consumers and producers to carry out this function, and does not therefore need any physical assets. Some distribution grids may also have BRPs.



Bi-directional Conditional Re-Profiling or CRP-2 Conditional Active Demand product in which the aggregator must have the capacity to provide a specified demand modification during a given period in a bi-directional range [ -y, x ] MW, including both demand increase and decrease. The delivery is called upon by the buyer of the AD product (similar to a reserve service). CRP-2 can be obtained from the combination of two CRPs. It can therefore be considered as a variant of the CRP product. See Active Demand products for more details.



Centralised electricity producer Electricity producer with generator(s) connected to a high-voltage transmission grid. Production can be dispatchable and/or non-dispatchable.



Conditional Re-Profiling or CRP Conditional Active Demand product in which the aggregator must have the capacity to provide a specified demand modification during a given period. The delivery is called upon by the buyer (similar to a reserve service). See Active Demand products for more details.



Consumer Entity purchasing electricity for powering its loads. It may be “passive” in the sense that it determines its consumption entirely with respect to its own needs, or “active” in the sense that it can interact with
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other players to determine or alter its consumption. Certain consumers may also have their own production and/or storage capacity (sometimes referred to as prosumers).



Consumer considered for providing Active Demand in ADDRESS Domestic and small commercial consumers (including public buildings) with the following characteristics: -



single phase or three-phase connection to Low Voltage (LV) networks



-



100 kW maximum power consumption and/or generation.



Decentralised electricity producer Electricity producer with generator(s) connected to a medium or low-voltage distribution grid. Production can be dispachable and/or non-dispachable.



Demand aggregator Entity acting as an intermediary between several consumers and other players in the system. Its main function is to group large numbers of relatively small consumers so as to create economies of scale and simplify overall system operation. Some of these consumers may have storage and/or production capacity.



Distribution System Operator (DSO) Regulated entity responsible for the transport of the electrical power on the distribution networks (e.g. between the high voltage Transmission system and the end consumer. They provide access to the distribution network users according to non-discriminatory and transparent rules. In order to ensure the quality and security of supply, they also guarantee the safe and economic operation and the maintenance of the distribution grid [9]. DSOs have to provide system services such as voltage control, network restoration, etc. Depending on the type of distribution network and its capability, they may also control the power flows on the distribution and may alter the decentralised generator schedules to manage constraints and congestions on the network. They are generally in control of all system switching for scheduled and emergency outages. Being regulated, a DSO is generally forbidden to act in a way that competes with deregulated entities. It is often also referred to as a Distribution Network Operator (DNO).



Electricity broker Entity whose principal commercial activity is to act as intermediary between seller and buyer of electricity on the wholesale power markets. They may be operating on cross-border interconnections.



Electricity producer with regulated tariff Electricity producer with pre-defined and contracted terms and conditions determined by the framework of national or local energy regulation (for example for the promotion of renewable energies). It is assured of selling all of its production, which can be dispatchable and/or nondispatchable.
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Electricity storage supplier or operator Entity purchasing electricity with the objective of storing it and reselling it to other players at a later time. May or may not own the storage facility.



Electricity trader Entity whose principal commercial activity is the purchase and resale of electricity on the wholesale power markets. Traders may be speculators and can contribute to risk management. They may be operating on cross-border interconnections.



Equipment manufacturer Entity designing, developing and supplying technical equipment used by other players in the electricity system.



Production aggregator Entity acting as an intermediary between several electricity generators and other players in the system. Its main function is to group large numbers of relatively small generators so as to generate economies of scale by reducing the overall transaction costs of small producers in accessing the markets. One example of this player is the Commercial Virtual Power Plant (CVPP) as defined in the FENIX European project [10].



Prosumer The term prosumer comes from the contraction of producer and consumer; a prosumer is therefore a consumer who has generation and/or storage capabilities in its premises (e.g. embedded generation such as photo-voltaics, micro-turbine, etc.). In the literature, the term prosumer may also be used to indicate (pro)active consumer which may lead to confusion. Therefore, to avoid any confusion in the ADDRESS project, it was decided to use only the term consumer, which is more general.



Retailer Entity whose main commercial activity is the wholesale purchase of electricity and the subsequent direct resale to individual consumers.



Scheduled Re-Profiling or SRP Unconditional Active Demand product in which the aggregator has the obligation to provide a specified demand modification (reduction or increase) at a given time to the product buyer. See Active Demand products for more detail.



Service provider Entity providing services to players in the system (such as metering, communication, maintenance, etc.) other than aggregation and storage.
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This definition includes service providers to the consumers.



Smart Grid Taking the definitions given by Eurelectric [11] and the SmartGrids European Technology Platform [12], a Smart Grid is an electricity network that can intelligently integrate the behaviour and actions of all users connected to it - generators, consumers and those that do both - in order to efficiently ensure sustainable, economic and secure electricity supply. A Smart Grid employs innovative products and services together with intelligent monitoring, control, communication, and self-healing technologies to: - better facilitate the connection and operation of generators of all sizes and technologies; - allow consumers to play a part in optimizing the operation of the system; - provide consumers with greater information and choice of supply; - significantly reduce the environmental impact of the whole electricity supply system; - deliver enhanced levels of reliability and security of supply. SmartGrids deployment must include not only technology, market and commercial considerations, environmental impact, regulatory framework, standardization usage, ICT (Information & Communication Technology) and migration strategy but also societal requirements and governmental edicts. From a practical point of view, this definition may be completed and/or summarized in the following way, a Smart Grid is a framework for delivering energy which combines existing infrastructure with new one, equipped with adequate sensing, monitoring, IT and communication features and which provides a wide range of services to its users aligned with the energy policy objectives (sustainability, competitiveness, security of supply).



“Smart load reduction” service Both TSO and DSO might need some form of load reduction in a certain area of their networks when, due to maintenance issues or following network failure, a load reduction is needed (here, emergency control of loads is not considered). Nowadays if such a problem occurs, entire feeders are disconnected. AD could contribute to smarter load reduction carried out by aggregators selling these services to TSOs and DSOs.



“Tertiary Active Power Control” service Tertiary reserves (for frequency control) are used as non-automatic action to restore adequate control margins, i.e. when generators work close to the upper or the lower bound of their regulating capabilities. Frequency control is under the responsibility of TSOs. However with the development of distributed generation on distribution networks and the evolution towards active distribution networks, DSOs may be involved, directly or indirectly, in the provision of the services for this control.



Transmission System Operator (TSO) Entity responsible for the bulk transmission of electric power on the main high voltage electric networks. TSOs provide grid access to the electricity market players (i.e. generating companies, traders, suppliers, distributors and directly connected consumers) according to non-discriminatory and transparent rules. In order to ensure the security of supply, they also guarantee the safe operation and maintenance of the system [9].
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TSOs have to provide reliable and economic system services such as frequency and voltage control, network restoration, stability control, etc. TSOs may alter generator schedules to maintain the power balance between generation and demand, and manage constraints and congestions on their network. They are generally in control of all system switching for scheduled and emergency outages, although the network owners may do the actual switching. In many countries, TSOs are also in charge of the development of the grid infrastructure too. The roles of transmission system operator and transmission network owner are often combined, but do not need to be. They may also be responsible for oversight of parts of wholesale electricity markets (as market operators).



“Voltage regulation and power flow control” (VRPF) service System operators (DSO and TSO) can resort to AD services to carry out voltage regulation and power flow control. They can accomplish these functions by foreseeing production/consumption plans for a target period and rearranging them if they do not comply with network constraints. They also have the possibility of requesting a production/consumption modification during the target period, to be used as back up.
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Executive Summary The ADDRESS European project aims to deliver a comprehensive commercial and technical framework for the development of “Active Demand” (AD) in the smart grids of the future. Specifically, ADDRESS is investigating how to effectively develop the participation of domestic and small commercial consumers in the power system markets and in the provision of services to the different power system participants. This document contains the appendices of Deliverable D1.1 - “Conceptual architecture including description of: participants, signals exchanged, markets and market interactions, overall expected system functional behaviour” of the ADDRESS project. The main objective of Deliverable D1.1 is to describe the conceptual technical and commercial architectures developed to enable AD and to exploit its benefits, and more specifically: 1. the participants and other components of the architectures, 2. the services that could be provided by AD and the markets interactions, 3. the different interactions between the participants and the design of the signals exchanged between them in relation to the provision of these services, 4. the overall system behaviour both from the commercial and technical points of view and the corresponding basic requirements for the implementation of the architectures, 5. the issues to be solved and potential barriers to be removed. Deliverable D1.1 is composed of two reports: -



a first document which is the core document of the deliverable and provides a condensed and hopefully reader-friendly description of the technical and commercial architectures developed in the ADDRESS project. It consists of 9 Sections plus Appendix A (the project glossary).



-



The present report containing the appendices which provide a detailed description of the topics covered in the core document. The document of the appendices is composed of 9 Appendices “numbered” from B to J. It is described in more detail below.



Recalling the 5 points covered by the deliverable and listed above, -



The first 3 points, namely the participants, the services provided by AD, the interactions between the participants and the signals exchanged are covered in Sections 2 and 4 of the core document and in Appendices C, D, E and G, regarding the regulated and deregulated participants1 and their relationships with the aggregator.



-



The description of the aggregator, its interactions with the consumers and the signals exchanged are covered by Section 3 of the core document and Appendix F.



-



The last 2 points, namely the overall system behaviour, the basic requirements for the architecture implementation and the issues to be solved are covered in Section 5 of the core document and in Appendices H and I.



Table 1 shows the relationship between the sections of the core document and the appendices of Deliverable D1.1. This table therefore summarizes the overall structure of Deliverable D1.1.



1



Other than the aggregator and the consumers
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Structure of Deliverable D1.1 – Sections of core document and Appendices



Appendix C - Active demand (AD) services for deregulated players Section 2 - Description of the services provided by Active Demand



Appendix D - AD services for regulated players (DSO and TSO) Appendix E - Relationships between the players



Section 3 - The ADDRESS aggregator and consumers’ flexibility



Appendix F - The ADDRESS aggregator and consumers’ flexibility



Section 4 - Process for the calculation of price and volume signals



Appendix G – Process for the calculation of the price and volume signals exchanged between the players for AD exploitation



Section 5 – ADDRESS commercial and technical architectures



Appendix H - Requirements for the implementation of the technical and commercial architectures Appendix I - Issues to be addressed for the implementation of the ADDRESS architectures



Appendix A – ADDRESS Glossary



Appendix B – ADDRESS project structure and main deliverables



Core document



Sections 7, 8, 9 – Acknowledgement, References, Revision history



Section 1 - ADDRESS objectives, concepts, architecture and introduction to Deliverable D1.1



Document of the appendices



Section 6 – Next steps within ADDRESS



Core document



Appendix J - Relevant elements of standardisation and brief description of the UML approach



Table 1.



As mentioned above, the present document is composed of the appendices of Deliverable D1.1 (except Appendix A which is included in the core document). They are listed below along with a short description. Appendix B - ADDRESS project structure and main deliverables describes: - the structure of the project and the methodology adopted to reach the objectives. - The main expected results along with the corresponding schedule. Appendix C - Active demand (AD) services for deregulated players describes: - the deregulated players along with their roles, main stakes, short term and long term needs with respect to their stakes, and expectations with respect to AD. - The services that AD can provide to them. - The description of the corresponding use cases. Appendix D - AD services for regulated players (DSO and TSO) describes: - the needs and expectations of the DSOs and TSOs with respect to AD. - The services that AD can provide to them. - The description of the corresponding use cases.
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Appendix E - Relationships between the players discusses issues related to relationships between the players that need (or have needed) detailed investigations and possibly the development of appropriate solutions. Namely, the following relationships are considered: - the relationships between the regulated and deregulated players, and in particular between the aggregators and the DSOs/TSOs. - The relationships between DSOs and TSOs. - The special case of the relationships between aggregators, retailers, BRPs and TSOs with respect to possible issues raised by the balancing mechanism and balancing settlement. Appendix F - The ADDRESS aggregator and consumers’ flexibility describes: - the relationship between the aggregator and the consumers. - The management of the Energy payback effect. - The aggregator’s strategy and operatives decisions. - Aggregator’s risk management. - Monitoring/assessment of AD product provision and consumer’s response. - The consumers’ flexibility and capabilities for AD service provision. Appendix G – Process for the calculation of the price and volume signals exchanged between the players for AD exploitation describes the approach proposed for representing the optimisation process of the different players and for the calculation of the price and volume signals that will be exchanged in relation with the AD product provision. Appendix H - Requirements for the implementation of the technical and commercial architectures, describes: - the technical and commercial requirements for the provision of the AD services, - How they can be grouped and further categorised to provide technical and commercial requirement-based structures. Appendix I - Issues to be addressed for the implementation of the ADDRESS architectures, describes potential problems and barriers that have been identified in relation with the implementation of the ADDRESS architectures and more generally the development of Active Demand. Possible solutions to some of them are also mentioned. Appendix J - Relevant elements of standardisation and brief description of the UML approach describes different elements of standardization that may be useful for the ADDRESS project such as the ETSO role model, IEC standards, the activities of associations such as ETSO, UCTE, ENTSO-E, ebIX, UN/CEFACT. The main objective is to determine, which standards and methods we could leverage in the ADDRESS project and ADDRESS Framework proposal. This appendix also gives a brief introduction to the UML approach and the advantages of using it in the project.



Warning: the appendices provide a detailed description of topics covered in the core document but even though some repetitions are made between the sections of the core document and the appendices, these latter are not expected to be self-sufficient.
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0.5prev2



22/03/2010



See first page



Version 0.5prev document incorporating additional pages. Still some 12 pages missing in Appendix F.



0.5



22/03/2010



See first page



First complete draft of Appendices document incorporating the comments of the ADDRESS internal reviewers received up to now.



0.9



9/04/2010



See first page



Version for final approval, incorporating the comments of the ADDRESS internal reviewers, QM and TM.



1.0



21/04/2010



PC



Final version for publication approved by PC, TM, QM, QMO.
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Appendix B. ADDRESS project structure and main deliverables Before describing the contents of Deliverable D1.1 and the results obtained in the project, it has appeared useful to start with a short overview of the ADDRESS project itself. That’s why the first section of the core document presents: (i) the ADDRESS project target and objectives, (ii) its main concepts and the proposed architecture, (iii) a short description of Work Package 1 (WP1) in which Deliverable D1.1 has been produced. Appendix B complements Section 1 of the core document and gives: -



the structure of the ADDRESS project in terms of the Work Packages (WPs) along with a schematic representation of the work schedule,



-



the methodology adopted to reach the project objectives,



-



the list of the main deliverables.



B.1. Project structure and methodology Figure 1 shows the structure of the Work Packages (WPs) which closely follows the methodology adopted in the project to reach the objectives (which are recalled in Section 1 of the core document). It also gives a schematic representation of the work schedule.



WP8 – ENEL DISTR Project Management



2008 2009 2010 2011 2012 Year 1 Year 2 Year 3 Year 4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4



WP1 – EDF Concepts, Requirements and Scenarios



WP1 WP2 – IBERDROLA WP3 – ENEL DISTR Metering, DSM, DER Active grid operation flexibility management WP4 – ABB Communication architecture for smart grids with active demand



WP5 – UNIMAN Acceptance and benefits for the users



WP6 – KEMA Field testing for validation of most promising solutions and project outcomes assessment



WP2 WP3 WP4 WP5 WP6 WP7 WP8



WP7 – CASSINO Dissemination and exploitation of the results



Figure 1.



Structure of the WPs and schematic representation of work schedule
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More specifically, apart from the project management (WP8), the methodology implies the following steps (not necessarily sequential in time – see schematic work schedule in Figure 1): 1. Develop o the project concepts, and in particular the aggregator and the mechanisms for the exchange of price and volume signals o the ADDRESS technical and commercial architectures along with the corresponding functional requirements based on the developed concepts o 4 or 5 scenarios chosen to reflect different sufficiently representative European electricity system situations relevant for the ADDRESS future at the horizon of 2020 ¾ These activities are carried out in WP1. 2. Develop o the enabling technologies, algorithms and prototypes, o and test them individually in laboratories ¾ in WP2 for consumers, aggregators and other deregulated market participants, ¾ in WP3 for DSOs and TSOs and the operation of the grids, ¾ in WP4 for the communication architecture. 3. Develop o contractual, market & regulatory mechanisms for the exploitation of the benefits of Active Demand, o recommendations for accompanying measures for social acceptance. ¾ These activities are carried out in WP5. 4. Validate and assess o Validate the concepts and the solutions developed at 3 different field test sites with different demographic and electricity supply characteristics in Spain, Italy and on a French island o Assess the solutions performance and project outcomes (concepts, architectures, …) ¾ These activities will be carried out in WP6 5. Recommend and disseminate o Define recommendations for the different stakeholders: regulators, communities, power system participants, R&D “world”, standardisation bodies, … o Deploy and communicate the results. ¾ These activities are carried out in WP7.



B.2. ADDRESS main deliverables Table 3 gives the list of the main deliverables of the project along with the expected delivery date and the accessibility status (PU means public and CO means confidential, that’s to say restricted to ADDRESS consortium).
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Table 3. Date



Main deliverables of the ADDRESS project



Description



WP Accessibility



Oct. 2009 Conceptual architecture including description of: participants, (Appendices signals exchanged, markets and market interactions, overall in April 2010) expected system functional behaviour



1



PU



April 2010



Application of the conceptual architecture in 4 or 5 specific scenarios



1



PU



Feb. 2011



Algorithms for aggregators and consumers (and for their equipment)



2



PU



June 2011



Prototype of Local Energy Management equipment and integration of algorithms for control of load, generation and storage



2



CO



June 2011



Prototypes and Algorithms for network management, providing the signals sent by the DSOs to the aggregators and the markets, enabling and exploiting active demand



3



PU



Dec. 2010



Documentation of Software Architecture and encoding in UML, including compiled software with API description



4



PU



June 2011



Technical guide for building up a Smart Grid telecommunication infrastructure



4



CO



June 2011



Description of market mechanisms (regulations, economic incentives, contract structures) that enable active demand participation



5



PU



June 2012



Key economic and societal factors influencing the adoption of ADDRESS architecture for power system participants. Report on the results verified by the experience in the field tests (WP6).



5



PU



Business cases for Customers, Aggregators and DSOs in the scenarios detailed in WP1 June 2011



CO



Description of test location and detailed test program for prototype field tests, complementary simulations and hybrid tests



6



PU



Prototype field tests, assessment of the results and of the performance of the developed prototypes



6



PU/CO



June 2012



Evaluation of ADDRESS concepts with regard to development of active demand and large scale integration of DER



6



CO



June 2010



Project mid term international workshop



7



PU



June 2012



Project final international workshop and brochure



7



PU



April – May 2012



Recommendations for standards committees, regulators, stakeholders groups, future R&D



PU



Final plan for the use and dissemination of results



CO



Copyright ADDRESS Consortium



page 16 of 287



ADDRESS Technical and Commercial Conceptual Architectures - Appendices ADD-WP1-T1.5-DEL-EDF-D1.1-Technical_and_Commercial_Architectures-Appendices



Revision 1.0



Appendix C. Active Demand (AD) services for deregulated players Appendix C complements Section 2 of the core document (see Table 1) and describes in detail: -



in Section C.1 below, the deregulated electricity system participants taking part in the ADDRESS architecture (apart from the aggregator and the consumers who are considered in detail in Appendix F) and more specifically: o



the role of the players and their main functions in the system,



o



their main stakes and contextual constraints,



o



their short-term and long-term needs generated by the stakes,



o



their expectations with respect to AD.



-



Then in Section C.2, the services and products that can be provided to them by AD within the scope of the project. In particular, emergency situations will not be studied, as well as services involving time responses not compatible with the 20 to 30 minute minimum time frame considered for the exchange of signals with the consumers. All the services identified are formulated in a standardized way using the AD products and the template presented in Section 2 of the core document. For an easier reading, the AD products and the template for the power delivery process are recalled in Section C.2.



-



For each AD service presented, the interactions between all the participants involved in the AD service provision in the form of use cases2 (also in Section C.2). In particular the two reference use cases that were defined for the provision of AD services to deregulated participants are presented graphically in the form of sequence diagrams.



In Sections C.1 and C.2, the results are presented player by player and for a given player service by service. This organisation of the information necessarily leads to repetitions between players and/or services since the services for different deregulated players may often be rather similar. But this allows to have direct access to a complete description when one is interested in a specific player or in a specific service.



C.1. Players roles, stakes, short term and long term needs Apart from the ADDRESS consumers (domestic and small commercial consumers) and the aggregator3, 9 different deregulated players were identified. They were divided into three main categories and are defined in the Glossary (see Appendix A): - Producers: central producers, decentralised electricity producer, producer with regulated tariff and obligations (reserve, volume, curtailment, etc.) - Intermediaries: production aggregators, energy traders, electricity brokers, Balancing Responsible Parties (BRPs), retailer - Consumers: large consumers. For the purpose of ADDRESS in order to have a clear and more easily understandable view, we consider here “archetypal” players with clearly separated roles and functions. However, in “real” life, a given company may have several of the roles as defined in this section. 2



The use case for a service represents on a timeline all the interactions between the players involved in the provision of this service (including those involved in the technical verification), along with their internal processes. 3 The ADDRESS consumers and the aggregator are considered in Section 3 of the core document and in Appendix F.
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The needs and expectations of the deregulated players with respect to active demand were analysed on the basis of their roles, functions and stakes. More specifically, for each of these players, the following aspects were considered: - role of the player and main functions in the system, - main stakes and contextual constraints, - short-term needs and long-term needs generated by the stakes, - expectations with respect to AD, - possible services provided by AD and basic requirements. The results of this analysis are given below for each player.



Player role



“Retailer”



Principal function(s) in the system



To purchase electricity on the wholesale market



Contextual constraints



To meet the declared consumption programme.



To supply electricity to its customers



To respect supply contracts with its customers. Main Stake



To maximise its profits under constraint of risk management



Short-term needs generated by the stakes



Forecasting and setting of the sales conditions and prices. Forecasting and negotiation of the purchasing conditions and costs. Maximising the margin between purchases and sales.



Long-term needs generated Structuring strategically its portfolio of consumers and wholesale by the stakes suppliers Expectations with respect to To minimise consumption when the margin is negative and maximise Active Demand consumption when the margin is positive Æ requires a modification in power consumption on a given time span at a given time To minimise deviations from the declared consumption programme and from the contracted purchase volume Æ requires a modification in power consumption at very short term (intra-day) Month(s) ahead: to help structure long-term purchasing contracts so as to maximise margin Æ requires a recurring periodic modification in power consumption for a given time span over a given period (seasonal)
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Player role Principal function(s) the system Contextual constraints



“Centralised producer” in To generate contracted electricity onto the HV grid To maintain the latest production programme (for each plant) declared to the contracted party (ex : TSO, BRP) To respect contracts to provide ancillary services to the contracted parties (for example with the TSO) To comply with the grid code and pollution control To reduce financial/contractual risks incurred by unanticipated supply interruptions



Stakes



To maximise the returns generated by its activities under constraint of risk management.



Short-term needs generated by the stakes



Planning and optimising the economic use of existing generating facilities for the day and days ahead (for example by varying the mix of base/half-base/peak) Reducing the costs generated by the supply of ancillary services (for example by shifting the reserves to more costly generators) Planning and optimising the economic use of existing generating facilities for the week(s) and month(s) ahead (for example by better planning of fuel purchases and of maintenance shut-downs)



Long-term needs generated by the stakes



Optimising future generation fleet/park (for example by balancing capex, opex and pollution control) with a strategic vision of opportunities. Available contracted reserve Remark: overall long-term and short-term optimisation could perhaps bring additional needs



Expectations with respect Provide them more flexibility for participating in frequency control services Æ requires a modification in power consumption available at to Active Demand very short notice (a few minutes) Optimise the profits generated by commercial activity by buying AD flexibility as a function of the market prices Æ requires a modification in power consumption at short term (intra-day).
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Player role



“Decentralised Electricity Producer”



Principal function(s) in the system



To generate electricity that is injected into the medium or low voltage grid and to obtain returns from it.



Contextual constraints



To fulfil the requirements for access, connection and operation To comply with the conditions of the contracts To participate in the wholesale electricity markets To meet the declared production programme To deliver compulsory ancillary services NB: the last three points depends on the regulatory context and market structure.



Stakes



To maximise the returns generated by the commercial activity.



Short-term needs generated by the stakes



To minimise the imbalances



Long-term needs generated by the stakes



To improve the control capabilities of non-dispatchable generators.



To optimise the economic use of the existing generation facilities



To minimise the investment costs of future generation facilities.



Expectations with respect Reduce imbalance costs Æ requires a modification in power consumption at short term (intra-day). to Active Demand Optimise the profits generated by commercial activity by buying AD flexibility as a function of the market prices Æ requires a modification in power consumption at short term (intra-day). Provide more flexibility for participating in frequency control services Æ requires a modification in power consumption available at very short notice (a few minutes).
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Player role



“Producer with regulated tariff”



Principal function(s) in the system



To generate electricity onto the HV, MV or LV grids To contribute to lower CO2 emissions



Contextual constraints



To minimize deviations from the production programme declared to the TSO (depending on the existence of some kind of penalization mechanism related to production deviations). To contribute to system security by fulfilling fault-ride through requirements To provide ancillary services to the DSO or TSO in case it is compulsory (depending on the technical regulation or the grid code)



Stakes



In the short term, to maximize operation profits or in other words (for most of the Renewables) - to maximize production, - to minimize cost related to production deviations (unbalance) - to minimize cost to fulfil its ancillary services obligation and also (for CHP, biomass, ...) - to minimize fuel purchases (gas, fuel-oil, biomass) In the long term, to optimise investment decisions.



Short-term needs generated by the stakes



Optimising the economic use of existing generating facilities in realtime. Maximizing production (for Renewables) and optimising heat and power production (for CHP). Reducing the discrepancies between actual production and the one declared to the TSO (for example by better prediction methods) Reducing the costs generated by the provision of ancillary services.



Medium-term needs generated by the stakes



Optimising the economic use of existing generating facilities in the medium-term (for example by better planning of fuel purchases - for CHP - and of maintenance shut-downs - CHP and Renewables -).



Long-term needs generated by the stakes



Optimising the investment decisions on future generation facilities



Expectations with respect Reduce imbalance costs Æ requires a modification in power consumption at short term (intra -day). to Active Demand Optimise the profits generated by commercial activity by buying AD flexibility as a function of the market prices Æ requires a modification in power consumption at short term (intra -day). Provide more flexibility for participation in frequency control services Æ requires a modification in power consumption available at very short notice (a few minutes). Reduce the investment costs of future generation facilities Æ requires a modification in power consumption available at long term (a few months or years) Avoiding loss of excess generation in valley hours Æ requires a modification in power consumption available at medium term (day(s) ahead)
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Player role



“Production aggregator”



Principal function(s) in the system



To act as an intermediary between the aggregation of a large number of small power generators and other players in the system.



Contextual constraints



To participate in the electricity market To supply the declared production programme To deliver compulsory ancillary services To comply with the conditions of the contracts



Stakes



Maximization of the profits generated by its commercial activity.



Short-term needs generated by the stakes



Minimise the imbalances



Long-term needs generated by the stakes



Improve their dispatchability in order to participate in frequency control services provision.



Optimise the economic use of the existing generation facilities



Expectations with respect Reduce imbalance costs Æ requires a modification in power consumption at short term (intra -day). to Active Demand Optimise the profits generated by commercial activity by buying AD flexibility as a function of the market prices Æ requires a modification in power consumption at short term (intra -day). Provide more flexibility for participating in frequency control services Æ requires a modification in power consumption available at very short notice (a few minutes).
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Player role



“Energy Trader”



Principal function(s) in the system



To purchase and resell electric energy on the wholesale power markets. The trader takes title to the electricity until resold.



Contextual constraints



Grid access and grid structure Borders capacity (interconnecting lines capacity limits) Capacity allocation methods Scheduling by TSO Market structure and timetable for trading day IT platforms and transaction procedures Contractual structures Regulation Long term PPAs (Power Purchase Agreements) blocking capacity



Stakes



Maximising the profits generated by actively taking price risk Minimizing price risk (hedging)



Short-term needs generated by the stakes



Well functioning liquid spot market (day-ahead and intra-day market) Well functioning balancing mechanism (‘Balancing Market’) Clear information about generation (i.e.: production capacity availability aggregated by fuel type over the area of a normal wholesale market price zone, actual production on a plant by plant basis, individual plant outages) and loads Reliable prediction of energy prices Reliable prediction of congested interfaces



Long-term needs generated by the stakes



Market access support mechanisms and market transparency Clear roles for market participants Risk management tools



Expectations with respect Optimise short-term purchases and sales by trading AD flexibility as a function of the market prices and to reduce market volatility and risk to Active Demand Æ requires a modification in power consumption at short term (intra day).
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Player role Principal function(s) in the system



“Electricity Broker” To arrange transactions between electricity buyers and sellers. The broker doesn’t take title to the electricity To provide services to final customers and traders (e.g., drawing up contracts, economic/legal consultancy, invoicing verification, post contract service, risk management about energy price, etc.)



Contextual constraints



Wholesale market structure Regulatory framework Electrical system IT platforms Contractual legal framework



Stakes



Maximising the profits generated by transaction fees Customer satisfaction



Short-term needs generated by the stakes



Well functioning power markets Clear information about generation and loads Knowledge of customer needs



Long-term needs generated by the stakes



Market access support mechanisms and market transparency Clear roles for market participants (energy market regulations) Liquid market



Expectations with respect Extend the range of products proposed to market participants Æ requires modification in power consumption at different notices. to Active Demand
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Player role Principal function(s) in the system



“Balancing responsible party” To assist the TSO in balancing supply and demand and/or reducing network congestions, close to or during time of delivery. BRP comes in two forms:



Contextual constraints



-



Physical BRP: a consumer and/or a producer with physical connection to the grid



-



Third Party BRP: a profit-making entity that represents its customers such as consumers and/or producers with physical connection to the grid



Physical BRP: - to follow close to its production/consumption schedule to avoid imbalance costs. - To reduce system’s shortfall in exchange for financial benefits Third Party BRP: to comply with the conditions of the contracts with its customers and of the regulation.



Stakes



Physical BRP and Third Party BRP: maximising the profits generated by their commercial activities



Short-term needs generated by the stakes



Physical BRP: avoid paying too much imbalance costs. Making profit from assisting TSO to balance the system Third Party BRP :



Long-term needs generated by the stakes



-



make profits by assuming the risk of its customers deviating from their declared schedules



-



get paid by TSO to improve system balance: this is done by influencing the aggregated deviation of its customers to consume more/produce less than declared schedules when the system needs downward regulation (system is long) and vice versa (system is short)



Physical BRP: stay in business? Third Party BRP: establish customer loyalty and capture high-value consumers?



Expectations with respect Assist in meeting balancing functions Æ requires a modification in power consumption at short term (intra -day). to Active Demand



Copyright ADDRESS Consortium



page 25 of 287



ADDRESS Technical and Commercial Conceptual Architectures - Appendices ADD-WP1-T1.5-DEL-EDF-D1.1-Technical_and_Commercial_Architectures-Appendices



Revision 1.0



Player role



“Large consumer”



Principal function(s) in the system



Purchase electricity on the markets via the HV grid



Contextual constraints



Obligation to maintain the latest consumption programme declared to the TSO (in regulatory frameworks that require it). Obligation to fulfil the terms of purchasing agreements with suppliers.



Stakes*



Minimising the cost of electricity purchase, under constraint of minimal technical requirement (for his activity) and risk management



Short-term needs generated by the stakes



Forecasting and setting of the purchasing conditions and prices.



Long-term needs generated by the stakes



Structuring strategically his portfolio of suppliers



Expectations with respect Minimise purchases when prices are high to Active Demand



Table 4 below summarises the expectations of the deregulated players that can be met by the AD services, which will be discussed in this document. NB: traders and brokers are considered separately in Section C.1 in order to clearly identify their respective functions, stakes, needs and expectations with respect to AD. However later on in the report no distinction will be made between them any more. They will be considered together and represented by a unique abbreviation (T&B).
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Table 4.



Summary of the expectations of the deregulated players with respect to AD



Players



Expectations



Retailer (RET)



To minimise consumption when the margin is negative and maximise consumption when margin is positive Æ requires a modification in power consumption on a given time span at a given time To minimise deviations from the declared consumption programme and from the contracted purchase volume Æ requires a modification in power consumption at very short term (intraday) Month(s) ahead: to help structure long-term purchasing contracts so as to maximise margin Æ requires a recurring periodic modification in power consumption for a given time span over a given period (seasonal)



Decentralised electricity Producer (DP)



Reduce imbalance costs Æ requires a modification in power consumption at short term (intra-day). Optimise the profits generated by commercial activity by buying AD flexibility as a function of the market prices Æ requires a modification in power consumption at short term (intra-day). Provide more flexibility for participating in frequency control services Æ requires a modification in power consumption available at very short notice (a few minutes).



Centralised Producer (CP)



Provide CP more flexibility for participating in frequency control services Æ requires a modification in power consumption available at very short notice (a few minutes) Optimise the profits generated by commercial activity by buying AD flexibility as a function of the market prices Æ requires a modification in power consumption at short term (intra-day).



Producer with Regulated Tariffs (PwRT)



Reduce imbalance costs Æ requires a modification in power consumption at short term (intra -day). Optimise the profits generated by commercial activity by buying AD flexibility as a function of the market prices Æ requires a modification in power consumption at short term (intra -day). Provide more flexibility for participation in frequency control services Æ requires a modification in power consumption available at very short notice (a few minutes). Reduce the investment costs of future generation facilities Æ requires a modification in power consumption available at long term (a few months or years) Avoiding loss of excess generation in valley hours Æ requires a modification in power consumption available at medium term (day(s) ahead)



Production Aggregator (PA)



Reduce imbalance costs Æ requires a modification in power consumption at short term (intra -day). Optimise the profits generated by commercial activity by buying AD flexibility as a function of the market prices Æ requires a modification in power consumption at short term (intra -day). Provide more flexibility for participating in frequency control services Æ requires a modification in power consumption available at very short notice (a few minutes).



Electricity Trader



Optimise short-term purchases and sales by trading AD flexibility as a function of the market prices and to reduce market volatility and risk Æ requires a modification in power consumption at short term (intra-day).



Electricity Broker



Extend the range of products proposed to market participants Æ requires modification in power consumption at different notices.



Balancing Responsible Party (BRP)



Assist in meeting balancing functions Æ requires a modification in power consumption at short term (intra -day).



Large consumer (LC)



Minimise purchases when prices are high
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C.2. AD services provided to deregulated players Based on the previous analysis and more particularly on the expectations of the deregulated players with respect to AD, the services that AD could provide them were identified and characterized. Then using the AD products and the template for their description presented in Section 2 of the core document of Deliverable D1.1, all the services identified were re-formulated in a standardized way. For an easier reading the AD products and the template for the power delivery process are recalled below, respectively in Table 5 and in Figure 2.



Table 5.



AD product main charateristics



AD Product



Conditionality



Typical example



Scheduled reprofiling (SRP)



Unconditional (obligation)



The aggregator has the obligation to provide a specified demand modification (reduction or increase) at a given time to the product buyer.



Conditional reprofiling (CRP)



Conditional (real option)



The aggregator must have the capacity to provide a specified demand modification during a given period. The delivery is called upon by the buyer of the AD product (similar to a reserve service).



Conditional (real option)



The aggregator must have the capacity to provide a specified demand modification during a given period in a bi-directional range [ -y, x ] MW, including both demand increase and decrease. The delivery is called upon by the buyer of the AD product (similar to a reserve service).



Bi-directional conditional reprofiling (CRP-2)



The SRP and CRP products imply single specific unidirectional volume (which could possibly be a volume range). CRP-2 is bi-directional and it can be obtained from the combination of two CRPs. It can therefore be considered as a variant of the previous one.



dep Rlim



po Vser



Tact



end Rlim



Vpbtol



Tdur Tser



Figure 2.



AD product standardised delivery process



A detailed description of the AD products and of the above template can be found in Section 2 of the core document.
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Finally the corresponding “use cases” were derived. The use cases represent on a timeline all the interactions between the players involved in the provision of the services (including those involved in the technical verification carried out by the system operators), along with their internal processes. More specifically, two reference use cases were defined taking for basis services provided to the retailer, one for a SRP AD product and one for a CRP AD product. It appeared that, sensibly, these use cases can be adapted with only minor changes for all deregulated players. Indeed, the procedure that accompanies the usage of an AD service generally involves the following processes. Internal optimisation: a potential AD buyer will have to determine the best option available to meet its needs. Therefore, this step involves comparing the options (for instance AD services such as SRP and CRP and energy based services such as forward energy contracts) that are available to the AD buyer. The AD buyer then decides how much and which AD products are needed and what is the maximum price it is willing to pay. The AD buyer may buy from marketplaces allowing the purchase and sale of standardised products (such as power exchanges or trading platforms), or negotiate a bilateral contract which allows the AD buyer to include specific conditions that meet additional requirements. External optimisation: this sub-procedure is performed by counterparties i.e. aggregators and authorities that facilitate commercial transactions (i.e. market operators) and supervise the safe operation of the power systems (i.e. system operators). System operators such as DSOs and TSOs must be consulted for technical feasibility of the commercial transactions. After the verification of technical feasibility, final results of the transactions are announced. The AD buyer may not be able to obtain the whole amount of AD service it intends to consume originally. Execution: the aggregator(s) then communicates with consumers (the ultimate active demand providers) through their energy box. The consumers then deliver demand response according to the signals provided. Settlement: this process involves settling any amount due among the parties involved in the transactions. Rewards may be given to consumers/aggregators for over-performance while penalties are imposed otherwise. This part will not be represented in the use cases at the present stage but will be incorporated afterwards based on the results obtained later in other WPs (in particular WP5). The results of the standardized formulation of the services and of the use case description are presented below for each of the deregulated players starting with the retailer for which the two reference use cases were defined, allowing to describe the other service use cases by differences with respect to the reference use cases. The list of the 24 AD services for deregulated players is given in Table 6. Each of these services, for each player, are described in detail in the sections below. Remark: in Appendix C, the use case descriptions present only the case when the AD actions are technically feasible, i.e. the technical validation by the DSO and the TSO is successful and both the DSO and the TSO send an acceptance signal. The other cases need further investigations that will be carried out in other WPs of the project, namely WP2 (regarding the aggregator and the other deregulated players), WP3 (regarding DSO and TSO perspectives), and WP5 (regarding market mechanisms and regulatory aspects). The use cases will therefore be completed later to take into account the steps involved when the technical validation is not successful in the different situations (DSO not OK but TSO OK, DSO OK but TSO not OK, DSO and TSO not OK).
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Table 6. Player Retailer



Centralised producer



Decentralised electricity producer or Production aggregator



List of AD services for deregulated players Principal services



Type of AD Product



Short-term load shaping in order to optimise purchases and sales



SRP



Management of energy imbalance in order to minimise deviations from declared consumption programme and reduce imbalance costs



SRP



Reserve capacity to manage short-term risks (for example to mitigate the effect of large wholesale prices in period of high demand)



CRP



Short-term optimisation through load shaping in order to optimise the operation of its SRP generation portfolio. This may involve attempting to avoid forced generating unit shutdowns in valley periods or avoiding having to turn on expensive and dirty peaking units in high demand periods. Management of energy imbalance in order to reduce imbalance costs



SRP



Tertiary reserve provision in order to meet obligation of tertiary reserve provision contracted with the TSO



CRP



Short-term management of energy imbalance in order to minimise deviations from declared production programme in the case of low uncertainty



SRP



Load shaping in order to optimise its economic profits



SRP



Tertiary reserve provision in order to meet contracted tertiary reserve programme



SRP



Reserve capacity for energy imbalance short-term management in order to minimise deviations from declared production programme in the case of high uncertainty



CRP-2



CRP Reserve capacity for energy imbalance short-term management but the DP knows the direction of the imbalance probably because the time to the forecasted imbalance is shorter in the case of medium uncertainty



Producers with regulated tariffs



Traders and brokers Balancing Responsible Parties Large consumers



Reserve capacity to manage provision of contracted tertiary reserve in the case of medium uncertainty



CRP



Reserve capacity to manage provision of contracted tertiary reserve in the case of high uncertainty



CRP-2



Short-term local load increase in order to compensate the effect of network evacuation limitations and to be able to produce more.



SRP



Short-term load increase in order to avoid being cut-off (for example in valley hours)



SRP



Local load increase reserve in order to compensate the effect of network evacuation limitations and to be able to produce more or to invest more in generation capacity



CRP



Load increase reserve in order to avoid being partially cut off, or even to be authorized to invest more.



CRP



Reserve capacity to manage energy imbalance in order to minimise deviations from the production program previously declared and reduce the imbalance costs.



CRP-2



Short-term optimisation of purchases and sales by load shaping



SRP



Short-term optimisation of purchases and sales through reserve capacity



CRP



Management of energy imbalance in the case of low uncertainty



SRP



Management of energy imbalance in the case of medium uncertainty



CRP



Management of energy imbalance in the case of high uncertainty



CRP-2



Minimisation of energy procurement costs



SRP
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C.2.1. Retailer (RET) The retailer’s main stake is to maximise its margins between the energy bought in the wholesale markets and that same energy resold to its end consumers. The retailer may use AD products to take advantage of arbitrage opportunities in the wholesale markets by shaping its consumer demand appropriately. Likewise, it uses AD to manage its imbalances which may arise from its own prediction errors. Finally, it can use AD to act as reserve capacity in the event of unforeseen events which see prices on wholesale markets skyrocket. C.2.1.1



SRP-based services



Service: Short-term load shaping to optimise purchase and sales Given the conditions on the wholesale market and in its own retail activities, the retailer is looking to optimally match its demand to those conditions. This may mean selling back or buying electricity on the wholesale markets. To do so, the retailer attempts to use AD to allow it to execute those commercial transactions without the risk of becoming out of balance. Its day-ahead optimisation determines the price at which the retailer should buy or sell energy. Name of service



Short-term load shaping to optimise purchases and sales (uses SRP)



Service requester



Retailer



Service supplier



Aggregator



Service ID



SRP-SOPS-RET



Other actors involved



Market, DSO, TSO, Consumers



Service negotiation gate closure



Few hours or one day before the delivery



Availability interval



Few hours, probably on peak



Minimum volume



N/A



Requested/supplied power or power curve shape



-



Product volume: Power in MW to be delivered by the aggregator. It depends on the price of purchase of of wholesale energy and it depends also on the volume of energy bought by the retailer in the short term



-



Activation time,



-



Product deployment duration,



(MW over time)



Tact : Not applicable. Tdur : Few hours when the price of AD energy



is lower than that of wholesale energy. -



Deployment



and



ending



ramping



limitation



(MW/minute): no specific requirement. The



po Vser



range,



dep end Rlim , Rlim



must be provided at the



time decided by the retailer. -



Tolerance gap between schedule and delivery (minimum and maximum, MW): as per contract.



-



Specification on limits for energy payback.



Price structure (€, €/MW, €/MWh)



Service standing/option fee (€, €/MW): Not applicable.



Locational information (connexion node, substation (TSO level), etc)



The aggregator must inform the locations of Active Demand to DSO and TSO.



Deployment energy price (€/MWh): competitive with the electricity market price at this time.
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Use case description => Reference use case for SRP AD product 1. The retailer performs its optimisation process and defines its needs. 2. The retailer goes to the market in order to seek offers to meet its needs. It can also make a call for tenders to establish bilateral contracts. 3. The aggregators prepare their offers for the market. 4. The aggregators send their offers to the market. 5. The other market participants prepare their offers for the market. 6. The other market participants send their offers to the market. 7. At the gate closure, the market launches the matching process. 8. The market sends the results of the matching process to the retailer. 9. The market sends the results of the matching process to the other market participants. 10. The market sends the results of the matching process to the aggregator. 11. The aggregator provides the DSO with the relevant information of its offer (e.g. the MW amount, the duration and the period of the offer and the electrical node(s) AD are connected to). 12. The DSO verifies the technical feasibility of the AD service on the distribution grid. 13. The DSO aggregates the distribution network situation at the connection point with the TSO. 14. The DSO sends this situation to the TSO for verification. 15. The TSO verifies the technical feasibility of the AD service on the transmission grid. 16. If everything is okay, the TSO sends an acceptance signal to the DSO. 17. The offer is validated and the DSO notifies the aggregator of its acceptance. 18. The aggregator informs the TSO with the MW amount during what period and to which actor it sold the AD (if an imbalance settlement mechanism exists). 19. The aggregator activates the flexible solution for these consumers through the Energy Box as per engagement. 20. The Energy Box controls the consumer appliances. The corresponding graphical use case representation is shown in Figure 3. In this figure, the symbol () represents an internal process. Depending on the market structure and rules, different, less or additional exchanges may be needed, e.g. between the retailer and aggregator, with the BRPs, between aggregator and Systems Operators, etc. These exchanges will be further studied in WP2 (regarding the aggregator and the other deregulated players), WP3 (regarding the DSO and TSO) and WP5 (regarding market mechanisms and rules), in particular when the technical validation is not successful. Regarding Step 2, the retailer may find several ways to close an agreement with aggregators (or other alternative providers): - Organized open markets where such product may be traded (if they exist) (a pool). - Over the counter (OTC) negotiation. - Direct bilateral agreements (can be seen as a particular case of OTC). - Call for tenders launched by the retailer. Even if the procedures of an OTC market or of a call for tenders could be different from those of an organised market, for the sake of simplicity and standardization of the description of the use cases, the OTC market and call for tenders procedures are described following the steps, actions and terminology of an organised market. The described steps can easily be identified to those of an OTC market where a broker tries to match the request of the participants or those of a call for tenders. So from now on the OTC market and call for tenders are described just as a “market”. Copyright ADDRESS Consortium
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Aggregator



Retailer



Energy Box Market participants



(from Actors)



DSO



TSO



Consumer (from Actors)



(from Actors)



1. (purchases & sales optimisation process) 2. request(offers to meet its need) 4. send (offers submission)



3.make offers process()



5.make offers process()



6. send (offers submission) 7.matching process()



8. send (matching process results)



9. send(matching process results) 10. send (matching process results) 11. send (relevant information of AD) 12.(checking technical feasibility process) 13.(aggregates DSO network at TSO level process) 14.send(aggregation



16.send(acceptance)



15.(checking technical feasibility process)



17.send(acceptance) 18. send (AD product information for imbalance ) 19. request (AD activation) 20. request(AD activation) SRP-OBT Context : In short term, the retailer optimises purchases and (from Actors) optimisation determines the price at which the His day-ahead retailer wants to buy or sell



Figure 3.
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SRP reference use case for deregulated players: short term load shaping for the retailer
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Service: Management of energy imbalances In this case, the retailer wants to minimise the cost of deviations from its declared consumption programmes on an intra-day basis. If the retailer is in a short position, it buys some capacity intra-day if the price of energy is lower than the expected cost of imbalance penalties. Otherwise, if the retailer is long, it resells some capacity intra-day in the event the price is higher than the expected price (for spill-off) in the balancing mechanism. Name of service



Management of energy imbalances (provision of energy at intra-day in order to minimise deviations from declared consumption programme) (uses SRP)



Service requester



Retailer



Service supplier



Aggregator



Service ID



SRP-MEI-RET



Other actors involved



Market, DSO, TSO, Consumers



Service negotiation gate closure



Few hours before the delivery.



Availability interval



Few hours.



Minimum volume



N/A



Requested/supplied power or power curve shape



-



(MW over time) -



Product volume: Power in MW to be delivered by the aggregator. It depends on the imbalance of consumption and the costs of the penalties. po Vser =



(Power declared by the retailer or the power reasonable not to



pay too much



penalties) – Power consumed by its consumers



Tact : Not applicable



-



Activation time,



-



Product deployment duration,



Tdur :



Few hours or few days when the



producer analyses its purchases are insufficient to supply its consumers. -



Deployment and ending ramping limitation range, (MW/minute): no specific requirement. The



po Vser



dep end Rlim , Rlim



must be provided at the



time decided by the retailer.



Price structure (€, €/MW, €/MWh)



-



Tolerance gap between schedule and delivery (minimum and maximum, MW): as per contract.



-



Specification on limits for energy payback.



Service standing/option fee (€, €/MW): Not applicable. Deployment energy price (€/MWh): competitive with the electricity market price at this time.



Locational information (connexion node, substation (TSO level),etc)



The aggregator must inform the locations of Active Demand to DSO and TSO.



Use case description Step 1. Intra-day, the retailer wants to minimise the cost of deviations from declared consumption programme. If the retailer is in a short position, it buys some capacity given that the price of energy is lower than the expected cost of the associated penalties. Otherwise, the retailer who is in a long position resells some capacity if the price is higher than the expected price (for spill-off) in the balancing mechanism. Steps 2 to 20 are exactly the same as for the reference use case that has just been described above (see also Figure 3). They will not be repeated here.
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C.2.1.2



CRP-based services



Service: Reserve capacity to manage short-term risks From experience, the retailer knows that during some periods of the year, it is valuable to have some “slack” available to mitigate the occurrence of adverse events, mostly large wholesale price spikes in period of high demand. In the case of the retailer, this slack could be some reserve capacity provided by active demand in the form of a CRP. This capacity is deployable by the retailer under certain conditions agreed by the retailer and the counterparty aggregator. Name of service



Reserve capacity to manage short-term risks (uses CRP)



Service requester



Retailer



Service supplier



Aggregator



Service ID



CRP-SR-RET



Other actors involved



Market, DSO, TSO, Consumers



Service negotiation gate closure



A few months before the service can be made available.



Availability interval



During a peak predefined period (for example winter) but with a number of activations in the year limited for instance to 3 or 4 times.



Minimum volume



N/A



Requested/supplied power or power curve shape



-



Product volume: Power capacity in MW to be delivered by the aggregator. It depends on the risk management of the retailer



(MW over time)



-



Activation time,



-



Product deployment duration,



Tdur : a few hours.



-



Deployment



ramping



Tact : Maybe one day before



and



ending



limitation



range,



dep end Rlim , Rlim



(MW/minute): no specific requirement.



Price structure (€, €/MW, €/MWh)



-



Tolerance gap between schedule and delivery (minimum and maximum, MW): as per contract.



-



Specification on limits for energy payback.



Service standing/option fee (€, €/MW): The retailer pays the aggregator a standing fee in €/MW for having the reserve capacity on its behalf. Deployment energy price (€/MWh): a high price but lower than the highest peak prices already seen before or forecasted.



Locational information (connexion node, substation (TSO level), etc)



The aggregator must inform the TSO and the DSO when the requirement of energy is activated by the retailer.



Use case description => Reference use case for CRP AD product The reference use case for CRP is similar in principle to that for the SRP. The main difference is in the presence of the separate activation step and its associated information exchanges. 1.



The retailer detects a critical period4, performs its optimisation process and defines its needs.



4



It might be difficult to supply its consumers in a peak period. In order to minimize short-term risks, the retailer decides to buy a conditional contract for few days in the period (maybe 3 or 4 days). The value analysis seems to Price (option fee) + Price (deployment energy) x Expected use < Expected (spot price) x Expected use. Note that the value analysis in the case of a CRP has to include a risk component.
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2.



The retailer goes to the market in order to seek offers to meet its needs. It can also launch a call for tenders to establish bilateral contracts5.



3.



The aggregators prepare their offers to the market.



4.



The aggregators send their offers to the market.



5.



The other market participants prepare their offers to the market.



6.



The other market participants send their offers to the market.



7.



6 At the gate closure, the market launches the matching process .



8.



The market sends the results of the matching process to the retailer.



9.



The market sends the results of the matching process to the other market participants.



10. The market sends the results of the matching process to the aggregator. We suppose the contract is signed with an aggregator. 11. The retailer detects the need for activation of this CRP product. 7



12. At Tact , the retailer activates the conditional Active Demand product by sending an activation signal to the Aggregator. This message must include information regarding the volume required. 13. The aggregator provides the DSO with the relevant information of this activated AD product (eg. the MW amount, the electrical node(s) AD are connected to, …). 14. The DSO verifies the technical feasibility of the AD product on the distribution grid. 15. The DSO aggregates the distribution network situation at the connection point with the TSO. 16. The DSO sends this situation to the TSO for verification. 17. The TSO verifies the technical feasibility of the AD product on the transmission grid. 18. If everything it’s OK, the TSO sends an acceptance signal to the DSO. 19. The offer is validated and the DSO notifies the aggregator of its acceptance. 20. The aggregator informs the TSO with the MW amount, during what period and to which actor it sold the AD product (if an imbalance settlement mechanism exists). 21. The aggregator activates, the flexible solution for these consumers through the Energy Box as per engagement. 22. The Energy Box controls the consumer appliances.



The corresponding graphical use case representation is shown in Figure 4. Again in this figure, the symbol () represents an internal process. Like for the SRP use case, depending on the market structure and rules, different, less or additional exchanges may be needed, e.g. between the retailer and the aggregator, with the BRPs, between the aggregator and the Systems Operators, etc. These exchanges will be further studied in WP2 (regarding the aggregator and the other deregulated players), WP3 (regarding the DSO and TSO) and WP5 (regarding market mechanisms and rules), in particular when the technical validation is not successful.



5



Like for the SRP use case, the retailer may find several ways to close an agreement with aggregators (or other alternative providers) such as: organised open markets where such product may be traded (if they exist) (a pool), over the counter (OTC) negotiation, direct bilateral agreements (can be seen as a particular case of OTC) or call for tenders launched by the player. But for the sake of simplicity and standardization of the description of the use cases the OTC market and call for tenders are described just as a “market”. 6 The market clearing process matches the supply and demand for the product and a corresponding clearing price (the option fee). 7 Tact takes into account the time needed by the DSO and the TSO for verification.
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Aggregator



(from Actors)



(from Actors)



Energy Box



Retailer



Market participants



DSO



TSO



Consumer (from Actors)



1.(detection of a critical period process) 2. request (offers to meet its need) 4. send (offers submission)



3. make offers process()



6. send (offers submission) 5. make offers process()



7.matching process()



8. send (matching process results)



9. send (matching process results) 10. send (matching process results)



11. (detection of AD activation)



12. send (activation AD) 13. send (relevant information of AD) 14. (checking technical feasibility process) 15. (aggregates DSO network at the TSO level process) 16. send (aggregation results) 17. (checking 18. send (acceptance)



technical feasibility process)



19. send (acceptance ) 20. send (AD product information for imbalance ) 21. request (AD activation) CRP-PRF Context: It might be difficult to supply its consumers in a peak period. In order to minimize short-term risks, the retailer decides to buy a conditional contract for few days in the period (maybe 3 or 4 days). (from Actors)



Figure 4.



22. request (AD activation )



(from Actors)



(from Actors)



(from Actors)



(from Actors)



CRP reference use case for deregulated players: reserve capacity for the retailer to manage short-term risks
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C.2.2. Centralised electricity producer (CP) The centralised producer may use AD mainly for two purposes. First, it could wish to use AD to shape demand to its advantage. Second, it may want to use AD as a substitute for tertiary reserve (especially if it has a statutory obligation to provide it). C.2.2.1



SRP-based services



Service: Short-term optimisation of the operation of its generation portfolio The centralised producer aims to optimise the operation of its generation portfolio. This may involve attempting to avoid forced generating unit shutdowns in valley periods or avoiding having to turn on expensive and “dirty” peak-load generating units in high demand periods. Name of service



Short-term of the operation of its generation portfolio (uses SRP)



Service requester



Centralised producer



Service supplier



Aggregator



Service ID



SRP-SOG-CP



Other actors involved



Market, DSO, TSO, Consumers



Service negotiation gate closure



Few hours or one day before the delivery



Availability interval



Few hours to a few days, when the producer analyses its production is insufficient and would incur high penalties with the BRP or the TSO.



Minimum volume



N/A



Requested/supplied power or power curve shape



-



(MW over time)



-



Product volume: Power in MW to be delivered by the aggregator. It depends on the imbalance of production and the costs of the penalties. po Vser = (Power sold by the producer or the power reasonable not to pay



too much penalties) – Power provided by its power plants.



Tact : Not applicable.



-



Activation time,



-



Product deployment duration,



Tdur :



Few hours or few days when the



producer analyses its production is insufficient and would incur high penalties with the BRP or the TSO -



Deployment and ending ramping limitation range, (MW/minute): no specific requirement. The



po Vser



dep end Rlim , Rlim



must be provided at the



time decided by the producer. dep end Rlim , Rlim , Tact



and Vtol



-



Several levels of qualities according to



-



Tolerance gap between schedule and delivery (minimum and maximum, MW): as per the contract.



-



Specification on limits for energy payback.



Price structure (€, €/MW, €/MWh)



Deployment power price (€/MW): competitive with the electricity market price at this time.



Locational information (connexion node, substation (TSO level),etc)



The aggregator must inform the locations of Active Demand to the centralised producer the DSOs and TSOs.



Use case description The use case is identical to the SRP reference use case presented in Section C.2.1.1 and Figure 3.
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Service: Management of energy imbalance The centralised producer has a contract to supply X MW to a retailer. Due to a technical problem, some days or some hours before the date of delivery, the producer detects it can supply only S MW. The producer calculates the value of the X-S MW not delivered. The value depends on the price of the penalty signed in the contract with the retailer. The producer may want to contract AD to make up for the forecasted imbalance. Name of service



Management of energy imbalances (uses SRP)



Service requester



Centralised producer



Service supplier



Aggregator



Service ID



SRP-MEI-CP



Other actors involved



Market, DSO, TSO, Consumers



Service negotiation gate closure



Few hours or one day before the delivery.



Availability interval



Few hours to a few days, when the producer analyses its production is insufficient and would incur high penalties with the BRP or the TSO.



Requested/supplied power or power curve shape



-



(MW over time)



-



Product volume: Power in MW to be delivered by the aggregator. It depends on the imbalance of production and the costs of the penalties. po Vser = (Power sold by the producer or the power reasonable not to pay



too much penalties) – Power provided by its power plants.



Tact : Not applicable.



-



Activation time,



-



Product deployment duration,



Tdur :



Few hours or few days when the



producer analyses its production is insufficient and would incur high penalties with the BRP or the TSO -



Deployment and ending ramping limitation range, (MW/minute): no specific requirement. The



po Vser



dep end Rlim , Rlim



must be provided at the



time decided by the producer.



Price structure (€, €/MW, €/MWh)



dep end Rlim , Rlim , Tact



-



Several levels of qualities according to



-



Tolerance gap between schedule and delivery (minimum and maximum, MW): as per the contract.



-



Specification on limits for energy payback



and Vtol



Service standing/option fee (€, €/MW): Not applicable. Deployment energy price (€/MWh): competitive with the electricity market price at this time.



Locational information (connexion node, substation (TSO level),etc)



The aggregator must inform the locations of Active Demand to DSO and TSO.



Use case description Step 1. The centralised producer forecasts a capacity shortfall to meet its contractual obligations. Steps 2 to 20 are exactly the same as for the SRP reference use case that was described in Section C.2.1.1 and Figure 3. They will not be repeated here.



Copyright ADDRESS Consortium



page 39 of 287



ADDRESS Technical and Commercial Conceptual Architectures - Appendices ADD-WP1-T1.5-DEL-EDF-D1.1-Technical_and_Commercial_Architectures-Appendices



Revision 1.0 C.2.2.2



CRP-based services



Service: Tertiary frequency control The TSO contracts with the centralised producer a reserve provision service. The producer detects that it may be difficult to meet its obligation of reserve provision throughout the duration of the contract. Some power may not be provided, due to technical or economical reasons8. Name of service



Yearly/monthly/weekly provision of tertiary frequency control reserve contracted between TSO and the producer (uses CRP)



Service requester



Centralised producer



Service supplier



Aggregator



Service ID



CRP-TR-CP



Other actors involved



Market, DSO, TSO, Consumer



Service negotiation gate closure



This type of contract probably takes a fair amount of time to negotiate and draft; therefore, one may assume a few months before the service can be made available.



Availability interval



Entire year, e.g. from 01/01 at 0:00 until 31/12 at 23:59 Or Peak Periods predefined in the year (for example, in winter)



Minimum volume



The central generator may not want to contract with an aggregator who cannot provide a large enough reserve capacity (say < 10 MW)



Requested/supplied power or power curve shape



-



(MW over time)



Product volume: Power capacity in MW to be delivered by the aggregator. It depends on the cost/benefit analysis of the producer in function of its power plants.



po Vser = Reserve required by TSO – Reserve



provided by the producer itself -



Activation time,



Tact :



Typical lead time for tertiary reserve service



deployment as imposed by the TSO rules, e.g. 20 minutes. -



Product deployment duration,



Tdur :



Typical tertiary reserve service



deployment time as imposed by the TSO rules (a few hours). -



Deployment and ending ramping limitation range,



dep end Rlim , Rlim



(MW/minute): These should be set as per TSO rules for tertiary reserve provision.



Price structure (€, €/MW, €/MWh)



-



Tolerance gap between schedule and delivery (minimum and maximum, MW): These should be set as per TSO rules for tertiary reserve deployment.



-



Specification on limits for energy payback as imposed by TSO rules.



Service standing/option fee (€, €/MW): The central generator pays the aggregator a standing fee in €/MW for having the tertiary reserve capacity on its behalf. Deployment energy price (€/MWh): There is no price here. The expectation is that the aggregator will be compensated for its energy deployment (when the reserve is called in by the TSO) on the basis of the price in the balancing mechanism.



8



The producer identifies the small volume of reserve missing, the value and the critical period (for example: in January). The value is the cost of deviating from its optimal plan because of the reserve provision. This value is compared to the price of the optional contract: only standing/option fee (€, €/MW) because Deployment energy price (€/MWh) is paid by the TSO.
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Locational information (connexion node, substation (TSO level),etc)



At the activation time, the aggregator must specify to the DSO where in the network the energy is activated so the DSO informs the TSO of the location(s) of the reserve activation. The aggregator must declare to TSO and to the BRP of the consumers the MW amount; during what period and to which BRP the aggregator provides the AD energy (if an imbalance settlement mechanism exists).



Remark: the TSO allowed the centralised producer to use some reserve from AD. In this case, the TSO could also contract directly with the aggregator. Use case description Step 1. The centralised producer performs its optimisation process and defines its needs. Steps 2 to 10 are then identical to those of the CRP reference use case described in Section C.2.1.2 and Figure 4 and are not repeated here. Step 11. The TSO requests reserve to the producer and the producer has no reserve anymore. So the producer detects the need for activation of this CRP product. Steps 12 to 22 are identical to those of the CRP reference use case described in Section C.2.1.2 and Figure 4 and are not repeated here.
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C.2.3. Decentralised electricity Producer (DP) Decentralised electricity Producers (DP) may make use of active demand because it can be delivered between two intra-day markets when all options to renegotiate the energy delivered by the generator have expired and consequently when it is exposed to imbalance charges. For this purpose, it is necessary that the regulation allows the aggregation of generation and demand into a single account when the settlements are performed. As a function of the uncertainty of the expected imbalances the DP will contract a different type of product. If it does not know exactly the direction of the deviation and the required volume it will contract a CRP-2. If it is aware of the direction of the imbalance but not of the required volume it will negotiate a CRP. Finally, it has all the mentioned information available it will contract a SRP. Obviously, the closer the gate closure is, the less uncertainty there is. Consequently, a CRP-2 will be probably negotiated in the long-term, a CRP in the medium-term and a SRP in the short-term. As a function of the price-risk that the decentralised electricity producer wants to take, several procurement strategies could be employed. If the DP is risk taking it would only procure a SRP several hours before the imbalances occur. In case it was risk averse it would procure a CRP-2 months ahead from the activation time for a power capacity that exceeds the forecasted imbalances. The intermediate strategy would consist of procuring all products with the aim of adjusting progressively the contracted service to the actual necessities that can be more accurately calculated as the activation time gets closer. The actions that would be carried out by the DP in each case coincide with the described ones for the Balancing Responsible Party. C.2.3.1



SRP-based services



Service: Short-term management of energy imbalance in the case of low uncertainty The decentralised electricity producer has forecasted a deviation from the declared production for the following hours and it has no option to re-negotiate it in the current intra-day market. Consequently it has two options: pay imbalance charges or contract AD services (this scenario is based on the assumption that the regulation allows the aggregation of generation and demand into a single account when the settlements are performed. In this way, errors in forecasting can be corrected between intraday markets). In this case, the DP has the knowledge of its forthcoming imbalance (both direction and volume). Name of service



Short-term management of energy imbalance (use SRP)



Service requester



Decentralised electricity producer



Service supplier



Aggregator



Service ID



SRP-SMEI-DP



Other actors involved



Market, DSO, TSO, Consumers



Service negotiation gate closure



This type of service is expected to be negotiated hours ahead from the activation time.



Availability interval



Minimum settlement period (e.g. ½ hour) up to a few hours
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Minimum volume



The minimum volume that a decentralised electricity producer will be willing to contract with an aggregator will depend on its generation capacity as well as the magnitude of the imbalances that it usually experiments. This volume might be for example of several MW. As it is a unidirectional volume the direction of the service (demand increase or demand reduction) must be specified.



Requested/supplied power or power curve shape



-



Product volume: power capacity in MW to be delivered by the aggregator.



(MW over time)



-



Activation time,



-



Product deployment duration,



Tact : Not applicable Tdur :



the service deployment time can



last from several minutes to a few hours as a function of the duration of the expected deviation. However, it will always finish after the clearance of the next intra-day market because the generator will readjust the declared energy supply programme to the actual generation schedule in such market. -



Deployment and ending ramping limitation range,



dep end Rlim , Rlim



(MW/minute): can be included in the contract to address the ramping limitation of AD. If both



dep end Rlim , Rlim



curve will look like a trapezoid; if po ser



V



Price structure (€, €/MW, €/MWh)



are less than



dep lim



R



,



end lim



R



po Vser ,



the power



are much larger than



, the power curve will be close to a rectangular shape.



-



Shape of the product delivery envelope (minimum and maximum, MW): These limits should be set by the decentralised electricity producer as a function of its energy requirements for compensating the forecasted imbalances.



-



Specification on limits for energy payback.



Service standing/option fee (€, €/MW): Not applicable Deployment energy price (€/MWh): The distributed generator pays the aggregator for the delivered energy. This price can be fixed or vary as a function of market prices.



Locational information (connexion node, substation (TSO level),etc.)



The aggregator must supply the active demand service in the same control area of the generator in order not to create additional imbalances in the system that would require the deployment of balancing services such as secondary or tertiary reserves by the system operator.



Use case description The use case is identical to the SRP reference use case presented in Section C.2.1.1 and Figure 3, except that it concerns the DP instead of the retailer.
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Service: Load shaping to optimise its economic profits The DP wants to optimise its economic profits by employing AD services (e.g. the market energy prices are forecasted to be low during a specified time-period of the following day and therefore it contracts AD increase in order to sell its generation output directly to end-users because this solution has been forecasted to be more profitable). Name of service



Load shaping to optimise its economic profits (uses SRP)



Service requester



Decentralised electricity producer (DP)



Service supplier



Aggregator



Service ID



SRP-OEP-DP



Other actors involved



Market, DSO, TSO, Consumers



Service negotiation gate closure



This type of service can be negotiated the day-ahead or intra-day.



Availability interval



Minimum settlement period (e.g. ½ hour) up to a day



Minimum volume



The minimum volume that a DP will be willing to contract with an aggregator will depend on the results of a cost-benefit analysis. In this analysis, the resulting market prices as well as the cost of the aggregator’s services should be taken into account. As it is a unidirectional volume the direction of the service (demand increase or demand reduction) must be specified.



Requested/supplied power or power curve shape (MW over time)



-



Product volume: power capacity in MW to be delivered by the aggregator.



-



Activation time,



-



Product deployment duration,



Tact : Not applicable Tdur :



the service deployment time can



last from several minutes to several hours as a function of the requirements of the generator. -



Deployment and ending ramping limitation range,



dep end , Rlim Rlim



(MW/minute): can be included in the contract to address the ramping limitation of AD. If both



dep end , Rlim Rlim



curve will look like a trapezoid; if



are less than



dep lim



R



,



end lim



R



po , Vser



the power



are much larger than



po Vser , the power curve will be close to a rectangular shape.



-



-



Shape of the product delivery envelope (minimum and maximum, MW): These limits should be set by the DP as a function of the conditions that make profitable the purchase of this AD service. Specification of limits for energy payback.



Price structure (€, €/MW, €/MWh)



Service standing/option fee (€, €/MW): Not applicable Deployment energy price (€/MWh): The DP pays the aggregator for the delivered energy. The price of this service, which can be fixed or vary as a function of market prices, is agreed previously in the subscribed contract.



Locational information (connexion node, substation (TSO level),etc)



The player in charge of informing the SO will include the supply/consumption nodes.



Use case description Step 1. The DP launches its optimisation process and defines its needs. Step 2. The DP goes to the market (day-ahead market, intra-day markets or other) in order to seek offers that meet its needs. Steps 3 to 20 are identical to those of the SRP reference use case presented in Section C.2.1.1 and Figure 3.
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Service: Tertiary reserve provision The DP is going to deviate in the following hours from the contracted tertiary reserve program. Consequently it has two options: pay the penalisation or contract AD services. Name of service



Provision of tertiary reserve (uses SRP)



Service requester



Decentralised electricity producer



Service supplier



Aggregator



Service ID



SRP-TR-DP



Other actors involved



Market, DSO, TSO, Consumers



Service negotiation gate closure



This type of service is expected to be negotiated hours ahead from the activation time.



Availability interval



Minimum settlement period (e.g. ½ hour) up to a few hours



Minimum volume



The minimum volume that a DP will be willing to contract with an aggregator will depend on its generation capacity as well as power volume required to compensate its variability in order to be able to provide the contracted tertiary program in a reliable way. As it is a unidirectional volume the direction of the service (demand increase or demand reduction) must be specified.



Requested/supplied power or power curve shape



-



Product volume: power capacity in MW to be delivered by the aggregator.



(MW over time)



-



Activation time,



-



Product deployment duration,



Tact : Not applicable Tdur :



Typical tertiary reserve service



deployment time as imposed by the TSO rules (a few hours). -



Deployment and ending ramping limitation range,



dep end Rlim , Rlim



(MW/minute): can be included in the contract to address the ramping limitation of AD. If both



dep end Rlim , Rlim



curve will look like a trapezoid; if po ser



V



Price structure (€, €/MW, €/MWh)



are less than



dep end Rlim , Rlim



po Vser ,



the power



are much larger than



, the power curve will be close to a rectangular shape.



-



Shape of the product delivery envelope (minimum and maximum, MW): These limits should be set by the DP as a function of its energy requirements for compensating the forecasted imbalances.



-



Specification on limits for energy payback.



Service standing/option fee (€, €/MW): Not applicable Deployment energy price (€/MWh): The distributed generator pays the aggregator for the delivered energy. This price will be probably related to the prevailing price in the balancing mechanism.



Locational information (connexion node, substation (TSO level),etc.)



The aggregator must provide the locations and appropriate in formation on the Active Demand products to DSO and TSO.



Use case description The use case is identical to the SRP reference use case presented in Section C.2.1.1 and Figure 3. It will not be repeated here. Copyright ADDRESS Consortium
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CRP-based services



Service: Short-term management of energy imbalance in the case of high uncertainty The DP may have inevitable deviations from the declared production between intra-day markets. Consequently it has two options: pay imbalance charges or contract AD services in order to have a demand reserve for compensating its deviations when it is necessary (this scenario is based on the assumption that the regulation allows the aggregation of generation and demand into a single account when the settlements are performed. In this way, errors in forecasting between intra-day markets can be corrected). In this case, there is high uncertainty as the DP has no good information pertaining to either the direction or the volume of the imbalance.



Name of service



Short-term management of energy imbalance (uses CRP-2)



Service requester



Decentralised electricity producer



Service supplier



Aggregator



Service ID



CRP-2-SMEI-DP



Other actors involved



Market, DSO, TSO, Consumers



Service negotiation gate closure



This type of service is expected to be traded quite far ahead from the activation time (e.g. months ahead of gate closure)



Availability interval



Days up to a year (the time period set in the contract)



Minimum volume



The minimum volume that a decentralised electricity producer will be willing to contract with an aggregator will depend on its generation capacity as well as the magnitude of the imbalances that it usually experiments. This volume might be for example of several MW. It is a bidirectional volume which means that both demand reduction or demand increase are possible.



Requested/supplied power or



-



power curve shape (MW over time)



Product volume: power capacity in MW to be potentially delivered by the aggregator.



-



Activation time,



Tact : the lead time will vary as a function of the starting



moment of the expected deviation. However, it will be always very short, probably from several minutes to a few hours as a function of the length of time period between two intra-day markets. -



Product deployment duration,



Tdur : the service deployment time can



last from several minutes to a few hours as a function of the duration of the expected deviation. However, it will always finish after the clearance of the next intra-day market because the generator will readjust the declared energy supply programme to the actual generation schedule in such market. -



Deployment and ending ramping limitation range,



dep end Rlim , Rlim



(MW/minute): can be included in the contract to address the ramping limitation of AD. If both



dep end Rlim , Rlim



curve will look like a trapezoid; if po ser



V Copyright ADDRESS Consortium



are less than



dep end Rlim , Rlim



po Vser , the power



are much larger than



, the power curve will be close to a rectangular shape.
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-



Shape of the product delivery envelope (minimum and maximum, MW): These limits should be set by the decentralised electricity producer as a function of its energy requirements for compensating the forecasted imbalances.



Price structure (€, €/MW, €/MWh)



Specification on limits for energy payback.



Service standing/option fee (€, €/MW): the decentralised power producer pays a fee in €/MW to the aggregator for the capacity it has available. Deployment energy price (€/MWh): The distributed generator also pays the aggregator for the delivered energy. The price of this service, which can be fixed or vary as a function of market prices, is agreed previously in the subscribed contract.



Locational information (connexion



The aggregator must supply the active demand service in the same control



node, substation (TSO level),etc)



area of the generator in order not to create additional imbalances in the system that would require the deployment of balancing services such as secondary or tertiary reserves by the system operator.



Use case description Step 1. The DP performs its optimisation process and defines its needs for the critical period. Steps 2 to 10 are then identical to those of the CRP reference use case described in Section C.2.1.2 and Figure 4 and are not repeated here. Step 11. Adverse conditions occur and the DP detects the need for activation of the CRP-2 product. Step 12. At Tact9, the DP activates the conditional Active Demand product by sending an activation signal to the aggregator. Since this is a CRP-2 product, the signal message must include information regarding the direction of the service (demand increase and/or demand reduction) and the volume required. Steps 13 to 22 are then identical to those of the CRP reference use case described in Section C.2.1.2 and Figure 4 and are not repeated here.



9



Tact takes into account the time needed, by the DSO and the TSO, for verification.
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Service: Short-term management of energy imbalance in the case of medium uncertainty This case is similar to the previous one. The difference is that the DP knows the direction of the imbalance probably because the time to the forecasted imbalance is shorter. The DP expects deviations from the declared production for the following day or the following hours. One possible solution is to contract AD services in order to have a reserve that allows it the compensation of its imbalances (this scenario is based on the assumption that the regulation allows the aggregation of generation and demand into a single account when the settlements are performed. In this way, errors in forecasting can be corrected between intra-day markets). Name of service



Short-term management of energy imbalance (uses CRP)



Service requester



Decentralised electricity producer



Service supplier



Aggregator



Service ID



CRP-SMEI-DP



Other actors involved



Market, DSO, TSO, Consumers



Service negotiation gate closure



This type of service is expected to be negotiated days to hours ahead from the activation time



Availability interval



A few hours up to a day (the time period set in the contract)



Minimum volume



The minimum volume that a decentralised electricity producer will be willing to contract with an aggregator will depend on its generation capacity as well as the magnitude of the imbalances that it usually experiments. This volume might be for example of several MW. As it is a unidirectional volume the direction of the service (demand increase or demand reduction) must be specified.



Requested/supplied power or power curve shape



-



Product volume: power capacity in MW to be potentially delivered by the aggregator.



(MW over time)



-



Activation time,



Tact : the lead-time will vary as a function of the starting



moment of the expected deviation. However, it will be always very short, probably from several minutes to a few hours as a function of the length of time period between two intra-day markets. -



Product deployment duration,



Tdur :



the service deployment time can



last from several minutes to a few hours as a function of the duration of the expected deviation. However, it will always finish after the clearance of the next intra-day market because the generator will readjust the declared energy supply programme to the actual generation schedule in such market. -



Deployment and ending ramping limitation range,



dep end Rlim , Rlim



(MW/minute): can be included in the contract to address the ramping limitation of AD. If both



dep end Rlim , Rlim



curve will look like a trapezoid; if



are less than



dep lim



R



,



end lim



R



po Vser ,



the power



are much larger than



po Vser , the power curve will be close to a rectangular shape.



-



Shape of the product delivery envelope (minimum and maximum, MW): These limits should be set by the decentralised electricity producer as a function of its energy requirements for compensating the forecasted imbalances.



-



Specification on limits for energy payback.
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Price structure (€, €/MW, €/MWh)



Service standing/option fee (€, €/MW): the decentralised power producer pays a fee in €/MW to the aggregator for the capacity it has available. Deployment energy price (€/MWh): The distributed generator also pays the aggregator for the delivered energy. The price of this service, which can be fixed or vary as a function of market prices, is agreed previously in the subscribed contract.



Locational information (connexion node, substation (TSO level),etc)



The aggregator must supply the active demand service in the same control area of the generator in order not to create additional imbalances in the system that would require the deployment of balancing services such as secondary or tertiary reserves by the system operator.



Use case description The use case is identical to the CRP reference use case presented in Section C.2.1.2 and Figure 4. It will not be repeated here.
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Service: Provision of tertiary reserve in the case of medium uncertainty The DP employs AD support for providing the contracted tertiary reserve provision for the following day. In this case, reserve deployment can be made in a single direction only. Name of service



Provision of tertiary reserve (uses CRP)



Service requester



Decentralised electricity producer



Service supplier



Aggregator



Service ID



CRP-TR-DP



Other actors involved



Market, DSO, TSO, Consumers



Service negotiation gate closure



This type of contract is expected to be negotiated days to hours ahead of the activation time.



Availability interval



The time interval set in the contract which can vary from a few hours up to a day.



Minimum volume



The minimum volume that a DP will be willing to contract with an aggregator will depend on its generation capacity as well as the power volume required to compensate its variability in order to be able to provide the contracted tertiary program in a reliable way. As it is a unidirectional volume the direction of the service (demand increase or reduction) must be specified.



Requested/supplied power or power curve shape



-



Product volume: Power capacity in MW to be delivered by the aggregator.



(MW over time)



-



Activation time,



Tact :



Typical lead-time for tertiary reserve service



deployment as imposed by the TSO rules, e.g. 20 minutes. -



Product deployment duration,



Tdur :



Typical tertiary reserve service



deployment time as imposed by the TSO rules (a few hours). -



Deployment and ending ramping limitation range,



dep end Rlim , Rlim



(MW/minute): can be included in the contract to address the ramping limitation of AD. If both



dep end Rlim , Rlim



curve will look like a trapezoid; if



are less than



dep end Rlim , Rlim



po Vser ,



the power



are much larger than



po Vser , the power curve will be close to a rectangular shape.



Price structure (€, €/MW, €/MWh)



-



Shape of the product delivery envelope (minimum and maximum, MW): These limits should be set by the DP as a function of its energy requirements for compensating the forecasted imbalances.



-



Specification on limits for energy payback.



Service standing/option fee (€, €/MW): The DP pays the aggregator a standing fee in €/MW for the capacity it has available. Deployment energy price (€/MWh): The DP pays the aggregator for the delivered energy. This price will be probably related to the prevailing price in the balancing mechanism.



Locational information (connexion node, substation (TSO level),etc.)



The aggregator must provide the locations and appropriate in formation on the AD products to DSO and TSO.



Use case description This use case is identical to the CRP reference use case presented in Section C.2.1.2 and Figure 4. It will not be repeated here.
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Service: Provision of tertiary reserve in the case of high uncertainty The DP decides to employ AD support for providing tertiary reserves in a reliable way. Name of service



Provision of tertiary reserve (uses CRP-2)



Service requester



Decentralised electricity producer



Service supplier



Aggregator



Service ID



CRP-2-TR-DP



Other actors involved



Market, DSO, TSO, Consumers



Service negotiation gate closure



This type of service is expected to be traded quite far from the activation time (e.g. months ahead of gate closure)



Availability interval



Days up to a year (the time period set in the contract)



Minimum volume



The minimum volume that a decentralised electricity producer will be willing to contract with an aggregator will depend on its generation capacity as well as power volume required to compensate its variability in order to be able to provide the contracted tertiary program in a reliable way. It is a bidirectional volume which means that both demand reduction or demand increase are possible.



Requested/supplied power or power curve shape



-



Product volume: Power capacity in MW to be delivered by the aggregator.



(MW over time)



-



Activation time,



Tact : Typical lead time for tertiary reserve service



deployment as imposed by the TSO rules, e.g. 20 minutes. -



Product deployment duration,



Tdur : Typical tertiary reserve service



deployment time as imposed by the TSO rules (a few hours). -



Deployment and ending ramping limitation range,



dep end Rlim , Rlim



(MW/minute): can be included in the contract to address the ramping limitation of AD. If both



dep end Rlim , Rlim



curve will look like a trapezoid; if po ser



V



Price structure (€, €/MW, €/MWh)



are less than



dep end , Rlim Rlim



po Vser , the power



are much larger than



, the power curve will be close to a rectangular shape.



-



Shape of the product delivery envelope (minimum and maximum, MW): These limits should be set by the decentralised electricity producer as a function of its energy requirements for compensating the forecasted imbalances.



-



Specification on limits for energy payback.



Service standing/option fee (€, €/MW): the decentralised power producer pays a fee in €/MW to the aggregator for the capacity it has available. Deployment energy price (€/MWh): The distributed generator also pays the aggregator for the delivered energy. This price will be probably related to the prevailing price in the balancing mechanism.



Locational information (connexion node, substation (TSO level),etc)



The aggregator must provide the locations and appropriate information on the Active Demand products to DSO and TSO.
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Use case description Step 1. The DP performs its optimisation process and defines its needs for the critical period. Steps 2 to 10 are then identical to those of the CRP reference use case described in Section C.2.1.2 and Figure 4 and are not repeated here. Step 11. Adverse conditions occur and the DP detects the need for activation of the CRP-2 product. Step 12. At Tact10, the DP activates the conditional Active Demand product by sending an activation signal to the aggregator. Since this is a CRP-2 product, the signal message must include information regarding the direction of the service (demand increase and/or demand reduction) and the volume required. Steps 13 to 22 are then identical to those of the CRP reference use case described in Section C.2.1.2 and Figure 4 and are not repeated here.



10



Tact takes into account the time needed, by the DSO and the TSO, for verification.
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C.2.4. Production aggregator (PA) The services for the production aggregator are identical to the ones for the decentralised electricity producer.



C.2.5. Producer with regulated tariffs (PwRT) The central stake of the PwRT is ensuring that there is an outlet for its energy whenever it is available. Therefore it should use AD products to help itself in ensuring that there is network capacity available to evacuate its generation or in finding consumers ready to buy its extra output when it is less in demand. AD is well suited here, especially if it can provide scheduled or conditional demand increases. C.2.5.1



SRP-based services



Service: SRP for short-term local load increase Compensate the effect of network evacuation limitations to be able to produce more. AD may allow more production into a specific node when network congestion may limit it. When the production exceeds the evacuation network limit, regulated tariff producers may take advantage of AD services making the local demand at the node to increase (prosumer that produces more, some storage capacity in place, shifting some consumer demand, etc.), so that production must not been partially cut off. This is a local AD service. Name of service



Local load increase (uses SRP)



Requester



Producer with Regulated Tariffs



Supplier



Aggregator



Service ID



SRP-SLLI-PwRT



Other actors involved



Market, DSO, TSO, Consumers



Service negotiation gate closure



Hours ahead.



Availability interval



Several hours.



Minimum volume



No minimum volume may be fixed.



Requested/supplied power or power curve shape



-



Product volume: Power volume to be delivered by the aggregator (increasing local demand).



(MW over time)



-



Activation time,



-



Product deployment duration,



-



Deployment and ending ramping limitation range,



Tact : Not applicable. Tdur : from 1 hour to several hours. dep end Rlim , Rlim



(MW/minute): None. -



Shape of the product delivery envelope (minimum and maximum, MW): as per contract.



-



Specification on limits for energy payback.



Price structure (€, €/MW, €/MWh)



Deployment energy price (€/MWh): The PwRT pays the aggregator a deployment energy price (€/MWh) for each MWh required.



Locational information (connexion node, substation (TSO level),etc)



It is a very local service, so that locational information is required.
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Use case description Step 1. The PwRT performs its optimisation process and defines its needs11. Step 2. The PwRT goes to the market in order to seek offers to meet its needs. It can also make a call for tenders to establish bilateral contracts12. Steps 3 to 17 are identical to those of the SRP reference use case presented in Section C.2.1.1 and Figure 3. They will not be repeated here. Step 18. The aggregator notifies the PwRT. Step 19. The aggregator informs the TSO with the MW amount during what period and to which actor it sold the AD (if an imbalance settlement mechanism exists). Step 20. The aggregator activates, at a set time, the flexible solution for these consumers through the Energy Box as per engagement. Step 21. The Energy Box controls the consumer appliances.



11



Some time in advance (it depends for example on the accuracy of its non-dispatchable production forecasts), the PwRT knows that it will probably be partially cut off in some hours because of a network evacuation congestion. One possible solution to avoid the cut off is to resort on aggregators to increase load at the local level. Based on market conditions and on the available portfolio of CRP, the PwRT may decide to buy a SRP service. PwRT determines the volume of Load Increase it requires and how much it is ready to pay for this service. The unitary price the PwRT is ready to pay will decrease for additional amounts of service to be covered. 12 To acquire the service, the PwRT will probably negotiate OTC short term bilateral agreements with aggregators. As it is a local requirement it might indeed be difficult to have an organised market.
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Service: SRP for short-term load increase When the generation exceeds the load in valley hours, regulated tariff producers could resort on AD services in order for them not to be partially cut off. This is a global system AD service. Name of service



System Load increase (in valley hours) (uses SRP)



Service requester



Producer with Regulated Tariffs



Service supplier



Aggregator



Service ID



SRP-SLI-PwRT



Other actors involved



Market, DSO, TSO, Consumers



Service negotiation gate closure



Several months for investing purposes and weeks for operating decisions



Availability interval



Entire year, valley hours



Minimum volume



No minimum volume may be fixed



Requested/supplied power or power curve shape



-



Product volume: Power volume to be delivered by the aggregator (increasing demand).



(MW over time)



-



Activation time,



-



Product deployment duration,



-



Deployment and ending ramping limitation range,



Tact : Not applicable. Tdur : several hours. 5-6 hours dep end , Rlim Rlim



(MW/minute): none



Price structure (€, €/MW, €/MWh)



-



Shape of the product delivery envelope (minimum and maximum, MW): a shape according to the load variation and the forecasted values will be necessary.



-



Specification on limits for energy payback.



Service standing/option fee (€, €/MW): Not applicable. Deployment energy price (€/MWh): The PwRT pays the aggregator a deployment energy price (€/MWh) for each MWh required.



Locational information (connexion node, substation (TSO level),etc)



It is not a locational service. No locational information is needed.



Use case description Step 1. The PwRT performs its optimisation process and defines its needs13. Steps 2 to 17 are identical to those of the SRP reference use case presented in Section C.2.1.1 and Figure 3. They will not be repeated here. Step 18. The aggregator notifies the PwRT. Step 19. The aggregator informs the TSO with the MW amount during what period and to which actor it sold the AD (if an imbalance settlement mechanism exists). Step 20. The aggregator activates, at a set time, the flexible solution for these consumers through the Energy Box as per engagement. Step 21. The Energy Box controls the consumer appliances.



13 Some time in advance, the PwRT knows that it will be probably be partially cut off in the valley hours because of a so high amount of non-dispatchable production in the system. One possible solution to avoid the cut off is to resort on aggregators to increase load at the system level. Based on market conditions and on the available portfolio of CRP, the PwRT may decide to buy a SRP service. PwRT determines the volume of Load Increase it requires and how much it is ready to pay for this service. The unitary price the PwRT is ready to pay will decrease for additional amounts of service to be covered.
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CRP-based services



Service: Local load increase reserve Compensate the effect of network evacuation limitations to be able to a) produce more with generation with regulated tariffs, b) invest more in regulated tariffs generation capacity. Need a) implies that AD may allow producing more in a specific node when network congestion may limit it. When the production exceeds the evacuation network limit, regulated tariff producers may take advantage of AD services making the local demand at the node to increase (prosumer that produces more, some storage capacity in place, shifting some consumer demand, etc.), so that production must not been partially cut off. This is a local AD service. Need b) implies, on the other hand, that AD may allow investing more regulated tariffs generation capacity in a specific node when regulation rules limit the investment of non-dispatchable regulated tariffs generation to the evacuation network limit. Name of service



Local load increase reserve (uses CRP)



Requester



Producer with Regulated Tariffs



Supplier



Aggregator



Service ID



CRP-LLI-PwRT



Other actors involved



Market, DSO, TSO, Consumers



Service negotiation gate closure



Several months for investing purposes and weeks for operating decisions.



Availability interval



Entire year, e.g. from 01/01 at 0:00 until 31/12 at 23:59



Minimum volume



No minimum volume may be fixed



Requested/supplied power or power curve shape



-



Product volume: Power volume to be delivered by the aggregator (increasing local demand).



(MW over time)



-



Activation time,



Tact : The shorter the best. 30 minutes seems right.



However if the price of the service depends on the activation time, it will maybe worthwhile for the PwRT to longer it.



Tdur : from 1 hour to several hours



-



Product deployment duration,



-



Deployment and ending ramping limitation range,



dep end Rlim , Rlim



(MW/minute): none



Price structure (€, €/MW, €/MWh)



-



Shape of the product delivery envelope (minimum and maximum, MW): as per contract.



-



Specification on limits for energy payback.



Service standing/option fee (€, €/MW): The PwRT pays the aggregator a standing fee in €/MW or € for being able to ask for the service at a given price (€/MWh). Deployment energy price (€/MWh): The PwRT pays the aggregator a deployment energy price (€/MWh) for each MWh required.



Locational information (connexion node, substation (TSO level),etc)



It is a very local service, so that locational information is required.
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Use case description Step 1. The PwRT performs its optimisation process and defines its needs14. Steps 2 to 10 are then identical to those of the CRP reference use case described in Section C.2.1.2 and Figure 4 and are not repeated here. Step 11. Near to real time, Tact, the PwRT detects the need for activation of this CRP product15. Step 12. At Tact16, the PwRT activates the conditional Active Demand product by sending an activation signal to the aggregator. Steps 13 to 22 are then identical to those of the CRP reference use case described in Section C.2.1.2 and Figure 4 and are not repeated here.



14



The PwRT knows that it will probably be partially cut off in some hours if the whole non-dispatchable production connected to its network connection node (or its zone) happen to be high in those hours, because of a network evacuation congestion. One possible solution to avoid the cut off is to shift load to these hours (or to activate storage capacities). In order to ensure the availability of the AD resources, it will like to fix medium-long term bilateral arrangements with aggregators that operate demand flexibility in the same node/zone for conditional delivering of Demand Increase Service. The PwRT determines the volume of Demand Increase it requires and how much it is ready to pay for this service, and sets a range of feasible values both for the option fee of the conditional bilateral agreement and for the execution fee associated to actually activate the requirement of load increase (both are obviously related, and will depend on statistical forecasts of times the service will be activated, the profits obtained from the extra-energy sold,...) The unitary price the PwRT is ready to pay will decrease for additional amounts of service to be covered. 15 PwRT forecasts its non-dispatchable production and the probability to be partially cut off due to network congestions and calculates if it is worthwhile for it to activate the option contracts it has signed up, which ones and for how long 16 Tact takes into account the time needed, by the DSO and the TSO, for verification.
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Service: Load increase reserve When the generation exceeds the load in valley hours, regulated power producers could resort on AD services in order for them not to be partially cut off, or even to be authorized to invest more. This is a global system AD service. Name of service



System Load increase (in valley hours) reserve (uses CRP)



Service requester



Producer with Regulated Tariffs



Service supplier



Aggregator



Service ID



CRP-LI-PwRT



Other actors involved



Market, DSO, TSO, Consumers



Service negotiation gate closure



Hours ahead.



Availability interval



Several hours



Minimum volume



No minimum volume may be fixed



Requested/supplied power or power curve shape



-



Product volume: Power volume to be delivered by the aggregator (increasing demand).



(MW over time)



-



Activation time,



Tact : 1 hour seems right, maybe it could be longer. The



limit is imposed by the precision of the forecast of the system wide aggregated production for non-dispatchable PwRT.



Tdur : several hours. 5-6 hours



-



Product deployment duration,



-



Deployment and ending ramping limitation range,



dep end Rlim , Rlim



(MW/minute): none



Price structure (€, €/MW, €/MWh)



-



Shape of the product delivery envelope (minimum and maximum, MW): a shape according to the load variation and the forecasted values will be necessary.



-



Specification on limits for energy payback.



Service standing/option fee (€, €/MW): The PwRT pays the aggregator a standing fee in €/MW or € for being able to ask for the service at a given price (€/MWh). Deployment energy price (€/MWh): The PwRT pays the aggregator a deployment energy price (€/MWh) for each MWh required.



Locational information (connexion node, substation (TSO level),etc)



It is not a locational service. No locational information is needed.
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Use case description Step 1. The PwRT performs its optimisation process and defines its needs17. Steps 2 to 10 are then identical to those of the CRP reference use case described in Section C.2.1.2 and Figure 4 and are not repeated here. Step 11. Near to real time, Tact, the PwRT detects the need for activation of this CRP product18. Step 12. At Tact19, the PwRT activates the conditional Active Demand product by sending an activation signal to the aggregator. Steps 13 to 22 are then identical to those of the CRP reference use case described in Section C.2.1.2 and Figure 4 and are not repeated here.



17



The PwRT knows that it will probably be partially cut off in valley hours if the whole non-dispatchable production of the system happens to be high in those hours. One possible solution to avoid the cut off is to shift load to these valley hours (or to activate storage capacities). In order to assure the availability of the AD resources, it will like to fix medium-long term bilateral arrangements with aggregators for conditional delivering of Demand Increase Service. The PwRT determines the volume of Demand Increase it requires and how much it is ready to pay for this service, and sets a range of feasible values both for the option fee of the conditional bilateral agreement and for the execution fee associated to actually activate the requirement of load increase (both are obviously related, and will depend on statistical forecasts of times the service will be activated, the profits obtained from the extraenergy sold, etc.) The unitary price the PwRT is ready to pay will decrease for additional amounts of service to be covered. 18 The PwRT forecasts the probability to be partially cut off due to a high amount of the system non-dispatchable production and calculates if it is worthwhile for it to activate the option contracts it has signed up, which ones and for how long. 19 Tact takes into account the time needed, by the DSO and the TSO, for verification.
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Service: Manage energy imbalance (CRP-2) Whenever a regulated tariff producer is able to predict in advance that it will incur in a deviation of its actual production with respect to the production program previously declared, it may take advantage of AD instead of being penalized or being obliged to buy in the balancing market. However, this service only makes sense for a PwRT if aggregation of production and consumption for imbalance considerations is allowed by the regulatory framework. Name of service



Manage energy imbalance (uses CRP-2)



Requester



Producer with Regulated Tariffs



Supplier



Aggregator



Service ID



CRP-2-MEI-PwRT



Other actors involved



Market, DSO, TSO, Consumer



Service negotiation gate closure



Some days ahead.



Availability interval



Entire year, e.g. from 01/01 at 0:00 until 31/12 at 23:59



Minimum volume



No minimum volume may be fixed



Requested/supplied power or power curve shape



-



Product volume: Power volume to be delivered by the aggregator for each time interval that is typically used for energy imbalances calculation rules (Timblances from now on). So it will equivalent to a power delivery MW for each time interval.



-



Activation time,



(MW over time)



Tact : The shorter the best. 30 minutes seems right.



However if the price of the service depends on the activation time, it will maybe worthwhile for the PwRT to longer it. -



Product deployment duration,



Tdur : the minimum value will be fixed by



Timblances, i.e 30 minutes, 1 hour. Longer duration times may be used also (i.e up to 3 hours) -



Deployment and ending ramping limitation range,



dep end , Rlim Rlim



(MW/minute): none



Price structure (€, €/MW, €/MWh)



-



Shape of the product delivery envelope (minimum and maximum, MW): if the duration time exceeds the Timblances, a value for each Timblances will be required.



-



Specification on limits for energy payback



Service standing/option fee (€, €/MW): The PwRT pays the aggregator a standing fee in €/MW or € for being able to ask for the service at a given price (€/MWh). Deployment energy price (€/MWh): The PwRT pays the aggregator a deployment energy price (€/MWh) for each MWh required. Maybe it will better fit with a €/MW for each Timblances, because the cost for the aggregator to provide the same energy but with a different shape for the



Tdur would



probably be different. Locational information (connexion node, substation (TSO level),etc)



It will depend on the regulation rules. If regulation rules permits PwRT imbalances to be compensated by AD services irrespective to the location, no locational information will be required. But if a zonal criterion is included the service will be required for loads located at this zone
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Use case description Step 1. The PwRT performs its optimisation process and defines its needs20. Steps 2 to 10 are then identical to those of the CRP reference use case described in Section C.2.1.2 and Figure 4 and are not repeated here. Step 11. Near to real time, Tact, the PwRT detects the need for activation of this CRP product21. Step 12. At Tact22, the PwRT activates the conditional Active Demand product by sending an activation signal to the aggregator. Steps 13 to 22 are then identical to those of the CRP reference use case described in Section C.2.1.2 and Figure 4 and are not repeated here.



20



In those cases where the PwRT will be exposed to imbalances charges they can resort on AD services (load reduction and load increase) to minimize them, provided the regulation framework allows it. In order to ensure the availability of the AD resources, the PwRT will like to fix medium-long term bilateral arrangements with aggregators that operate demand flexibility for conditional delivering of Load Reduction/Increase Service. The PwRT determines the volume of Load Reduction/Increase it requires and how much it is ready to pay for this service, and sets a range of feasible values both for the option fee of the conditional bilateral agreement and for the execution fee associated to actually activate the requirement of load reduction/increase (both are obviously related, and will depend on statistical forecasts of times the service will be activated, the profits obtained from minimizing imbalances charges, etc.). The unitary price the PwRT is ready to pay will decrease for additional amounts of service to be covered. 21 The PwRT forecasts its non-dispatchable production, the imbalances charges it will incur, and calculates if it is worthwhile for it to activate the option contracts it has signed up, which ones and for how long. 22 Tact takes into account the time needed, by the DSO and the TSO, for verification.
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C.2.6. Traders and brokers (T&B) CRP and CRP-2 products provide the buyer with a right, not an obligation to buy the service. These services are particularly suited for a Trader who, on the basis of present market conditions and short/medium term market volatility forecasts, buys “options” giving him the right to buy a certain amount of power, for an agreed duration time at a fixed price. The SRP service is negotiable on a short-term time frame (15 minutes to one hour). It represents an unconditional service, in the sense that if the buyer purchases it, he has to pay for the service as if it had already been executed. So, this service is a short-term product and the trader could buy it preferably when and if he has a reliable knowledge on the market condition. A possible reference scenario for Traders’ activity could be as follows. A trader builds up a portfolio of medium/long-term CRP and CRP-2 options from aggregators. A typical time horizon could be some months. In forming its portfolio, to reduce its financial risk, the Trader will include different aggregators, both on location and functional bases. He will typically involve aggregators of various types (i.e., domestic versus small commercial/industrial consumers), located in different geographical areas, and using diverse generating technologies (renewable, CHP, etc). During the contract time period, the trader will try to resell the load re-profiling services on a short-term basis, say from half an hour to one day, either for balancing or for load shaping purposes. He will sell services whenever market conditions allow him to make profits. The special feature of the trader is that he buys conditional services and re-sells them either as conditional or unconditional services (SRP). Of course, in the short term he can also trade SRP services, according to a speculative strategy. The trader’s risk management strategy strongly depends on the behaviour of potential buyers. In particular, if he believes that other deregulated parties are risk takers, he will accordingly value SRP services and CRP services23. C.2.6.1



SRP-based services



Service: Short-term optimisation of purchases and sales by load shaping The primary trader’s strategy is to provide short-term services by exploiting medium- and long-term commitments. However, the trader can also consider buying a short-term (SRP) service and re-selling it, if this is profitable under the current market conditions. In fact, when the trader is requested a SRP service, he can decide to fulfill the request without affecting his current option portfolio, but rather buying and selling the same service, in a speculative fashion. Name of service



Short-term optimisation through load shaping (SRP)



Requester



Trader



Supplier



Aggregator(s)



Service ID



SRP-SOPS-T&B



Other actors involved



Market, TSO, DSO, Consumers



Service negotiation gate closure



This type of service is expected to be negotiated hours ahead from the deployment time.



Availability interval



Minimum settlement period (e.g. ½ hour) up to a few hours.



23



We should note here that this assumes the existence of secondary markets for flexibility products like SRP and



CRP. Regulation should be such that these markets emerge to improve market liquidity and, possibly, reduce the risk that a few aggregators end up forming an oligopoly.
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Minimum volume



A minimum volume may or may not be specified, depending on the aim of the trader’s strategy.



Requested/supplied power or power curve shape



-



Product volume: Power capacity in MW to be delivered by the aggregator. There is no energy volume requirement.



(MW over time)



-



Activation time,



-



Product deployment duration,



Tact : Not applicable.



can be traded in a market,



Tdur : for a standardised AD service that



Tdur



should be equal to the length of the



settlement period (e.g. 15-30 minutes) or multiples of the settlement period. -



Deployment and ending ramping limitation range,



dep end Rlim , Rlim



(MW/minute): can be included in the contract to address the ramping limitation of AD. If both



dep end Rlim , Rlim



curve will look like a trapezoid; if



are less than



dep end Rlim , Rlim



po Vser , the power



are much larger than



po Vser , the power curve will be close to a rectangular shape.



-



Shape of the product delivery envelope (minimum and maximum, MW): These should be included in the contract as an uncertainty tolerance on the amount of power which can be actually deployed.



-



Specification on limits for energy payback.



Price structure (€, €/MW, €/MWh) Service standing/option fee (€, €/MW): Not applicable. Deployment energy price (€/MWh): The aggregator will be paid for providing demand increase and/or demand reduction. Locational information (connexion The aggregator must specify to the trader where in the network the renode, substation (TSO level),etc) profiling will be made available so that the trader will be able to resell the proper service to appropriate requesters.



Use case description Step 1. Based on market conditions and on the available portfolio of CRP and CRP-2, the trader may decide to buy a product SRP. Step 2. The trader goes to the market (hour-ahead market) in order to seek offers to meet its needs, according to the profitability and location information estimated from the market. An important yardstick for comparison, in order to make a decision for buying, is the estimated profit the trader can make by selling his portfolio CRP services. Steps 3 to 10 are identical to those of the SRP reference use case presented in Section C.2.1.1 and Figure 3. They will not be repeated here. Step 11. The trader determines which is the most cost efficient of those submitted and verifies its feasibility with respect to the location information constraints and profitability forecasts. Steps 12 to 19 are identical respectively to Steps 11 to 18 of the SRP reference use case presented in Section C.2.1.1 and Figure 3. They will not be repeated here. Step 20. The trader is ready to sell his service to some other deregulated player, with the engagement that the Aggregator will activate at the set time the AD service (through the Energy Boxes of consumers). Step 21. At the set time, the aggregator activates the flexible solution for these consumers through the Energy Box as per engagement. Step 22. The Energy Box controls the consumer appliances.
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CRP-based services



Service: Short-term optimisation of purchases and sales through reserve capacity A trader builds up a portfolio of CRP options from aggregators. A typical time horizon could be some days. In forming its portfolio, to reduce its financial risk, the Trader will include different aggregators, both on location and functional bases. It will typically involve aggregators of various types (i.e., including either domestic consumers or small commercial/industrial consumers), based in different geographical areas, and using diverse generating technologies (renewable, CHP, etc). The number of CRP contracts to buy depends on the trader’s risk attitude and on accurate energy market conditions forecasts on a medium-term time horizon (days to weeks ahead). For example if, at a certain period of the year, the trader has already activated a large fraction of the CRP-2 products it currently holds, and the energy market shows high volatility (e.g. for quick meteorological changes), it could buy CRP options to be able to provide SRP products either for balancing or load shaping purposes. The Trader will sell these services whenever market conditions allow him to make profits. The CRP use case for the trader is similar to the SRP case seen in Section C.2.6.1, with the exception that here the basic strategy is to build up a portfolio of medium-long term services which can be sold at the right time as SRP (i.e. a reserve of physical capacity). The main relevant market information to evaluate the financial risk related to the construction of a portfolio regards reliability of the aggregators and the expected evolution of the electrical network days to months ahead. Name of service



Short-term optimisation through reserve capacity (uses CRP)



Service requester



Trader



Service supplier



Aggregator(s)



Service ID



CRP-SOPS-T&B



Other actors involved



Market, TSO, DSO, Consumers



Service negotiation gate closure



This type of service is negotiated days to hours ahead of the activation time.



Availability interval



Weeks, months



Minimum volume



There may be a [min, max] range which must be agreed by the trader and the aggregator.



Requested/supplied power or power curve shape



-



Product volume: Power capacity in MW to be delivered by the aggregator. There is no energy volume requirement.



(MW over time)



-



Activation time,



Tact : this parameter may depend on the player to



which the Trader will resell the service (from 30 minutes to one day). -



Tdur : For a standardized AD service that can be traded in a market, Tdur should be equal to multiples of a Product deployment duration,



standard settlement period, e.g. 30 minutes. -



Deployment and ending ramping limitation range,



dep end Rlim , Rlim



(MW/minute): These parameters should be included in the contract to address the ramping limitation of AD. -



Shape of the product delivery envelope (minimum and maximum, MW): These should be included in the contract as an uncertainty tolerance on the amount of power which can be actually deployed.



-



Specification on limits for energy payback.
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Price structure (€, €/MW, €/MWh)



Service standing/option fee (€, €/MW): The trader pays the aggregator a standing fee in €/MW for having the conditional re-profiling capacity on its behalf. The structure of this price is the one typical of an option. Optimal choice of this price is a challenging task which should be investigated in the development of the project. Energy market statistical parameters should be taken into account to this purpose; energy market volatility will certainly play an important role here. The agreement/contract is likely to fix also the standard deployment energy price (€/MWh), depending on:



Locational information (connexion node, substation (TSO level),etc)



-



[min, max] volume interval and relative time profile (daily, weekly and/or seasonal);



-



parameters of the service (activation time, service deployment duration, shape of the service), which may be different according to the players the Trader will interact with;



-



energy market indicators and/or other specific terms among the parties involved in the contract.



The aggregator must specify to the trader where in the network the reprofiling will be made available so that the trader will be able to resell the proper service to appropriate requesters.



Use case description Step 1. Based on market conditions (short and medium term energy price forecasts and relative volatility), the trader may decide to buy a CRP service. Step 2. The trader goes to the market (days or weeks-ahead markets) in order to seek offers to meet his needs, according to the profitability and location information estimated from the market. An important yardstick for comparison, in order to make a decision for buying, is the estimated profit the trader can make by selling successively his portfolio CRP services as SRP services. Steps 3 to 6 are then identical to those of the CRP reference use case described in Section C.2.1.2 and Figure 4 and are not repeated here. Step 7. The market launches the matching process and identifies the cheapest offers. Step 8. The market sends the results of the matching process to the trader. The trader determines which is the most cost efficient offer among those submitted and verifies its feasibility with respect to the predicted peak demand location and profitability forecasts. Step 9. The market sends the results of the matching process to the other market participants. Step 10. The market sends the results of the matching process to the aggregator. The trader signs the CRP contract with the Aggregator. Step 11. During the duration time of the CRP product, the trader, depending on market conditions and his profitability estimate, sells the CRP product to a third party (deregulated or regulated player) as an SRP service according to the contractual specifications contained in his CRP contract. Step 12. At Tact, the trader activates the conditional active demand product by sending an activation signal to the aggregator and informing the aggregator on the SRP product that he has sold to a certain player, which will be the end user of the product. Steps 13 to 22 are then identical to those of the CRP reference use case described in Section C.2.1.2 and Figure 4 and are not repeated here.
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C.2.7. Balancing responsible parties (BRP) As the role of the BRP is to manage imbalances appearing within the balancing group it is responsible for, the sole purpose of active demand will be for mitigating imbalances. With growing uncertainty regarding the sign and the magnitude of the imbalances, more flexible products get used (SRP when the direction and the volume are both known, then CRP if the direction of the imbalance is known but not its magnitude and finally CRP-2 for cases where neither the direction nor the volume of the imbalance is known). C.2.7.1



SRP-based services



Service: Management of energy imbalance in the case of low uncertainty As mentioned above, when the BRP has enough information about upcoming imbalances, it would resort to SRP. In other words, the BRP is very certain (comparing to the use cases of CRP and CRP2) that it will be in a short (or long) position in some period. It has expected an X MW amount of shortfall (or surplus) and is looking to purchase Y amount of SRP to address this shortfall. Depending on the strategy and the risk taking nature of the BRP, Y may be less, equal or above X.



Name of service



Management of energy imbalance in the case of low uncertainty (uses SRP)



Service requester



Balancing Responsible Party (BRP)



Service supplier



Aggregator



Service ID



SRP-MEI-BRP



Other actors involved



Market, DSO, TSO, Consumers



Service negotiation gate closure



This type of service is expected to be negotiated hours ahead from the activation time.



Availability interval



Minimum settlement period (e.g. ½ hour) to a few hours.



Minimum volume



The BRP may not want to contract with an aggregator who cannot provide a large enough demand reduction or demand increase since there is a minimum “order size” required by the system operator for a balancing service provider (e.g. the minimum order size is 1 MW in the Balancing Mechanism of the UK).
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Requested/supplied power or power curve shape



-



Product volume: Power capacity in MW to be delivered by the aggregator. There is no energy volume requirement.



(MW over time)



-



Activation time, Tact : Not applicable.



-



Product deployment duration, Tdur : managing imbalance is required by a BRP all the time. For a standardised AD service that can be traded in a market, Tdur should be equal to the length of the settlement period (e.g. 15-30 minutes) or multiples of the settlement period.



-



dep



end



Deployment and ending ramping limitation range, Rlim , Rlim (MW/minute): can be included in the contract to address the dep



end



ramping limitation of AD. If both Rlim , Rlim are less than dep end po , the power curve will look like a trapezoid; if Rlim , Rlim Vser po



are much larger than Vser , the power curve will be close to a rectangular shape. -



Shape of the product delivery envelope (minimum and maximum, MW): This may not be necessary for energy balancing.



-



Specification on limits for energy payback.



Price structure (€, €/MW, €/MWh)



Service standing/option fee (€, €/MW): Not applicable.



Locational information (connexion node, substation (TSO level),etc)



The aggregator must specify to the DSO the appropriate information for the technical verification by the DSO and TSO and the relevant information to the BRP or TSO directly if an imbalance settlement mechanism exists.



Deployment energy price (€/MWh): The aggregator will be paid for providing the contracted demand modification.



Use case description Step 1. The BRP launches its imbalance forecast process and defines its needs. The BRP is very certain that it will be in short (or long) position. It has expected an X MW amount of shortfall (or surplus) and is looking to purchase Y amount of SRP to address this short fall. Depending on the strategy and risk taking nature of the BRP, Y may be less, equal or more than X. The BRP decides to acquire SRP for the provision of upward (or downward) according to the sign of the expected imbalance. Step 2. The BRP goes to the market (day-ahead market, intra-day markets or other) in order to seek offers that meet its needs. Steps 3 to 20 are then identical to those of the reference SRP use case presented in Section C.2.1.1 and Figure 3. They will not be repeated here.
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C.2.7.2



CRP-based services



Service: Management of energy imbalance in the case of medium uncertainty Here, the BRP is only certain about the direction of the potential imbalance; moreover its occurrence is uncertain as well. In other words, the BRP is certain that it could be only in a short (or only in a long) position in some period. The BRP expects that the volume of the imbalance will not go beyond X MW and is looking to purchase Y amount of CRP to address this shortfall/surplus. Depending on the strategy and the risk taking nature of the BRP, Y may be less, equal or above X. Name of service



Management of energy imbalance in the case of medium uncertainty (uses CRP)



Service requester



Balancing Responsible Party (BRP)



Service supplier



Aggregator



Service ID



CRP-MEI-BRP



Other actors involved



Market, DSO, TSO, Consumers



Service negotiation gate closure



This type of service is expected to be negotiated days ahead from the activation time.



Availability interval



1 hour up to a day.



Minimum volume



The BRP may not want to contract with an aggregator who cannot provide a large enough demand reduction or demand increase since there is a minimum “order size” required by the system operator for a balancing service provider (e.g. the minimum order size is 1MW in the Balancing Mechanism of the UK).



Requested/supplied power or power curve shape (MW over time)



-



Product volume: Power capacity in MW to be delivered by the aggregator. There is no energy volume requirement.



-



Activation time, Tact : It depends on the time delay in relaying signal from BRP Æ Aggregator Æ AD to activate an AD service.



-



Product deployment duration, Tdur : managing imbalance is required by a BRP all the time. For a standardised AD service that can be traded in a market, Tdur should be equal to the length of the settlement period (e.g. 15-30 minutes) or multiples of the settlement period.



-



dep



end



Deployment and ending ramping limitation range, Rlim , Rlim (MW/minute): can be included in the contract to address the dep



end



po



ramping limitation of AD. If both Rlim , Rlim are less than Vser , dep



end



the power curve will look like a trapezoid; if Rlim , Rlim are po



much larger than Vser , the power curve will be close to a -
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Price structure (€, €/MW, €/MWh)



Service standing/option fee (€, €/MW): The BRP is likely to pay the aggregator a standing and/or option fee for making available a potential demand modification. Deployment energy price (€/MWh): The aggregator will be paid for providing the contracted demand modification.



Locational information (connexion node, substation (TSO level),etc)



The aggregator must specify to the DSO the appropriate information for the technical verification by the DSO and TSO and the relevant information to the BRP or TSO directly if an imbalance settlement mechanism exists.



Use case description Step 1. The BRP launches its imbalance forecast process and defines its needs. The BRP is relatively certain that it will be in short (or long) position at period T. It expects an X MW amount of shortfall (or surplus) and is looking to purchase Y amount of SRP to address this short fall. Depending on the strategy and risk taking nature of the BRP, Y may be less, equal or more than X. The BRP decides to purchase a CRP for the provision of upward (or downward) regulation. Steps 2 to 10 are then identical to those of the reference CRP use case presented in Section C.2.1.2 and Figure 4 and are not repeated here. Step 11. Adverse conditions occur and the BRP detects the need for activation of this CRP product. Step 12. At Tact, the BRP activates the conditional Active Demand product by sending an activation signal to the aggregator. This message must include information regarding the direction of the service (demand increase or demand reduction) and the volume required. Steps 13 to 22 are then identical to those of the reference CRP use case presented in Section C.2.1.2 and Figure 4 and are not repeated here.
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Service: Management of energy imbalance in the case of medium uncertainty Here, the BRP is not certain about the direction of the potential imbalance; moreover its occurrence is uncertain as well. In other words, the BRP is not ever certain that it could be only in a short (or only in a long) position in some period. The BRP expects that the volume of the imbalance will not go beyond ±X MW and is looking to purchase Y amount of CRP-2 over a specific range to address this shortfall/surplus. Depending on the strategy and the risk taking nature of the BRP, Y may be less, equal or above |X|. A BRP would typically purchase some CRP-2 to cover some or all of its expected imbalances ahead of time rather than leaving all purchases until the last minute. Depending on the risk taking nature of the BRP, it may procure 0 (BRP is risk taking since it procures less than its expected need) up to more than Y amount (BRP is risk averse since it procures more than its expected need) of CRP-2. As the direction of imbalance (long or short) cannot be predicted accurately months ahead, a CRP-2 product is very useful in reducing the BRPs risk of not being able to reduce its imbalance at a reasonable cost. Name of service



Management of energy imbalance in the case of medium uncertainty (uses CRP-2)



Service requester



Balancing Responsible Party (BRP)



Service supplier



Aggregator



Service ID



CRP-2-MEI-BRP



Other actors involved



Market, DSO, TSO, Consumers



Service negotiation gate closure



This type of service is expected to be traded quite far from the activation time (e.g. months-weeks ahead of gate closure).



Availability interval



Days up to a year



Minimum volume



The BRP may not want to contract with an aggregator who cannot provide a large enough demand reduction or demand increase since there is a minimum “order size” required by the system operator for a balancing service provider (e.g. the minimum order size is 1MW in the Balancing Mechanism of the UK).



Requested/supplied power or power curve shape



-



Product volume: Power capacity in MW to be delivered by the aggregator. There is no energy volume requirement.



(MW over time)



-



Activation time,



Tact : It depends on the time delay in relaying signal



from BRP Æ Aggregator Æ AD to activate an AD service. -



Product deployment duration,



Tdur : managing imbalance is required by



a BRP all the time. For a standardised AD service that can be traded in a market,



Tdur



should be equal to the length of the settlement period



(e.g. 15-30 minutes) or multiples of the settlement period. -



Deployment and ending ramping limitation range,



dep end , Rlim Rlim



(MW/minute): can be included in the contract to address the ramping limitation of AD. If both



dep end Rlim , Rlim



curve will look like a trapezoid; if



are less than



dep end Rlim , Rlim



po Vser , the power



are much larger than



po , the power curve will be close to a rectangular shape. Vser



-



Shape of the product delivery envelope (minimum and maximum, MW): This may not be necessary for energy balancing.



-



Specification on limits for energy payback.
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Price structure (€, €/MW, €/MWh) Service standing/option fee (€, €/MW): The BRP is likely to pay the aggregator a standing and/or option fee for making available a demand modification. Deployment energy price (€/MWh): The aggregator will be paid for providing the contracted demand modification. Locational information (connexion The aggregator must specify to the DSO the appropriate information for the node, substation (TSO level),etc) technical verification by the DSO and TSO and the relevant information to the BRP or TSO directly if an imbalance settlement mechanism exists.



Use case description Step 1. The BRP is uncertain whether it will be in a short or a long position between periods T to T’ in the future. Historically it was never exposed to more than X MW of shortfall and X’ MW of surplus. It is looking to negotiate a contract that allows it to perform Y MW of upward regulation and Y’ MW of downward regulation to meet its expected energy imbalance (between periods T to T’) at a reasonable cost. Depending on the strategy and the risk taking nature of the BRP, Y (or Y’) may be less, equal or more than X (or X’). The BRP decided to purchase an option contract in the form of CRP-2 for the provision of upward and downward regulation as this gives the BRP more flexibility as compared to other alternative solutions. Steps 2 to 10 are then identical to those of the reference CRP use case presented in Section C.2.1.2 and Figure 4 and are not repeated here. Step 11. Adverse conditions occur and the BRP detects the need for activation of this CRP product. Step 12. At Tact, the BRP activates the conditional Active Demand product by sending an activation signal to the aggregator. This message must include information regarding the direction of the service (demand increase or demand reduction) and the volume required. Steps 13 to 22 are then identical to those of the reference CRP use case presented in Section C.2.1.2 and Figure 4 and are not repeated here.
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C.2.8. Large consumer (LC) Large consumers attempt to keep their electricity bills to a minimum. Active demand may be an extra lever available to them to fine tune better their short-term positions. C.2.8.1



SRP-based services



Service: Minimisation of energy procurement costs The large consumer wants to optimise its purchases. The large consumer buys some capacity in the short term to minimise the cost of its electricity consumption and to satisfy its consumption. If the large consumer needs more electricity in the short term and if the wholesale price is lower than the price offered by it supplier, the large consumer buys on the wholesale market. Available active demand (for demand reduction) can play an equivalent role in that case. Name of service



Provision of energy at short term in order to minimise the cost of its electricity consumption (uses SRP)



Service requester



Large consumer



Service supplier



Aggregator



Service ID



SRP-MEC-LC



Other actors involved



Market, DSO, TSO, Consumer



Service negotiation gate closure



A few days before the product can be made available.



Availability interval



Probably on peak hours



Minimum volume



N/A



Requested/supplied power or power curve shape (MW over time)



-



Product volume: Power in MW to be delivered by the aggregator. It depends on the price of purchase of production, it depends also on the risk management of the consumer and it depends on its consumption profile.



-



Activation time, Tact : Not applicable.



-



Product deployment duration, Tdur : few hours during peak hours when the price of AD energy could be lower than production energy. dep



end



-



Deployment and ending ramping limitation range, Rlim , Rlim



-



(MW/minute): as per contract. Tolerance gap between schedule and delivery (minimum and maximum, MW): as per contract. Specification on limits for energy payback.



Price structure (€, €/MW, €/MWh)



Service standing/option fee (€, €/MW): Not applicable. Deployment energy price (€/MWh): competitive with the electricity market price at this time.



Locational information (connexion node, substation (TSO level),etc)



Aggregators have to inform DSO of the location of active demand providers and maybe also TSO if an imbalance settlement mechanism is in place.
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C.2.8.2



CRP-based services



There are no identified services using CRP for the large consumer.
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Appendix D. AD services for regulated players (DSOs, TSOs) After Appendix C which was devoted to deregulated players, Appendix D now consider AD services for the regulated participants, namely the DSOs and TSOs. Therefore it also complements Section 2 of the core document (see Table 1) and describes in detail: -



In Section D.1 below, the expectations of DSOs and TSOs with respect to AD,



-



Then in Section D.2, the main services that can be provided to them by AD within the scope of the project. Indeed, like previously, emergency situations will not be studied, as well as services involving time responses not compatible with the 20 to 30 minute minimum time frame considered for the exchange of signals with the consumers.



-



In Section D.3, all the services identified are formulated in a standardized way using the AD products and the template presented in Section 2 of the core document (and recalled in Appendix C). For each of the AD services presented, the interactions between all the participants involved in the AD service provision are described in the form of use cases24. In particular the two reference use cases that have been defined for the provision of AD services to regulated participants are presented graphically in the form of sequence diagrams.



-



As a conclusion Section D.4 summarizes the 7 AD services for the regulated players that are described in detail in Sections D.2 and D.3.



-



Finally Section D.5 provides, in an annexe, a short introduction to Medium Voltage Control Center (MVCC) tools. This section is intended to help the understanding since, in Appendix D, reference is often made to DSO’s activities and processes as well as to some MVCC tools.



Remark: in Section D.3, the results are presented service by service. This organisation of the information necessarily leads to repetitions between the services since they may often be rather similar. But this allows to have direct access to a complete description when one is interested in a specific service.



D.1. Expectations of DSOs and TSOs with respect to AD Active Demand may provide solutions to certain needs of DSOs and TSOs. Main cases are listed in Table 7 which thus gives the expectations of DSOs and TSOs with respect to AD.



24



The use case for a service represents on a timeline all the interactions between the players involved in the provision of this service (including those involved in the technical verification), along with their internal processes.
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Summary of DSOs and TSOs expectations with respect to AD Expectation



DSO



TSO



1



Power flow control/Network congestion solution



X



X



2



Network restoration/Black start



X



X



3



Frequency control/Power reserve



X



X



4



Voltage control and Reactive power compensation



X



5



Power system voltage stability



6



Islanded operation/micro-grids



X



X



7



Reduction of system losses



X



X



8



Optimised development and usage of the network



X



X



These expectations are further discussed below. However some expectations or aspects of the above expectations are outside the ADDRESS scope: - Expectation No. 5 “Power system voltage stability”. - Expectation No. 6 “Islanded operation/micro-grids”. - Aspects of the other expectations which require a fast response, or imply use of AD in emergency or special operating conditions (situations that will not be studied in ADDRESS). AD solution is one possibility among other more classical solutions. Up to what point an AD solution can “substitute” to more classical solutions will be studied in more detail in WP3, in particular with respect to the network security. Additionally it is clear that the DSO/TSO tools will need to be adapted to integrate the use of the different possibilities and in particular the use of AD solutions. Again, the specification and development of these adaptations will be made in WP3. Some requirements are already included in this Appendix. NB: A short introduction to DSO tools and more precisely MVCC tools is given in Section D.5.



D.1.1. Power flow control/network congestion solution On distribution networks, AD may be used to solve congestions on HV, MV, LV networks through the modifications of loads and therefore of power flows on the networks. Additionally, depending on the regulation and market structure, DSOs may have contracts with TSOs for access to the transmission network and power delivery at the substations between transmission and distribution networks, such that at each delivery point the DSO must specify for instance the dayahead to the TSO a value for the maximum power demand. In the case the actual maximum value is higher than the estimated one, the DSO may have to pay a penalty. AD may help to limit the maximum load so that the DSO can comply with the contractual commitments with the TSO. On transmission networks, AD may be used to solve congestions through the modifications of loads and therefore of power flows on the networks. The TSO might request to the market (coordinating this action with DSO) to reduce the load in a defined area of the network.



D.1.2. Frequency control/Power reserve A word of caution about terminology is necessary here, since across Europe similar services are named in very different ways. The typical example of the “secondary” frequency control is significant.
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Revision 1.0 In UCTE, it stands for the central automatic control of a number of generators. In other areas, this type of central control does not exist; e.g. in the UK secondary response is a subset of primary control (using the UCTE definitions), while Nordel uses “secondary” to refer to manually instructed reserves, which is “tertiary control” in UCTE. In [1], it is suggested to use the terms “frequency control” for the services of automatic delivery and “reserves and energy balancing” (“tertiary reserves and energy balancing” in [2] and newer ETSO documents) for manually instructed service delivery by the TSO (“other services” are related to, for example, reactive power and the resolution of congestions). In turn, terms pertaining to frequency are “primary control” and “secondary control”. -



Primary frequency control is the automatic reaction of the primary (i.e. local) controller of generating sets to a frequency deviation, intended to quickly restore the imbalance between load and generation thus containing frequency variations. Loads already help containing frequency deviations thanks to the self-regulating effect of frequency sensitive loads such as induction motors; however, this effect is not controllable, for it depends only on the load characteristics. Load participation in primary frequency control is certainly a topic of interest which is presently studied and tested in different project or programmes. However it implies a fast response which is out of the scope of ADDRESS. Therefore participation of loads in primary frequency control will not be further considered here.



-



Secondary frequency control is a centralised automatic control in a control area which adjusts the active power generation in the area to restore the frequency and the interchanges with other areas to their target values, following the delivery of primary control in response to a sudden variation of production or consumption. In other words, as far as frequency is concerned, while primary frequency control limits frequency excursions, secondary control brings the frequency back to its target value. Contrary to primary frequency control, secondary frequency control is not local and requires signals to be sent to the contributing units. Generation plants are the type of units that partake into this control; large industrial loads could contribute to this kind of control if the process permits it. The contribution of medium and small loads would be much more complex and would require the implementation of some sort of aggregation and appropriate control strategies. But again due to the response time involved, this topic is out of the scope of ADDRESS.



-



Tertiary reserves (for frequency control) and energy balancing refer to service delivery manually instructed by the TSO to change the dispatching and commitment of generating units. This control is less restricting than the previous ones in terms of dynamics of reserve deployment. It is used to: o restore the primary and secondary frequency control margins, thus helping in bringing to zero the frequency and the interchange deviations if the secondary control is unable to do so. o compensate for slowly increasing imbalances between load and generation. In some countries, tertiary reserves may sometimes be used also for the management of network congestions. Depending on the regulatory context, the provision of tertiary reserves may be mandatory. Tertiary reserves are generally associated with the balancing mechanism (or balancing market) where the TSO calls upon bids and offers from power system participants (for instance suppliers, generators, large customers) to actively manage either their load or their generation in particular locations and times and chooses the offers that meet the power system needs. In particular this mechanism is used to cover imbalances due to peaks in the loads and to
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Revision 1.0 the variability of renewable energy sources (such as wind energy). In some countries, industrial loads already contribute to tertiary reserves or to the balancing mechanism. Presently, AD programs are also investigating the possible contribution of medium and small loads (and in particular domestic loads). Frequency control is under the responsibility of TSOs. However with the development of Distributed Generation (DG) on distribution networks and the evolution towards active distribution networks, DSOs will be involved, directly or indirectly, in the provision of the services for this control. More specifically, to keep the frequency at appropriate levels, active power reserves are needed to meet unplanned increases in demand or sudden losses of production. Presently, these reserves are mainly provided by centralised generation connected to transmission networks. However, in some countries with high levels of penetration of DG (mainly wind energy) some sort of reserve capabilities are now required from DG. Since DG is mainly connected to distribution networks, it may become the responsibility of the DSO to ensure that DG contributes to active power reserves and frequency control. In the same way, with the development of AD concept on distribution networks, the contribution of domestic customers and small or medium commercial and industrial customers to active power reserve and some sort of frequency control might be envisaged. In this case, depending on the regulatory context, the DSO might have an important role to play.



D.1.3. Load shedding Load shedding is intended for a quick power reduction to avoid the risk of falling frequency and voltage collapse. In both cases, the network may become unstable and connected generators, do may eventually disconnect, causing a blackout to a whole area. Where it is not possible to balance generation and demand, TSO can use load shedding as an action of last resort. Actually load shedding is planned by the TSO, but is implemented for a part by the DSO by tripping distribution feeders. Load shedding may be a national or regional need. It may be implemented on the basis of a predefined automatic load shedding plan. In order to limit the consequences for the consumers, rotating load shedding25, with limited duration (about two hours), could also be organised. AD might contribute to implement load shedding in a much smarter and more efficient way while limiting the inconvenience for the customers. Indeed, AD can contribute allowing a low impact load reduction or offering other types of services. For instance, the DSO or the TSO can use this service to reduce the voltage violation or current constraints. This type of service can be used at different periods: in the long term, day-ahead, intra-day or in real-time. TSO or DSO can use several types of load shedding depending of the situation: Load shedding in case of frequency drop In the context of frequency control, load shedding in the event of a frequency drop is one of the oldest Demand Side Management measures, implemented to avoid power system collapse. Usually the TSO is responsible for frequency control; therefore it is also responsible of this load reduction. Load shedding starts when the frequency drops below a certain threshold, for example 49Hz in UCTE. It consists of tripping (usually automatically) whole distribution feeders and large industrial customers 25



It is a particular type of load shedding. It is used to avoid penalizing always the same consumers. It consists in changing periodically the consumers who are cut. So, more consumers are concerned by the load reduction but the total power cut duration for each consumer is reduced.
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Revision 1.0 connected to the transmission network.26 AD could contribute to avoid this situation but this type of fast action is out of the scope of the ADDRESS project. Fast Load shedding Fast load shedding is used following a dangerous situation in the network needing a quick remedy, given the level of constraint and the overload time allowed on the TSO network. This type of load shedding is generally an automatic real-time load shedding and must be achieved in less than 20 minutes. AD can contribute to reduce its volume and impact on consumers. More specifically an AD action cannot probably be used as a substitute for an emergency load shedding (for reasons linked to speed and confidence of completion, and frequency of use) but once the emergency load shedding has been done, the use of AD products may be envisaged to share the burden between a larger number of consumers (acting as a rotating load shedding). Power Load reduction Power load reduction could be used in the following cases, depending on the urgency of reduction and its perimeter: o



Punctual and localised reduction: when the TSO needs a quick load reduction limited to a few substations between the transmission and the distribution networks. This is real-time load reduction (with a required response time that may be lower than 15 min). AD can contribute to reduce its volume and impact on consumers. But like previously an AD action cannot be used as a substitute for a fast load reduction when the required response time is lower than 20 min. However once the fast load reduction has been done, AD may be used to share the burden between a larger number of consumers (rotating load reduction).



o



Prepared reduction: when the time scale for implementation of load reduction is more than an hour, the TSO can ask the DSO to prepare a load reduction in power. The DSO can also use this type of load reduction for its own needs (to anticipate voltage and current constraints or to plan the network maintenance). This could be a day-ahead or intra-day load reduction. AD can be used to provide this type of service, which is fully in the scope of ADDRESS.



o



Planned reduction: in the case of exceptional situations, for example, where the supply-demand balance (e.g. in case of heat-wave plan, ...) becomes critical, the TSO sends to the DSO, generally the day-ahead, the forecast of the volume of load reduction. The TSO or the DSO can also use it to plan the long/medium term or the day-ahead network maintenance. Again, AD can be used to provide this type of service, which is fully in the scope of ADDRESS.



D.1.4. Network restoration/Black start AD may contribute to network restoration after a partial or complete loss of supply on parts of the distribution or transmission network or after a blackout, thus providing service to the DSO and/or the TSO. Limiting consumption will help generation units and substations to progressively recover load in 26



Load tripping often comprises several stages with decreasing frequency thresholds, each corresponding to an additional amount of load shed. For instance in France, there are 4 stages at 49Hz, 48.5 Hz, 48 Hz and 47.5 Hz, each stage corresponding to the reduction of approximately 15% of the total consumption (or 20% when referred solely to the consumption part connected to the distribution networks). Note that the first stage of load shedding in UCTE was triggered on November 4th 2006 and largely contributed to avoid the blackout of the Western area of the European power system (about 17 000 MW of consumption was tripped)
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D.1.5. Voltage control and reactive power compensation DSO: the voltage on distribution networks has to be maintained between lower and upper limits. The voltage profile varies along feeders with load and generation and therefore voltage control has to be performed. Among AD actions, correction of the power factor is the easiest and is often already implemented at large or medium customers’ premises, either by obligation (grid code) or by contractual commitments (with possible penalties). However, AD might also be used to contribute to some sort of voltage control at certain points on the network even if the way to implement it does not seem easy. It will require appropriate monitoring in order to avoid any possible adverse effects. TSO: for transmission networks we can consider three levels of voltage control, which require participating devices to be able to generate or absorb reactive power, due to the close link between voltage and reactive power in transmission networks: o



Primary voltage control is the local automatic control that maintains the voltage at a given node at its set point. Automatic Voltage Regulators (AVR) fulfil this task for generating units. Other controllable devices, such as static voltage compensators, can also participate in primary voltage control.



o



Secondary voltage control is a centralized automatic control that coordinates the actions of local regulators in order to manage the injection of reactive power within a regional zone.



o



Tertiary voltage control refers to the manual optimisation of nodal voltages- reactive power flows in the network.



Today consumers already contribute to voltage control on the transmission network through power factor correction. Moreover the control of reactive power by consumers improves the voltage profile on the network. Additionally, AD may certainly contribute some voltage control; at present it is not easy to envisage how AD can participate in a complex voltage control process in three levels such as the one described above. The development of adapted strategies might be needed.



D.1.6. Power system voltage stability Like frequency control, maintaining power system voltage stability is mainly the responsibility of TSOs, and the loads play a crucial role in this phenomenon. The measures adopted by TSOs are to increase reactive power injection, to reduce loads, to start new generation units, to block transformer tap changers at EHV/MV and HV/MV substations, to reduce the MV voltage. The DSO is therefore involved in such actions. The use of AD on the distribution network may be envisaged. However, voltage collapse is a very complex phenomenon and it might be difficult to establish an appropriate AD strategy. Nevertheless, power system voltage stability is related to emergency conditions and therefore is out of the scope of the ADDRESS project.



D.1.7. Islanded operation/micro-grids DSO: Islanded operation of parts of the distribution network is still an open question and very dependent on the regulatory context; intentional islanded operation of a distribution network is
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Revision 1.0 forbidden in some countries, while it may sometimes be useful and even desirable. For instance, in the case of blackouts or long duration power cuts due to problems on the transmission network, islanded operation of parts of the distribution network may allow supply customers until the system is restored. Also, in areas where the transmission network is often subject to disturbances (e.g. lightning strokes) and voltage dips, islanded operation may be used to provide higher quality of supply. Nevertheless, in the context of the Smart Grids of the future, new concepts of distribution networks are presently being developed on the principle of deliberate islanding: for instance the concept of micro-grids. Operation of islanded distribution networks or of micro-grids is complex. The balance between load and generation is more difficult to achieve. Appropriate control equipment and strategies are required to guarantee and maintain the quality and continuity of supply. In this context, load management appears particularly useful and sometimes indispensable. Therefore AD can play a key role. TSO: under special circumstances, parts of transmission networks may be operated in islanded mode. The reasons that make desirable the islanded operation of parts of the transmission network are the same as for the distribution networks. In any case, islanded operation of parts of the transmission networks must be approved by the TSO and allowed by the regulatory context. In case of islanded operation, the TSO still has to ensure the real-time balance between load and generation, and for this proposes already uses load management measures such as load reduction or the TSOs may ask industrial customers to reduce their load. Therefore AD can provide useful solutions. However, islanded operation and micro-grids are out of the scope of the ADDRESS project and therefore will not be considered here.



D.2. Main services provided by Active Demand The previous section (D.1) has presented the expectations of the DSOs and TSOs with respect to AD. These expectations can be met by three main types of AD services as illustrated in Table 8: - Voltage regulation and power flow control, - Tertiary active power control, - Smart load reduction. Table 8.



The three main types of AD services for DSOs and TSOs Service



Expectation Power flow control/Network congestion solution



Voltage Regulation and Power Flow Control



Tertiary Active Power Control



X



Frequency control/Power reserve



Smart Load Reduction X



X



Network restoration/Black start



X



Voltage control and Reactive power compensation



X



Reduction of system losses



X



X



Optimized development and usage of the network



X



X
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Revision 1.0 Table 8 shows the correspondences between the expectations and the 3 types of AD services, i.e. which expectations can be met by each type of AD services. Each of them requires a modification of the consumption (or production) in reaction to DSO/TSO requests with a response time depending on the service provided. But as it is clear in the following description, a response/activation time shorter that the 20-30 min time frame would improve the provision of desirable services by AD. This does open perspective for further works “after ADDRESS”. Technical requirements for the services to be provided to DSOs and TSOs by means of AD will be defined below. Coordination between TSO/DSO is generally needed: this is discussed in Section 2 of the core report of the Deliverable D1.1 and in Appendix E.



D.2.1. Voltage Regulation and Power Flow control (VRPF) D.2.1.1



Description



At the present time voltage regulation in “passive” distribution networks with unidirectional “top-down” power flows, is performed by means of voltage regulators and on-load transformer tap changers in HV/MV substations, and adjusting off load transformer tap changers in MV/LV substations. AD can play an important role in voltage regulation and power flow control services in future distribution networks characterized by huge penetration of distributed generation and bidirectional power flows. LV consumers can participate to VRPF for the LV network itself or for the upper voltage level (MV). Service provision for the MV level must take into account that all the constraints of the LV network (e.g. the voltage values must be kept inside the allowed profile). The VRPF service for the HV network (TSO service), acting on LV networks, can hardly be seen practically applicable as far as voltage regulation is concerned. It appears possible, however, to influence power flows also on the transmission level networks. This requires large amounts of active demand (i.e. contributions of many small loads) to be activated within a specific region, for example a specific city or an even larger area. Voltage Regulation and Power Flow control in critical areas has the scope of adjusting load and generation P and Q profiles to guarantee appropriate voltage levels and power flows. The DSO must have the appropriate tools (e.g. DMS or Distribution Management System – see Section D.5) to verify voltage profiles in the networks (LV and/or MV) and to find the possible solutions in the event of critical situations on some lines or distribution areas. LV aggregated commitment is the subject of the ADDRESS project, and refers to medium (“dayahead”) and “long term” types of services. More specifically, every day the DSO checks the production/consumption plans for the day after (forecast), verifying the compliance with network constraints. When violations occur (e.g. the voltage in some points of the network exceeds the limits) the plan is rearranged until it complies with the network operation limits. The real actuation of the planned program during the target day is another problem because of evaluation forecast errors, power imbalance or participants’ non-compliant behaviour with the forecasted commitment, some constraints could be violated and in this case DSO must recover the situation in real time.
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the DSO calculates the state of the network with a state estimator27 and verifies that no constraint is violated.



o



If the voltage profile or the power flow does not comply, a corrective action must be evaluated and a request sent to the market.



o



The DSO verifies that the response from the market is compliant with all the constraints; •



If the goal is met, the DSO confirms the purchase of the service or the feasibility of the market proposal;



•



If not, another proposal can be sent to the market.



The process must be closed within a proper time interval, according to the service type (see Table 9 below); o



Aggregators having sold the service must send the appropriate signals directly to the Energy Boxes of the consumers and monitor their responses.



This service can be considered as a “daily” or “real time” tuning action. D.2.1.2



Requirements



The DSOs requirements: o



Know the network topology, and the location of each customer (producer, consumer and prosumer) in the network by means of an appropriate database;



o



Divide each LV line into different Load Areas (A1, A2, …): ƒ Each Area is composed of several consumers whose loads are equivalent from the electrical point of view; ƒ The belonging Area must be communicated to the Aggregators28 and updated on every change;



o



For a regulation action, refer to one Load Area giving its code to the market and receiving a proposal from the different aggregators having consumers in that Area;



o



Have DMS tools for the state estimation of the network and for the evaluation of VRPF solutions;



O



Have the possibility of downloading the load profile of each consumer with a 15 min resolution and a Data Base of historical load curves.



The aggregators requirements: O



Collect customers into homogeneous Load Areas and Macro Areas according to DSO indications.



D.2.1.3



VPRF service technical features



Table 9 gives the summary of the technical features of the VPRF service type. In this table: -



“Service type” refers to the negotiation closing timing (gate closure).



27



A Distribution State Estimator is an optimisation software (included in a tool) that uses a limited number of measurements combined with the network model in order to estimate the electrical state of the network in real time. 28 The belonging Area could also be communicated to each consumer, depending on the regulation in the country.
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“Activation Time”: time interval between the request and the corresponding action of consumers.



-



“Service Duration”: deployment duration of the regulation service.



-



The activation time is specified at 15 minutes in the table. Should it turn out that AD needs a bit longer for being activated, e.g. 30 minutes, it can still be valuable for the VRPF service. The activation time requirements depend on how dynamically the power flow situation in a network develops. This is, in turn, highly dependent on the characteristics of load and generation in the affected part of the network, and on the point in time.



Table 9.



Summary of VPRF service technical features



Service type



P/Q amount



Activation Time



Service Duration



Day-ahead



Any value



15 min *



12-24 hours



Daily



Any value



15 min *



4 hours



Real Time



Any value



15 min *



30 min



TSO’s requests for this kind of service must refer to a specific HV line or HV/MV transformer. Therefore each TSO’s request can be forwarded to the market provided that the aggregators have the information relevant to the position of the consumers in their portfolio in the electric network continuously updated by DSOs.



D.2.2. Tertiary active power control (or service) This subsection is based on the information gathered within the ADDRESS Consortium and on the documents [1], 0. D.2.2.1



Definition and Description



Tertiary active power control is used for the non-automatic action instructed by the TSO and intended to restore adequate operational conditions for automatic frequency control. This power control ensures that the operation of the system remains secure for normal operation and secure against credible contingencies regarding generation-load power balance. Reserves for emergency conditions, such as interruptible loads under the direct control of the TSO, are an emergency countermeasure not intended as tertiary active power control. The tertiary active power control service is procured mostly through an organized market, which the providers are requested to partake into (although other procurements may be activated for some specific TSO needs – see [1]). For most TSOs, bids (mainly from generators and possibly from loads) must be submitted day-ahead or at intra-day gate closure. Some countries rely only on generators and possibly on pumped hydro power plants (for some or all services), while in other countries and/or for different services the loads (demand side management) can provide the service. Since both generators and loads can in principle, provide the tertiary power reserve service, here we do not distinguish who is the provider of the service. It is significant that Swedish TSO (Svenska Kraftnät) has declared its interest in the participation of loads to the regulation. In particular, reducing consumption (in the so-called upward regulation) is preferable to
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Revision 1.0 increasing generation for balancing purposes if there is some risk for network congestion. The Belgian TSO is interested in clusters of DG, but action on loads (through AD) may be even more interesting. Besides the participation in an organized market, main requirements for the provision of tertiary power reserve are timing/duration/volume of the service and location in the transmission network. Timing/duration/volume Across Europe, and in the same country for different services, the requirement on notice-to-deliver time ranges from less than 5 min (fast reserves in Italy and England & Wales) up to 1 hour and beyond. The time-to-100%-delivery requirement also ranges widely. In many cases, the time-to-100%delivery falls within 10 to 15 min [4] [3] [1]. Minimum volume of reserve is 10 MW (data available for Italy and Sweden). The two timing requirements are not always imposed together. The 15 min time requirement for the tertiary power reserve complies with the UCTE recommendations to restore an adequate secondary control (in UCTE terminology) range within 15 minutes 0; it is named ready/minute reserve. Tertiary power reserve available in longer time, say 1 h, is intended to restore the previous one; it is the so-called cold reserve, and it is used only in the upward regulation (when more generation, or less consumption, is required). Further requirements usually concern the minimum time duration which the service (usually referred only to additional generation) must be guaranteed for: e.g. 2 hours for the 15 min category and 6-8 hours for the 60 min category. All together, the above requirements can be represented on a time-power graph reported in Figure 5, where the origin of the time axis represents the time the request is issued by the TSO.
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(a) Figure 5.
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(b)



Time/volume/duration of tertiary power reserve service



In Figure 5, •



Pmin is the minimum volume requirement of the service,



•



Pserv is the contracted volume of the service or the volume to-be-delivered (|Pserv| is larger than | Pmin|),



•



tn_d is the maximum time the provider has to start providing the service; it ranges from less than 5 min to 1 h or more (the latter only for the upward regulation), 



•



t100% is the maximum time to provide either 100% of the minimum volume requirement, Pmin
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Revision 1.0 (Figure 5a) or 100% of the contracted volume, Pserv (Figure 5b). Indeed, in some countries the service provider has to deliver Pmin within t100% (whatever Pserv is) as in Figure 5a, whereas in other countries the provider has to deliver the full contracted service volume Pserv within t100% as in Figure 5b. This time too ranges widely from less than 5 min to 1 h and more (the latter only for the upward regulation). •



tT is the minimum duration the full service has to be granted for; it ranges from 2 h (for the faster services, with t100% up to 15 min) to 8 h (for slower service with t100% = 1 h).



Timing requirements for the fastest services described above may be too restrictive with respect to ADDRESS time frames mentioned in the project so far (20-30 min). Geographical location Geographical location is a transmission network security requirement. TSOs, which may face congestions, are concerned about the location of the tertiary reserve provider in their network. When congestions arise in the transmission network, TSO can consider dividing the network into “zones”, defined such that congestions do not occur within a zone but are confined in the lines connecting zones. If TSO-zoning exists, tertiary reserves must be well distributed among zones. The geographical requirement is, strictly speaking, related to TSO-zones, although the TSO may need to know the exact node where the service is offered. If it was possible to offer tertiary reserve service in a TSO-zone instead of at a transmission network node, it would enhance the possibilities for ADDRESS solutions to participate in the service provision. D.2.2.2



Requirements



The DSOs requirements -



Knowledge of the network topology and location of each customer (producer, consumer and prosumer) in the network by means of an appropriate database.



-



Division of each LV line into different Load Areas (A1, A2, …): o Each Area is composed of several consumers whose loads are equivalent from the electrical point of view. o The belonging Area must be communicated to the Aggregators29 and updated on every change.



-



Collection of Load Areas into Macro (greater) Load Areas, tailored according to TSOs point of view. o Macro Load Areas must be communicated to the TSO and updated on every change; o The group of Load Areas forming each Macro Load Area must be communicated to the Aggregators and updated on every change.



The TSOs requirements -



Identify the amount of load to be disconnected and the relevant Macro Load Area.



-



Ask the market for a load reduction in involved Macro Areas of the network, informing DSOs about each request.



29



The belonging Area could be also communicated to each consumer, depending on the regulation in the country.
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Collect customers into homogeneous Load Areas and Macro Areas according to DSO indications.



D.2.2.3



Technical features of the service



Apart from the participation in an organized market, the previous requirements are of technical nature and are summarized in Table 10 below.



Table 10. Summary of technical features for tertiary power control Service type Long term Day-ahead Intra-day



P amount



10 MW (minimum)



Activation Time ≤ 15 min (≤ 5 min for fast reserve) ≤1h



Service Duration



≥2h ≥8h



D.2.3. Smart load reduction Active Demand can contribute to reduce the impact on the consumer of power load reduction enhancing the efficiency of this technique as well. D.2.3.1



Description



Power load reduction could be used in the following cases, depending on the urgency of the reduction and its perimeter: o



Punctual and localised reduction: when the TSO needs a quick load reduction limited to a few substations between the transmission and the distribution networks. This is real-time load reduction (with a required time response that may be lower than 15 min). AD can contribute to reduce its volume and impact on consumers. But an AD action cannot be used as a substitute for a fast load reduction when the required response time is lower than 20 min. However once the fast load reduction has been done, AD may be used to share the burden between a larger number of consumers (rotating load reduction).



o



Prepared reduction: when the time scale for implementation of load reduction is more than an hour, the TSO can ask the DSO to prepare a load reduction in power. The DSO can also use this type of load reduction for its own needs (to anticipate voltage and current constraints or to plan the network maintenance). This could be a day-ahead or intra-day load reduction. AD can be used to provide this type of service, which is fully in the scope of ADDRESS.



o



Planned reduction: in the case of exceptional situations, for example, where the supply-demand balance (e.g. in case of heat-wave plan, ...) becomes critical, the TSO sends to the DSO, generally the day-ahead, the forecast of the volume of load reduction. The TSO or the DSO can also use it to plan the long/medium term or the day-ahead network maintenance. Again, AD can be used to provide this type of service, which is fully in the scope of ADDRESS.



The other types of load reduction presented in Section D.1.3 such as load shedding in case of frequency drop or fast load shedding need an automatic control of the loads and are out of the scope of the ADDRESS project. Copyright ADDRESS Consortium
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Requirements



The DSOs requirements -



Knowledge of the network topology and location of each customer (producer, consumer and prosumer) in the network by means of an appropriate database.



-



Availability of DMS tools for the state estimation and load flow calculation of the network to detect the constraints or violations.



-



Knowledge of the load profile of each customer with a 15 min resolution and a database of historical load curves.



-



Division of each LV line into different Load Areas (A1, A2, …): o Each Area is composed of several customers whose loads are equivalent from the electrical point of view; o The belonging Area must be communicated to the Aggregators30 and updated on every change;



-



Collection of Load Areas into Macro (greater) Load Areas, tailored according to TSOs point of view. o Macro Load Areas must be communicated to the TSO and updated on every change. o The group of Load Areas forming each Macro Load Area must be communicated to the Aggregators and updated on every change.



-



Ask the Market for a load reduction in certain Load Areas of the network, informing TSOs about each request.



The TSOs requirements -



Identify the amount of load to be disconnected and the relevant Macro Load Area.



-



Ask the Market for a load reduction in certain Macro Areas of the network, informing DSOs about each request.



The aggregators requirements -



Collect customers into homogeneous Load Areas and Macro Areas according to DSO indications.



D.2.3.3



Technical features of the service



In this paragraph we consider only the AD participation to the power load reduction. The automatic actions, as the automatic load shedding, have not been considered.



30



The belonging Area could be also communicated to each consumer, depending on the regulation in the country.
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Revision 1.0 Table 11. Summary of technical features for smart load reduction Service type



Load reduction Type



Activation Time



Service Duration



Long term



Power Load reduction



15 min



Day Week Month



Day-ahead



Power Load reduction



15 min



24 hours



Intra-day



Power Load reduction



15 min



4 hours



Concerning the TSO requests, for this kind of service, it’s necessary to refer to a specific HV/MV transformer. Therefore they can be forwarded to the market provided that each Aggregator has the information relevant to the position of his point of delivery in the electric network (Macro Load Area) continuously updated by DSOs.



D.3. AD services and products for the regulated participants Since the electricity markets in all EU member states are different, the conditions for implementing AD based services may be different, at least under present circumstances. Although the service characteristics and use cases presented in the following sections are carefully compiled and documented and should be valid for most countries, there may be markets where certain modifications will become necessary due to their specific structure (e.g. the notification to aggregators of the acceptance of SRP-based offers). In this document it will not be possible to cover all market conditions and service specific variants. In addition, it can be envisaged that not necessarily all steps represented in use cases will be carried out at every instance, and that during normal operation conditions only a few will be actually passed through, while at some instances all the actions may have to be accomplished. It is worth saying that the whole chain of actions may be necessary during the early stage of the introduction and use of AD services, before TSOs and DSOs have passed through the "learning curve" and before AD services have become more commonly utilised. Similarly to the chain of actions above, according to country specific regulatory aspects, electricity sector characteristics and AD deployment degree, some of the interactions shown in this document could be different or not needed at all.



D.3.1. Service characteristics The decision-making process, from the recognition by DSO/TSO of the need for a service AD can provide up to the delivery of the service by the consumers, can be split into two relevant actions: the service procurement and the service activation. For scheduled services, the procurement and the activation timings coincide; once the service is procured, it is also activated. Conditional services are procured well in advance before their activation is possibly requested (e.g. there is no need to procure in real-time a conditional service; if a service has to be procured in real time it is deemed to be used for sure). In addition, it can be excluded that the activation timing can be longer than the procurement timing. The Table below summarizes the combinations of actions for the AD products.
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Revision 1.0 Table 12. Timing of AD services related actions and AD products Action



Activation



Procurement



a.



a. (Real time)



x



b. (Hour-ahead)



x



x



c. (Day-ahead)



x



x



x



d. (Week-ahead)



x



x



x



x



e. (Month/season ahead)



x



x



x



x



SRP



b.



c.



d.



e.



x



- CRP



The timing of actions have quite an impact on the decision-making structure. AD services are given a service ID that summarizes the activation timing (the same as procurement timing for SRP): FT (fast) corresponding to timing a. (real time), and SL (slow), corresponding to timings b. to e. (hour-ahead or more). The next section describes the AD-based services that can be offered to DSOs and TSOs, including standardized formulation using the AD service templates and the use case description for each of them. The System Operators must ensure an open, non-discriminatory and comparable access to the network to the all the participants. DSO/TSO may found several ways to close an agreement with aggregators (or other alternative providers): • Marketplaces allowing the purchase and sale of standardised products (such as power exchanges or trading platforms), or • Call for tenders to negotiate bilateral contracts. Depending on the market structure and rules, different, less or additional exchanges may be needed, e.g. between the aggregator, with the Balancing Responsible Parties and the retailer, between aggregator and Systems Operators, ….
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D.3.2. Voltage regulation and power flow control Network operators (DSO and TSO) can resort to AD products to carry out voltage regulation and power flow control. They can accomplish these functions by foreseeing production/consumption plans for a target period and rearranging them if they do not comply with network constraints. They also acquire the possibility of requesting a production/consumption re-profiling during the target period, to be used as back up. Two services for DSO and TSO have been envisaged. o



Scheduled Re-profiling for Voltage Regulation and Power Flow control – Slow (SRP-VRPFSL). DSO or TSO checks the production/consumption plans for a certain period (day, week, month, longer) verifying the compliance with network security constraints. If violations are deemed to occur (e.g. the voltage in some points of the network or power flow in some line exceed the limits) the plan is rearranged until it complies with the network operational limits. For the rearrangement, AD products can be used. This is a SRP AD product: aggregators have an obligation to deliver the specified power re-profiling shape during the specified delivery period. This service will be procured with timings c. to e. (day-ahead or longer).



o



Conditional Re-profiling for Voltage Regulation and Power Flow control – Fast (CRP-VRPFFT). The actual daily production/consumption profile poses different problems; due to forecast errors, power imbalance or participants’ non-compliant behaviour with the commitment, some constraints could be violated. In this case DSO or TSO must recover the situation, possibly activating ready AD products. This can be seen as a CRP AD product, as the power delivery may have to be “triggered” by DSO or TSO. The buyer has the option to call for the re-profiling to be delivered by aggregators; standing/option fee in the price structure has to be envisaged. This service will be procured with timings b. to e. (hour-ahead or longer), and activated with timings a. (real time).



D.3.2.1



Scheduled Re-Profiling for Voltage Regulation and Power Flow Control (slow) SRP-VRPF-SL



Name of service



Scheduled re-profiling for voltage regulation and power flow control (slow) – (SRP)



Requester



DSO or TSO



Supplier



Aggregator



Service ID



SRP-VRPF-SL



Other actors involved



Consumers, Markets, TSO or DSO



Service negotiation gate closure



Lead time before the product is delivered: Hour(s) before the delivery, or longer.



Availability interval



Time interval over which the service may be activated Tser : N.A. (as this is a SRP service)



Minimum volume



Minimum volume: DSO or TSO may specify the minimum volume of to be associated with the service for it to be useful
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-



(MW/MVAr over time)



Service volume: power (MW and/or MVAr) to be delivered by aggregator, po Vser



-



Activation time, Tact: N.A. (as it is a SRP service).



-



Service deployment duration, Tdur: Hours or all day long, depending on the foreseen duration of network constraint violation.



-



Deployment ramping and ending limitation range, Rlim , Rlim (MW and or MVAr/minute): DSO or TSO specifies on a case-by-case basis the deployment and ending ramping limitation range (MW/min) by means of Distribution Management system (DMS) or Energy Management Systems (EMS) tools (state estimation, dynamic simulations, etc.). For instance, the ramp should be smooth enough to limit voltage transients.



-



Shape of the service delivery envelope (minimum and maximum, MW and/or MVAr): DSO or TSO specifies upper and lower bounds on the service case by case through DMS or EMS tools (state estimation, load flow simulations, etc.). For example, upper and lower limit are determined by network operation constraints such as capacity of lines, voltage profiles.



dep



end



Price structure (€, €/MW, €/MWh)



Deployment energy price (€/MWh, €/MVArh).



Locational information (connection node, substation (TSO level),etc)



DSO: Load area (section of low voltage line, low voltage line, MV/LV substation, …). Each area is composed of several customers whose loads are equivalent from the electrical point of view; the belonging Area must be communicated to the Aggregators31 and updated on every change.



This is the price to be paid the provider by the buyer of the product for the associated energy delivery; it is determined by market and contracts.



TSO: Aggregation of load areas (Macro Load Area – TSO-zone) Other conditions



Charge/penalty for non-delivery.



Use case description Context: DSO or TSO (requester) checks the consumption/production plans for a certain timeframe (days, weeks, months, …) verifying with its tools (DMS or EMS) the compliance with network operation constraints.



Service requester Action DSO



TSO



1.



DSO or TSO (requester) checks the consumption/production plans for a certain timeframe (days, weeks, months, …) verifying with its tools (DMS or EMS) the compliance with network operation constraints.



2.



If violations are detected to occur, e.g. the power flowing at certain section of the network is too high or voltages exceed limits, DSO or TSO checks for the possible solutions, such as: • Technical, e.g. modification of topology. • AD. • Alternative solutions provided by market, e.g. change of DER set point.



31



The belonging Area could also be communicated to each consumer, depending on the regulation in the country.
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Revision 1.0 If AD solution is considered viable (with regard to cost effectiveness and network management) TSO informs DSOs, with the aim of prescreening, possible cooperation to ask only once for the same service/product and coordination to manage possible conflicts (e.g. opposite requests in the same network area).



3.



If AD solution is considered viable (with regard to cost effectiveness and network management) DSO informs TSO, with the aim of prescreening, possible cooperation to ask only once for the same service/product and coordination to manage possible conflicts (e.g. opposite requests in the same network area).



4.



The requester (DSO or TSO) goes to market (day-ahead, long term, …) with its offer to buy a SRP service (volume, price). It can also make a tender to establish bilateral contracts.



5.



Aggregators prepare their offers for the market.



6.



Aggregators send their offers to the market.



7.



Other market participants (e.g. producers) prepare their offers for the market.



8.



Other market participants send their offers to the market.



9.



At the gate closure, the market launches the matching process, and lists the operators with accepted offers.



10.



The market sends the results to the aggregators.



11.



The market sends the results to other market participants.



12.



The market sends the results (accepted offers and list of operators) to the requester (DSO or TSO), together with location information.



13.



The requester (DSO or TSO) verifies for its network the technical feasibility of the market solutions.



14.



If the verification is positive, DSO aggregates solution at the connection point with TSO.



If the verification is positive, TSO disaggregates the Macro Load Area solution at the DSOs’ distribution network in terms of load areas.



15.



DSO sends to TSO the aggregated solution for verification.



TSO sends to the DSOs the disaggregated Macro Load Area solutions for verification.



16.



TSO verifies the technical feasibility of the solution in the transmission network.



DSOs verify the technical feasibility of the solution in the distribution network.



17.



If TSO verification is positive, TSO sends an acceptance signal to DSO.



If DSOs verifications are positive, DSOs send acceptance signal to TSO.



18.



The doubled verified offer is validated and requester (DSO or TSO) notifies aggregators of its acceptance. This is the service negotiation gate closure.



19.



The aggregators send at due time their signal to the consumers through the Energy Box.



20.



The Energy Box controls the consumer appliances.



The above use case in which the DSO is the requester of the AD SRP service is shown on Figure 6 and will be considered as a SRP reference use case for the provision of AD services to regulated participants.
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Revision 1.0 sd SRP-VRP-SL (Scheduled Re-Profiling Voltage Regulation Power Flow Control Slow)



DSO



Market



Aggregator



(from Actors)



(from Actors)



Energy Box



TSO



Market participants



1.(detection of possible critical situation process)



The matching process could be launched in the defined Time frame (gate closure)



2.(determination solutions process) 3.send(AD informations)



Consumer (from Actors)



The process of the aggregation could be launched in the defined Time frame



4.request(offers to meet its needs) 5.make offers process()



6.send(offers submission)



7.make offers process()



8.send(offers submission) 9.matching process() 10.send(matching process results) 11.send(matching process results) 12.send(matching process results) 13.(checking technical feasibility process) 14.(aggregates DSO network at the TSO level process) 15.send(aggregation results)



17.send(acceptance)



16.(checking technical feasibility process)



18.send(acceptance ) 19.send(AD activation) 20.request(AD activation)



Context:DSO (requester) checks the consumption/production plans for a certain timeframe (days, weeks, months, ?) verifying with its tools (DMS (from Actors) (from Actors) or EMS) the compliance with network operation constraints.



Figure 6.
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SRP reference use case: Scheduled re-profiling for VRPF control (slow) for the DSO
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In case the result of the technical verification is negative, the use case description needs to be changed as follows:



Service requester Action DSO



TSO



1.



DSO or TSO (requester) checks the consumption/production plans for a certain timeframe (days, weeks, months, …) verifying with its tools (DMS or EMS) the compliance with network operation constraints.



2.



If violations are detected to occur, e.g. the power flowing at certain section of the network is too high or voltages exceed limits, DSO or TSO checks for the possible solutions, such as: • Technical, e.g. modification of topology. • AD. • Alternative solutions provided by market, e.g. change of DER set point.



3.



If AD solution is considered viable (with regard to cost effectiveness and network management) DSO informs TSO, with the aim of prescreening possible cooperation to ask only once for the same service/product and coordination to manage possible conflicts (e.g. opposite requests in the same network area).



4.



The requester (DSO or TSO) goes to market (day-ahead, long term, …) with its offer to buy a SRP service (volume, price). It can also make a tender to establish bilateral contracts.



5.



Aggregators prepare their offers for the market.



6.



Aggregators send their offers to the market.



7.



Other market participants (e.g. producers) prepare their offers for the market.



8.



Other market participants send their offers to the market.



9.



At the gate closure, the market launches the matching process, and lists the operators with accepted offers.



If AD solution is considered viable (with regard to cost effectiveness and network management) TSO informs DSOs, with the aim of prescreening, possible cooperation to ask only once for the same service/product and coordination to manage possible conflicts (e.g. opposite requests in the same network area).



10.



The market sends the results to the aggregator.



11.



The market sends the results to other market participants.



12.



The market sends the results (accepted offers and list of operators) to the requester (DSO or TSO), together with location information.



13.



The requester (DSO or TSO) verifies for its network the technical feasibility of the market solutions.
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Revision 1.0 If the DSO verification is positive, DSO aggregates the solution at the connection point with TSO. If the DSO verification is negative, the DSO calculates the flexibility curtailments and their network sensitivity matrix32 and aggregates the curtailed solution at the connection point with TSO.



If the TSO verification is positive, TSO disaggregates the Macro Load Area solution at the DSOs’ distribution network in terms of load areas. If the verification is negative, the TSO calculates the flexibility curtailments and their network sensitivity matrix33 and disaggregates the Macro Load Area curtailed solution at the DSOs’ distribution networks.



15.



DSO sends to TSO the aggregated solution for verification.



TSO sends to the DSOs the disaggregated Macro Load Area solutions for verification.



16.



TSO verifies the technical feasibility of the solution in the transmission network. If the verification is negative, the TSO calculates the flexibility curtailments and the transmission network sensitivity matrix.



DSOs verify the technical feasibility of the solution in the distribution network. If the verification is negative, the DSO calculates the flexibility curtailments and the distribution network sensitivity matrix.



17.



If TSO verification is negative, TSO sends a non-acceptance signal34 to DSO.



If DSOs verifications are negative, DSOs send a non-acceptance signal35 to TSO.



18.



DSO notifies the aggregators about the results of the TSO/DSO verification. The offers taking the curtailment into account are validated.



19.



DSO notifies the market about the results of the TSO’s /DSOs verification including the sensitivity matrix results.



20.



Market decides for additional exchange offers using the distribution and transmission sensitivity matrices. The additional offers are validated. At fixed time, the negotiation gate closure takes place.



21.



Additional exchanges (if any) are notified (by the market) to the aggregators.



22.



Additional exchanges (if any) are notified (by the market) to the TSO.



23.



Additional exchanges (if any) are notified (by the market) to DSOs.



24.



The aggregators send at due time their signal to the consumers through the Energy Box.



25.



The Energy Box controls the consumer appliances.



14.



32



Calculation of flexibility curtailment and network sensitivity matrix is included in the verification process. Calculation of flexibility curtailment and network sensitivity matrix is included in the verification process. 34 The non-acceptance signal includes the flexibility curtailment and the network sensitivity matrix. 35 The non-acceptance signal includes the flexibility curtailment and the network sensitivity matrix. 33
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D.3.2.2



Conditional Re-Profiling for Voltage Regulation and Power Flow control (fast) - CRPVRPF-FT



Name of service



Conditional re-profiling for voltage regulation and power flow control (fast) (CRP)



Requester



DSO or TSO



Supplier



Aggregator



Service ID



CRP-VRPF-FT



Other actors involved



Consumers, Markets, TSO or DSO



Service negotiation gate closure



Lead time before the product can be activated: Hour(s) before the delivery, or longer.



Availability interval



Time interval over which the service may be activated, Tser : Hours or all day long



Minimum volume



Minimum volume: DSO or TSO may specify the minimum volume of to be associated with the service for it to be useful



Requested/supplied power or power curve shape



-



Service volume: power (MW and/or MVAr) to be delivered by aggregator, po Vser



-



Activation time, Tact: 15-20 minutes



-



Service deployment duration, Tdur: To be qualified, AD has to be capable of granting a minimum duration (to be defined). Actual deployment duration is decided by DSO or TSO, either when the service is activated or with further orders during the deployment. It could be required to be equal to the settlement period (e.g. 15 min) or its multiples.



-



Deployment ramping and ending limitation range, Rlim , Rlim (MW and or MVAr/minute): DSO or TSO specifies on a case-by-case basis the deployment and ending ramping limitation range (MW/min) by means of DMS or EMS tools (state estimation, dynamic simulations, etc.). For instance, the ramp should be smooth enough to limit voltage transients.



-



Shape of the service delivery envelope (minimum and maximum, MW and/or MVAr): DSO or TSO specifies upper and lower bounds on the service case by case through DMS or EMS tools (state estimation, load flow simulations, etc.). For example, upper and lower limit are determined by network operation constraints such as capacity of lines, voltage profiles.



(MW/MVAr over time)



Price structure (€, €/MW, €/MWh)



dep



end



Standing fee (€) or Availability payment (€/MW), to be paid to the aggregator for making available callable re-profiling Deployment energy price (€/MWh, €/MVArh). This is the price to be paid the provider by the buyer of the product for the associated energy delivery; it is determined by market and contracts.
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Revision 1.0 Locational information (connection node, substation (TSO level),etc)



DSO: Load area (section of low voltage line, low voltage line, MV/LV substation, …). Each area is composed of several customers whose loads are equivalent from the electrical point of view; the belonging Area must be communicated to the Aggregators36 and updated on every change. TSO: Aggregation of load areas (Macro Load Area – TSO-zone)



Other conditions



The following conditions could be in force: -



Maximum number and frequency of calls across the availability interval, and/or over a longer interval.



-



Minimum time before the next call can be issued.



-



Charge/penalty for non-delivery.



Use case description Context: DSO or TSO (requester) identifies sections of the network, which for a certain period (days, weeks, months or longer), can be weak with respect to network operation constraints, e.g. power flow or voltage profiles are foreseen to be close to limits.



Service requester Action DSO



TSO



1.



DSO or TSO (requester) identifies sections of the network which, for a certain period (days, weeks, months or longer), can be weak with respect to network operation constraints, e.g. power flow or voltage profiles are foreseen to be close to limits.



2.



DSO or TSO checks for the possible solutions, such as: • Technical, e.g. modification of topology. • AD. • Alternative solutions provided by market, e.g. change of DER set point.



3.



If AD solution is considered viable (with regard to cost effectiveness and network management) DSO informs TSO, with the aim of prescreening, possible cooperation to ask only once for the same product/service and coordination to manage possible conflicts (e.g. opposite requests in the same network area).



4.



The requester (DSO or TSO) goes to market (day-ahead, long term, …) with its offer to buy a CRP service (volume, price). It can also make a tender to establish bilateral contracts.



5.



Aggregators prepare their offers for the market.



6.



Aggregators send their offers to market.



7.



Other market participants (e.g. producers) prepare their offers for the market.



8.



Other market participants send their offers to the market.



If AD solution is considered viable (with regard to cost effectiveness and network management) TSO informs DSOs, with the aim of prescreening, possible cooperation to ask only once for the same product/service and coordination to manage possible conflicts (e.g. opposite requests in the same network area).



36



The belonging Area could also be communicated to each consumer, depending on the regulation in the country.
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9.



At the gate closure, the market launches the matching process and determines the list of accepted offers.



10.



The market sends the results to other market participants.



11.



The market sends the results to the aggregator.



12.



The market sends the list of accepted offers to the requester (DSO or TSO), together with location information. This is the service negotiation gate closure. Aggregators take the obligation to activate the service at any time during the availability interval.



13.



DSO or TSO continuously checks network-operating state (in particular voltage profiles and power flow limit constraints).



14.



If constraints are violated, DSO or TSO verifies for its network the technical feasibility of the conditional AD products. DSO aggregates solution at the connection point with TSO.



TSO disaggregates the Macro Load Area solution at the DSOs’ distribution network in terms of load areas



16.



DSO sends to the TSO the aggregated solution for verification.



TSO sends to the DSOs the disaggregated Macro Load Area solutions for verification.



17.



TSO verifies the technical feasibility of the solution in the transmission network.



DSOs verify the technical feasibility of the solution in the distribution network.



18.



If TSO verification is positive, TSO sends an acceptance signal to the DSO.



If DSOs verifications are positive, DSOs send an acceptance signal to the TSO.



19.



The active demand product is validated and the requester (DSO or TSO) sends a signal to aggregators to activate the re-profiling.



20.



Aggregators activate the service within the specified activation time and with the specified volume, sending signal to the consumers through the Energy Box



21.



The Energy Box controls the consumer appliances.



15.



The above use case in which the DSO is the requester of the AD CRP service is shown on Figure 7 and will be considered as a CRP reference use case for the provision of AD services to regulated participants.
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Revision 1.0 sd CRP-VRP-FT (Conditional Re-Profiling for Voltage Regulation and Power Flow Control Fast)



DSO



Market



Aggregator



Energy Box



(from Actors)



(from Actors)



TSO



Market participants



Consumer (from Actors)



1.(detection critical situation process) The process of the aggregation could be launched in the defined Time frame



The matching process could be launched in the defined Time frame (gate closure)



2.(determination solutions process) 3.send(AD informations) 4.request(offers to meet its needs)



5.make offers process()



6.send(offers submission)



7.make offers process()



8.send(offers submission) 9.matching process() 10.send(matching process results) 11.send(matching process results) 12.send(matching process results) 13.(voltage and power flow checking) 14.(checking technical feasibility process) 15.(DSO launch technical plan process) 16.send(technical result) 17.(checking technical feaibility process) 18.send(acceptance) 19.send(acceptance AD)



20.request(AD activation) 21.request(AD activation )



(from Actors) : DSO identifies sections of the network which(from for a Actors) certain period (days, weeks, months or Context longer) can be weak with respect to network operation constraints, e.g. power flow or voltage profiles are foreseen to be close to limits.



Figure 7.
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CRP reference use case: Conditional re-profiling for VRPF control (fast) for the DSO
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In case of the result of the technical verification is negative, the use case description needs to be changed as follows. We assume that like this type of service need a fast response after the activation, we consider that, in case of the SO verification is negative, we don’t have enough time to have a second round in the market.



Service requester Action DSO



TSO



1.



DSO or TSO (requester) identifies sections of the network which, for a certain period (days, weeks, months or longer), can be weak with respect to network operation constraints, e.g. power flow or voltage profiles are foreseen to be close to limits.



2.



DSO or TSO checks for the possible solutions, such as: • Technical, e.g. modification of topology. • AD. • Alternative solutions provided by market, e.g. change of DER set point.



3.



If AD solution is considered viable (with regard to cost effectiveness and network management) DSO informs TSO, with the aim of prescreening, possible cooperation to ask only once for the same product/service and coordination to manage possible conflicts (e.g. opposite requests in the same network area).



4.



The requester (DSO or TSO) goes to market (day-ahead, long term, …) with its offer to buy a CRP service (volume, price). It can also make a tender to establish bilateral contracts.



5.



Aggregators prepare their offers for the market.



6.



Aggregators send their offers to market.



7.



Other market participants (e.g. producers) prepare their offers for the market.



8.



Other market participants send their offers to the market.



9.



At the gate closure, the market launches the matching process and determines the list of accepted offers.



If AD solution is considered viable (with regard to cost effectiveness and network management) TSO informs DSOs, with the aim of prescreening, possible cooperation to ask only once for the same product/service and coordination to manage possible conflicts (e.g. opposite requests in the same network area).



10.



The market sends the results to the aggregators.



11.



The market sends the results to other market participants.



12.



The market sends the list of accepted offers to the requester (DSO or TSO), together with location information. This is the service negotiation gate closure. Aggregators take the obligation to activate the service at any time during the availability interval.



13.



DSO or TSO continuously checks network-operating state (in particular voltage profiles and power flow limit constraints). If constraints are violated, DSO or TSO needs to activate the re-profiling.



14.



If constraints are violated, DSO or TSO verifies for its network the technical feasibility of the conditional AD products.
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If the DSO verification is positive, DSO aggregates solution at the connection point with TSO. If the verification is negative the DSO decides to search other possibilities among those offered by the market to complement the curtailed CRP product or to replace it.



If the TSO verification is positive, TSO disaggregates the Macro Load Area solution at the DSOs’ distribution network in terms of load areas. If the verification is negative the TSO decides to search other possibilities among those offered by the market to complement the curtailed CRP product or to replace it.



16.



DSO sends to the TSO the aggregated solution for verification.



TSO sends to the DSOs the disaggregated Macro Load Area solutions for verification.



17.



TSO verifies the technical feasibility of the solution in the transmission network.



DSOs verify the technical feasibility of the solution in the distribution network.



18.



If TSO verification is negative, TSO sends a non-acceptance signal to the DSO.



If DSOs verifications are negative, DSOs send a non-acceptance signal to the TSO.



19.



In this case, the service is fast, the requester (DSO or TSO) decides to search other possibilities among those offered by the market to complement the curtailed CRP product or to replace it.
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D.3.3. Bi-directional conditional re-profiling for tertiary reserve Tertiary reserves (for frequency control) are used as non-automatic action to restore adequate control margins, i.e. when generators work close to the upper or the lower bound of their regulating capabilities. Frequency control is under the responsibility of TSOs. However with the development of distributed generation on distribution networks and the evolution towards active distribution networks, DSOs will be involved, directly or indirectly, in the provision of services for this control. Tertiary service is based on a bi-directional conditional re-profiling product; it is referred to be used by TSO. CRP-2-TR. To keep the frequency at appropriate levels, active power reserves are needed to meet unplanned increases in demand or sudden losses of production. Some countries rely only on generators and possibly on pumped hydro power plants (for some or all services), while in other countries and/or for different services the loads (demand side management) can provide the service. Since the tertiary power reserve service can in principle be provided by both generators and loads, TSO can rely on an CRP AD product, as the power reserve may have to be activated whenever needed. This service will be procured with timings b. to e. (hour-ahead or longer) of Table 12, and activated with timings a. to b. (real time CRP-2-TR-FT to hour-ahead CRP-2-TR-SL) of the same table depending on the needs of the TSO.



D.3.3.1



Bi-directional Conditional Re-Profiling for Tertiary Reserve (fast & slow) – CRP-2TR (-FT and SL)



Name of service



Two-way conditional re-profiling for tertiary reserve (



Requester



TSO



Supplier



Aggregator



Service ID



CRP-2-TR-FT (Fast) CRP-2-TR-SL (Slow)



Other actors involved



Consumers, Markets, DSO



Service negotiation gate closure



Lead time before the product is delivered:



Availability interval



Minimum volume



-



Tertiary reserves are mostly procured through an organized market, and most TSO require bids are submitted day-ahead or at intra-day gate closure; one may assume gate closure is not less than one hour.



-



Other procurements are possible, such as monthly or annual markets, bilateral contracts, whose gate closure is obviously longer that the previous one.



Time interval over which the service may be activated, Tser -



One day (the target day for day-ahead markets); up to 24 hours-ahead (for intra-day markets).



-



The reserve can be called within the availability interval; the provision can extend beyond it.



Set as per TSO rules; for example, not less than +10 MW or –10 MW.
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Requested/supplied power or power curve shape



-



Product volume, Vser , power (MW) to be delivered by aggregator



(MW over time)



-



Activation time, Tact: o 15-20 minutes (fast) o one hour (slow)



-



Service deployment duration, Tdur: To be qualified, AD has to be capable of granting a minimum duration; some examples: o 2 hours(fast) o 8 hours (slow) Actual deployment duration Tdur is decided by TSO, either when the service is activated or with further orders during the deployment. It could be required to be equal to the settlement period (e.g. 15 min) or its multiples.



-



Price structure (€, €/MW, €/MWh)



dep



end



Deployment ramping and ending limitation range, Rlim , Rlim (MW/minute): set as per TSO rules; for example, not less than 10 MW (upwards or downwards) in 5 minutes.



Fee (€) or Availability payment (€/MW), likely to be paid to the aggregator for making available callable reserve. Deployment energy price (€/MWh), the price the aggregator is paid if the reserve is called upon. Prices can have different values depending on the sign of the available/called reserve.



Locational information (connection node, substation (TSO level), etc.)



Either a transmission network node or zone, as per TSO rules.



Other conditions



The following conditions could be in force: -



Maximum number and frequency of calls across the availability interval, and/or over a longer interval.



-



Minimum time before the next call can be issued.



-



Charge/penalty for non-delivery.



Use case description Context: the TSO has to acquire tertiary reserves in order to be able to restore adequate operational conditions for automatic frequency control. After the service negotiation gate closure, only in the case the service is slow (SL) it’s possible to have a second market round following a negative technical verification before activation.



Service requester Action TSO 1.



TSO has to acquire tertiary reserves in order to be able to restore adequate operational conditions for automatic frequency control.



2.



TSO checks for the possible solutions, such as: • AD. • Alternative solutions provided by market, e.g. change of DER set point.
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If AD solution is considered viable (with regard to cost effectiveness and network management) TSO informs DSOs, with the aim of pre-screening and coordination to manage possible conflicts (e.g. opposite requests in the same network area).



4.



TSO goes to the market (day-ahead, long term, …) with its offer to buy a CRP-2 service (volume, price). It can also make a tender to establish bilateral contracts.



6.



Aggregators prepare their offers for the market.



7.



Aggregators send their offers to the market.



8.



The other market participants (e.g. producers) start defining their offers to the market.



9.



The other market participants send their offer to the market.



10.



At the gate closure, the market launches the matching process, and determines the list of accepted offers.



11.



The market sends the results to the aggregator.



12.



The market sends the results to the other market participants.



13.



The market sends the market results to the TSO, together with location information. This is the service negotiation gate closure. Aggregators take the obligation to activate the service at any time during the availability interval.



14.



TSO continuously checks network-operating state.



15.



The TSO verifies for its network the technical feasibility of the market solutions.



16.



If the TSO verification is positive, TSO disaggregates the Macro Load Area solution at the DSOs’ distribution network in terms of load areas.



17.



TSO sends to the DSOs the disaggregated Macro Load Area solutions to DSOs for verification.



18.



DSOs verify the technical feasibility in the distribution network of the solution proposed by the TSO.



19.



If DSOs verifications are positive, DSOs send an acceptance signal to the TSO.



20.



TSO sends a signal to the Aggregators to activate the re-profiling.



21.



Aggregators activate the service within the specified activation time and with the specified volume, sending signal to the consumers through the Energy Box.



22.



The Energy Box controls the consumer appliances.
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Revision 1.0 In case the result of the technical verification is negative, the use case description needs to be changed as follows. We assumed that after the negotiation gate closure we can distinguish two possibilities, one for the Slow service (the aggregator has time to have a second round in the market) and the other for the Fast service (the aggregator does not have enough time to have a second round in the market).



Service requester Action TSO Slow (SL)



Fast (FT)



1.



TSO has to acquire tertiary reserves in order to be able to restore adequate operational conditions for automatic frequency control.



TSO has to acquire tertiary reserves in order to be able to restore adequate operational conditions for automatic frequency control.



2.



TSO checks for the possible solutions, such as: • AD. • Alternative solutions provided by market, e.g. change of DER set point.



TSO checks for the possible solutions, such as: • AD. • Alternative solutions provided by market, e.g. change of DER set point.



3.



If AD solution is considered viable (with regard to cost effectiveness and network management) TSO informs DSOs, with the aim of prescreening and coordination to manage possible conflicts (e.g. opposite requests in the same network area).



If AD solution is considered viable (with regard to cost effectiveness and network management) TSO informs DSOs, with the aim of prescreening and coordination to manage possible conflicts (e.g. opposite requests in the same network area).



4.



TSO goes to the market (day-ahead, long term, …) with its offer to buy a CRP-2 service (volume, price). It can also make a tender to establish bilateral contracts.



TSO goes to the market (day-ahead, long term, …) with its offer to buy a CRP-2 service (volume, price). It can also make a tender to establish bilateral contracts.



5.



Aggregators prepare their offers for the market.



Aggregators prepare their offers for the market.



6.



Aggregators send their offers to the market.



Aggregators send their offers to the market.



7.



The other market participants (e.g. producers) start defining their offers to the market.



The other market participants (e.g. producers) start defining their offers to the market.



8.



The other market participants send their offer to the market.



The other market participants send their offer to the market.



9.



At the gate closure, the market launches the matching process, and determines the list of accepted offers.



At the gate closure, the market launches the matching process, and determines the list of accepted offers.



10.



The market sends the results to the aggregator.



The market sends the results to the aggregator.



11.



The market sends the results to other market participants.



The market sends the results to other market participants.
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37 38



12.



The market sends the market results to the TSO, together with location information. This is the service negotiation gate closure. Aggregators take the obligation to activate the service at any time during the availability interval.



The market sends the market results to the TSO, together with location information. This is the service negotiation gate closure. Aggregators take the obligation to activate the service at any time during the availability interval.



13.



TSO continuously checks network-operating state.



TSO continuously checks network-operating state.



14.



If a problem is detected, the TSO verifies for its network the technical feasibility of the market solutions.



If a problem is detected, the TSO verifies for its network the technical feasibility of the market solutions.



15.



If the TSO verification is positive, TSO disaggregates the Macro Load Area solution at the DSOs’ distribution network in terms of load areas. If the TSO verification is negative, the TSO calculates the flexibility curtailments and their network sensitivity matrix37 and disaggregates the Macro Load Area curtailed solution at the DSOs’ distribution networks.



If the TSO verification is positive, TSO disaggregates the Macro Load Area solution at the DSOs’ distribution network in terms of load areas. If the verification is negative the TSO decides to search other possibilities among those offered by the market to complement the curtailed CRP-2 product or to replace it



16.



TSO sends to the DSOs the disaggregated Macro Load Area solutions for verification.



TSO sends to the DSOs the disaggregated Macro Load Area solutions for verification.



17.



DSOs verify the technical feasibility in the distribution network of the solution proposed by TSO.



DSOs verify the technical feasibility in the distribution network of the solution proposed by TSO.



18.



If DSOs verifications are negative, DSOs send a non-acceptance signal to the TSO including the calculation of the flexibility curtailments and their network sensitivity matrix38.



If DSOs verifications are negative, DSOs send a non-acceptance signal to the TSO.



19.



TSO notifies the aggregators about the results of the TSO/DSO verification. The offers taking the curtailment into account are validated. Aggregators take the obligation to activate the (possibly curtailed) service at any time during the availability interval.



In this case, the service is fast, the TSO decides to not use this re-profiling and search other possibility among those offered by the market.



20.



TSO notifies the market about the results of the TSO/DSOs verification including the sensitivity matrices results.



21.



Market decides for additional exchanges using the distribution and transmission network sensitivity matrices. The additional offers are validated. At fixed time, the negotiation gate closure takes place.



Calculation of flexibility curtailment and network sensitivity matrix is included in the verification process. Calculation of flexibility curtailment and network sensitivity matrix is included in the verification process.
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Additional exchanges (if any) are notified (by the market) to the aggregators. Aggregators take the obligation to activate the service at any time during the availability interval.



23.



Additional exchanges (if any) are notified (by the market) to the TSO.



24.



Additional exchanges (if any) are notified (by the market) to the DSO.



25.



TSO sends a signal to the aggregators to activate the re-profiling.



26.



Aggregators activate the service within the specified activation time and with the specified volume, sending signal to the consumers through the Energy Box.



27.



The Energy appliances.



Box



controls
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D.3.4. Smart load reduction Both the TSO and DSO might need some form of load reduction in a certain area of their networks when, due to maintenance issues or unexpected network failure, a load reduction is needed (here, direct control of interruptible loads as an emergency control mean is not considered). Nowadays if such a problem occurs, entire feeders are disconnected before imbalance becomes critical, or frequency relays are triggered when frequency drops under certain limits. AD could contribute to a smarter and more controllable load reduction by aggregators selling load reduction services to TSOs and DSOs. In the scope of load reduction services, three different services have been identified according to the AD product satisfying them and the time frame in which they should be activated. -



Scheduled Re-profiling for Load Reduction – Slow (SRP-LR-SL). With some advance with respect to real-time, the DSO or TSO knows that in some part of the network there will be a difficulty in delivering power to the load, due for example to planned maintenance. It can resort to AD services to appropriately reduce the demand.



-



Scheduled Re-profiling for Load Reduction – Fast (SRP-LR-FT). During the continuous monitoring of the network operation, some criticalities may emerge for conditions not foreseen the day before; the DSO or TSO can acquire (and activate) in real-time an AD load reduction to solve the criticality.



-



Conditional Re-profiling for Load reduction – Fast (CRP-LR-FT). With some advance with respect to real-time, the DSO or TSO knows that there is some probability to have difficulty in withstanding the peak demand; one possible solution is to acquire an AD CRP service, and to activate it to reduce the load in the case the feared difficulty does show up.
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D.3.4.1



Scheduled Re-Profiling Load Reduction (slow) - SRP-LR-SL



Name of service



Scheduled re-profiling for load reduction – slow (SRP)



Requester



DSO or TSO



Supplier



Aggregator



Service ID



SRP-LR- SL



Other actors involved



Consumers, Markets, TSO or DSO.



Service negotiation gate closure



Lead time before the product is delivered: -



This re-profiling is obtained through an organized market, which the providers are requested to participate to. Bids must be submitted dayahead or at intra-day gate closure, as per markets rules. One may assume gate closure is not less than 1 hour.



-



Other procurement are possible: monthly or annual markets, bilateral contracts, whose gate closure is obviously longer that the previous one.



Availability interval



Time interval over which the service may be activated Tser : N.A. (as this is a SRP service)



Minimum volume



Minimum volume: DSO or TSO may specify the minimum volume (MW and MVAr) of to be associated with the service for it to be useful.



Requested/supplied power or power curve shape (MW over time)



Service volume: power (MW and/or MVAr) to be delivered by aggregator, po Vser



-



Activation time, Tact: N.A. (as it is a SRP service).



-



Service deployment duration, Tdur: Hours or all day long, depending on the foreseen duration of difficulty in power delivery



-



Deployment ramping and ending limitation range, Rlim , Rlim



dep



end



(MW and



or MVAr/minute): as per DSO or TSO rules. For instance, the ramp should be smooth enough to limit voltage transients Price structure (€, €/MW, €/MWh)



Deployment energy price (€/MWh, €/MVAr). This is the price to be paid by the buyer to the provider of the product for the associated power delivery.



Locational information (connection node, substation (TSO level), etc.)



DSO: Load area



Other conditions



Charge/penalty for non-delivery.



TSO: Aggregation of load areas (Macro Load Area – TSO-zone)



Use case description Context: DSO or TSO (requester) knows it will have a problem to withstand the load in some part of the network (e.g. for planned maintenance works). Use cases: they are the same as the ones described for SRP-VRPF-SL service in Section D.3.2.1.
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D.3.4.2



Scheduled Re-Profiling Load Reduction (fast) - SRP-LR-FT



Name of service



Scheduled re-profiling for load reduction – fast (SRP)



Requester



DSO or TSO



Supplier



Aggregator



Service ID



SRP-LR- FT



Other actors involved



Consumers, Markets, TSO or DSO.



Service negotiation gate closure



Lead time before the product is delivered: market and contractual agreements are already set for this fast service. The market here is supposed to be different from an auction market (such as a non discriminatory auction where bids to sell and bids to buy are cleared all together at given times); different markets are, for example, continuous trading markets and over-the-counter markets.



Availability interval



Time interval over which the service may be activated Tser : N.A. (as this is a SRP service)



Minimum volume



Minimum volume: DSO or TSO may specify the minimum volume (MW and MVAr) of to be associated with the service for it to be useful.



Requested/supplied power or power curve shape (MW over time)



Service volume: power (MW and/or MVAr) to be delivered by aggregator, po Vser



-



Activation time, Tact: N.A. (as it is a SRP service).



-



Service deployment duration, Tdur: hours or all day long, depending on the foreseen duration of difficulty in power delivery



-



Deployment ramping and ending limitation range, Rlim , Rlim (MW and or MVAr/minute): as per DSO or TSO rules. For instance, the ramp should be smooth enough to limit voltage transients



dep



end



Price structure (€, €/MW, €/MWh)



Deployment energy price (€/MWh, €/MVAr). This is the price to be paid by the buyer to the provider of the product for the associated power delivery.



Locational information (connection node, substation (TSO level), etc.)



DSO: Load area



Other conditions



Charge/penalty for non-delivery.



TSO: Aggregation of load areas (Macro Load Area – TSO-zone)



Use case description Context: In real-time, DSO or TSO could need to modify the load in some part of the network. Here, the service is Fast, we assume there is no sufficient time to go through a second market round in case of a negative verification of the System Operators.
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Service requester DSO



TSO



1.



In real-time, DSO or TSO (requester) detects a criticality not foreseen the day before.



2.



If AD solution is considered viable (with regard to cost effectiveness and network management) DSO informs TSO, with the aim of prescreening, possible cooperation to ask only once for the same product/service and coordination to manage possible conflicts (e.g. opposite requests in the same network area).



3.



DSO or TSO goes to the market to buy what it needs.



4.



The market proposes the requester an offer to sell, including location information.



5.



The requester verifies for its network the technical feasibility of the market solution.



6.



If the verification is positive, DSO aggregates solution at the connection point with TSO.



If the verification is positive, TSO disaggregates the Macro Load Area solution at the DSOs distribution networks in terms of load areas



7.



DSO sends to the TSO the aggregated solution for verification.



TSO sends to the DSOs the disaggregated Macro Load Area solutions for verification.



8.



TSO verifies the technical feasibility of the solution in the transmission network.



DSOs verify the technical feasibility of the solution in the distribution network.



9.



If TSO verification is positive, TSO sends an acceptance signal to the DSO.



If DSOs verifications are positive, DSOs send acceptance signals to TSO.



If AD solution is considered viable (with regard to cost effectiveness and network management) TSO informs DSOs, with the aim of prescreening and possible cooperation to ask only once for the same product/service and coordination to manage possible conflicts (e.g. opposite requests in the same network area).



10.



The offer is validated and requester (DSO or TSO) notifies the aggregators of its acceptance. This is the service negotiation gate closure.



11.



Aggregators send at due time their signal to the consumers through the Energy Box.



12.



The Energy Box controls the consumer appliances.



In case of the result of the technical verification is negative, the use case description needs to be adapted. Action



Service requester DSO



TSO



1.



In real-time, DSO or TSO (requester) detects a criticality not foreseen the day before.



2.



If AD solution is considered viable (with regard to cost effectiveness and network management) DSO informs TSO, with the aim of prescreening, possible cooperation to ask only once for the same product /service and coordination to manage possible conflicts (e.g. opposite requests in the same network area).
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DSO or TSO goes to the market to buy what it deserves.



4.



The market proposes the requester an offer to sell, including location information.



5.



The requester (DSO or TSO) verifies for its network the technical feasibility of the market solution.



6.



If the verification is negative, the DSO calculates the flexibility curtailments and the distribution network sensitivity matrix39 and aggregates the solution at the connection point with TSO.



If the verification is negative, the TSO calculates the flexibility curtailments and the transmission network sensitivity matrix40 and disaggregates the Macro Load Area solution at the connection points with DSOs.



7.



DSO sends to the TSO the aggregated solution for verification.



TSO sends to the DSOs the disaggregated Macro Load Area solutions for verification in terms of load areas.



8.



TSO verifies the technical feasibility of the solution in the transmission network. If the verification is negative, the TSO calculates the flexibility curtailments and the transmission network sensitivity matrix.



DSOs verify the technical feasibility of the solution in the distribution network. If the verification is negative, the DSO calculates the flexibility curtailments and the distribution network sensitivity matrix.



9.



If TSO verification is negative, TSO sends a non-acceptance signal41 to the DSO.



If DSOs verifications are negative, DSOs send a non-acceptance signal42 to the TSO.



10.



DSO notifies the aggregators about the results of the TSO/DSO verification. The offers taking the curtailment into account are validated.



11.



DSO notifies the market about the results of the TSO’s /DSOs verification including the sensitivity matrix results.



12.



Market decides not to consider additional flexibility exchanges. This is the service negotiation gate closure.



13.



Aggregators send at due time their signal to the consumers through the Energy Box.



14.



The Energy Box controls the consumer appliances.



39



Calculation of flexibility curtailment and network sensitivity matrix is included in the verification process. Calculation of flexibility curtailment and network sensitivity matrix is included in the verification process. 41 The non-acceptance signal includes the flexibility curtailment and the network sensitivity matrix. 42 The non-acceptance signal includes the flexibility curtailment and the network sensitivity matrix. 40
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D.3.4.3



Conditional Re-Profiling Load Reduction (fast) - CRP-LR-FT



Name of service



Conditional re-profiling for voltage regulation and power flow control (fast) – (CRP)



Requester



DSO or TSO



Supplier



Aggregator



Service ID



CRP-LR-FT



Other actors involved



Consumers, Markets, TSO or DSO



Service negotiation gate closure



Lead time before the product can be activated: this re-profiling is obtained through organized markets, which the providers are requested to participate to. One may assume gate closure is not less than 1 hour. Other possible procurements mechanisms have a gate closure longer than the previous one.



Availability interval



Time interval over which the service may be activated, Tser : hours or all day long



Minimum volume



Minimum volume: DSO or TSO may specify the minimum volume of to be associated with the service for it to be useful



Requested/supplied power or power curve shape (MW/MVAr over time)



Service volume: power (MW and/or MVAr) to be delivered by aggregator, po Vser



-



Activation time, Tact: 15-20 minutes



-



Service deployment duration, Tdur: to be qualified, AD has to be capable of granting a minimum duration (to be defined) Actual deployment duration is decided by DSO or TSO, either when the service is activated or with further orders during the deployment. It could be required to be equal to the settlement period (e.g. 15 min) or its multiples.



-



dep



end



Deployment ramping and ending limitation range, Rlim , Rlim



(MW and



or MVAr/minute): as per DSO or TSO rules. For instance, the ramp should be smooth enough to limit voltage transients. Price structure (€, €/MW, €/MWh)



Standing fee (€) or Availability payment (€/MW), to be paid to the aggregator for making available callable Deployment energy price (€/MWh, €/MVArh). This is the price to be paid the provider by the buyer of the product for the associated energy delivery; it is determined by market and contracts.



Locational information (connection node, substation (TSO level),etc)



DSO: Load area (section of low voltage line, low voltage line, MV/LV substation, …). Each area is composed of several customers whose loads are equivalent from the electrical point of view; the belonging Area must be communicated to the Aggregators43 and updated on every change. TSO: Aggregation of load areas (Macro Load Area – TSO-zone)



43



The belonging Area could also be communicated to each consumer, depending on the regulation in the country.
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The following conditions could be in force: -



Maximum number and frequency of calls across the availability interval, and/or over a longer interval.



-



Minimum time before the next call can be issued.



-



Charge/penalty for non-delivery.



Use case description Context: DSO or TSO (requester) knows that in a particular area of its network there could be a difficulty in delivering the peak load power.



Action



Service requester DSO



TSO



1.



DSO or TSO (requester) knows that in a particular area of its network there could be a difficulty in delivering the peak load power.



2.



DSO or TSO checks for the possible solutions, such as: • Technical, e.g. modification of topology. • AD. • Alternative solutions provided by market, e.g. change of DER set point.



3.



If AD solution is considered viable (with regard to cost effectiveness and network management) DSO informs TSO, with the aim of prescreening, possible cooperation to ask only once for the same product/service and coordination to manage possible conflicts (e.g. opposite requests in the same network area).



4.



DSO or TSO goes to market (day-ahead, long term, …) with its offer to buy a CRP service (volume, price). It can also make a tender to establish bilateral contracts.



5.



Aggregators prepare their offers for the market.



6.



Aggregators send their offers to market.



7.



The other market participants (e.g. producers) start defining their offers for the market.



8.



The other market participants send their offer to the market.



9.



At the gate closure, the market launches the matching process and determines the list of accepted offers.



If AD solution is considered viable (with regard to cost effectiveness and network management) TSO informs DSOs, with the aim of prescreening, possible cooperation to ask only once for the same product/service and coordination to manage possible conflicts (e.g. opposite requests in the same network area).



10.



The market sends the results to the aggregator.



11.



The market sends the results to other market participants.



12.



The market sends the results to the requester (DSO or TSO), together with location information.



13.



The requester (DSO or TSO) verifies for its network the technical feasibility of the market solutions.



14.



The offer is validated and requester (DSO or TSO) notifies the aggregators of its acceptance. This is the service negotiation gate closure. Aggregators take the obligation to activate the service at any time during the availability interval.
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DSO or TSO continuously checks network-operating state (in particular voltage profiles and power flow limit constraints).



16.



If constraints are violated, DSO or TSO verifies for its network the technical feasibility of the conditional AD products.



17.



If the DSO verification is positive, DSO aggregates solution at the connection point with TSO.



If the TSO verification is positive, TSO disaggregates the Macro Load Area solution at the connection points with DSOs.



18.



DSO sends to the TSO the aggregated solution for verification.



TSO sends to the DSOs the disaggregated Macro Load Area solutions for verification in terms of load areas.



19.



TSO verifies the technical feasibility of the solution in the transmission network.



DSOs verify the technical feasibility of the solution in the distribution network.



20.



If TSO verification is positive, TSO sends an acceptance signal to the DSO.



If DSOs verifications are positive, DSOs send an acceptance signal to the TSO.



21.



The requester (DSO or TSO) sends signals to the aggregators to activate the re-profiling.



22.



Aggregators activate the service within the specified activation time and with the specified volume, sending signal to the consumers through the Energy Box.



23.



The Energy Box controls the consumer appliances.



In case the result of the technical verification is negative, the use case description needs to be adapted. We consider that, like this type of service need a fast response after the activation, we don’t have enough time to have a second round in the market, in case of SO negative verification.



Action



Service requester DSO



TSO



1.



DSO or TSO (requester) knows that in a particular area of its network there could be a difficulty in delivering the peak load power.



2.



DSO or TSO checks for the possible solutions, such as: • Technical, e.g. modification of topology. • AD. • Alternative solutions provided by market, e.g. change of DER set point.



3.



If AD solution is considered viable (with regard to cost effectiveness and network management) DSO informs TSO, with the aim of prescreening, possible cooperation to ask only once for the same product/service and coordination to manage possible conflicts (e.g. opposite requests in the same network area).



4.



DSO or TSO goes to market (day-ahead, long term, …) with its offer to buy a CRP service (volume, price). It can also make a tender to establish bilateral contracts.



5.



Aggregators prepare their offers for the market.
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Aggregators send their offers to market.



7.



The other market participants (e.g. producers) prepare their offers for the market.



8.



The other market participants send their offers to the market.



9.



At the gate closure, the market launches the matching process and determines the list of accepted offers.



10.



The market sends the results to the aggregator.



11.



The market sends the results to other market participants.



12.



The market sends the list of accepted offers to the requester (DSO or TSO), together with location information. This is the service negotiation gate closure. Aggregators take the obligation to activate the service at any time during the availability interval.



13.



DSO or TSO continuously checks the network operating state (in particular voltage profiles and power flow limit constraints).



14.



If constraints are violated, DSO or TSO verifies for its network the technical feasibility of the conditional AD products If the DSO verification is positive, DSO aggregates solution at the connection point with TSO. If the verification is negative the DSO decides to search other possibilities among those offered by the market to complement the curtailed CRP product or to replace it t.



If the TSO verification is positive, TSO disaggregates the Macro Load Area solution at the DSOs’ distribution networks in terms of load areas. If the verification is negative the TSO decides to search other possibilities among those offered by the market to complement the curtailed CRP product or to replace it.



15.



DSO sends to the TSO the aggregated solution for verification.



TSO sends to the DSOs the disaggregated Macro Load Area solutions for verification.



16.



TSO verifies the technical feasibility of the solution in the transmission network.



DSOs verify the technical feasibility of the solution in the distribution network.



17.



If TSO verification is negative, TSO sends a non-acceptance signal to DSO.



If DSOs verifications are negative, DSOs send a non-acceptance signal to TSO.



18.



In this case, the service is fast, the requester (DSO or TSO) decides to not use this re-profiling and search other possibility among those offered by the market.



D.4. Summary of AD services provided to DSOs and TSOs As a conclusion, Table 13 summarizes the 7 AD services for DSOs and TSOs that have been identified on the basis of their expectations and that have been described in detail in this Appendix.
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Revision 1.0 Table 13. List of AD services for regulated players (DSOs, TSOs) Player



Principal services



Type of AD Product



Scheduled Re-Profiling Load Reduction (slow): With some advance with respect to real-time, DSO or TSO knows that in some part of the network there will be a difficulty in delivering power to the load, due for example to



SRP



planned maintenance. It can resort to AD services to appropriately reduce the demand. Scheduled Re-Profiling Load Reduction (fast): During the continuous monitoring of the network operation, some criticalities may emerge for conditions not foreseen the day before; DSO or TSO can acquire (and



SRP



activate) in real-time an AD load reduction service to solve the criticality. Scheduled Re-Profiling for Voltage Regulation and Power Flow Control (slow): DSO or TSO checks the production/consumption plans for a certain period (day, week, month, or longer) verifying the compliance with network security constraints. If violations are deemed to occur the plan is rearranged until it complies with the network



SRP



DSO/TSO operational limits. For the rearrangement, AD products can be used. This service will be procured with day-ahead or longer timings. Conditional Re-Profiling Load Reduction (Fast): With some advance with respect to real-time, DSO or TSO knows that there is some probability to have difficulty in withstanding the peak demand; a possible solution is to



CRP



acquire an AD CRP service, and to activate it to reduce the load in the case the feared difficulty does show up. Conditional Re-Profiling for Voltage Regulation and Power Flow control (Fast): Due to forecast errors, to power imbalance or to participants’ non-compliant behaviour with the commitments, some constraints could be violated in the daily operation. In this case DSO or TSO must recover the situation, possibly by activating CRP AD products.



CRP



This service will be procured with hour ahead or longer timings, and activated in real time. Bi-directional Conditional Re-Profiling for Tertiary Reserve (Fast): To ensure load/generation balance, active power reserves are needed to meet unplanned increases in demand or losses of production. Some countries rely only on generators and possibly on pumped hydro power plants, while in other countries the loads (demand side management) can provide the service. Since the tertiary power



CRP-2



reserve service can in principle be provided by both generators and loads, the TSO can TSO



rely on CRP-2 AD products, as the power reserve may have to be activated whenever needed. This service will be procured with hour ahead or longer timings, and activated in real time depending on the needs of the TSO. Bi-directional Conditional Re-Profiling for Tertiary Reserve (Slow): Same as the previous one except that the service will be activated with an hour-ahead



CRP-2



timing depending on the needs of the TSO.
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D.5. Annex to Appendix D - An short introduction to Medium Voltage Control Center tools This section provides a short introduction to Distribution Management System (DMS) and other DSO tools that are used in Medium Voltage Control Center (MVCC). This is intended to help the understanding of Appendix D and more generally Deliverable D1.1 in some way. But the objective is not to be exhaustive nor to give a detailed description of such tools. NB: these tools will be studied in detail in another WP (WP3) in particular regarding the modifications and new functionalities that should be brought to enable and to use Active Demand. The MVCC contains a complete range of network control functions: basic and user functions for SCADA (Supervisory Control And Data Acquisition), for DMS (Distribution Management System), for NIS (Network Information System) and training functions for operating personnel. Modern control centres also include a training simulator for the control personnel to practice in unusual and emergency situations. The simulator environment includes a replica of the control system applications interacting with a set of simulation routines to faithfully simulate the dynamic behaviour of power systems components and their regulations and protections.



D.5.1. SCADA The Supervisory Control And Data Acquisition (SCADA) system is used for collecting information from the network to the control centre and for the remote control and supervision of various network devices. The databases of SCADA provide specific information and graphic overviews concerning HV/MV substations and the related equipment. SCADA does, however, not contain specific information concerning the MV or LV networks and their components. The main tasks of SCADA are event information management, network topology management, remote control of various devices, remote measurements, remote settings and reporting. The event data provides information from the status of IEDs (Intelligent Electronic Devices), fault indicators, switches and OLTCs (On-Load Tap Changers). The status of remote controlled switches is automatically updated in the SCADA system but the status of manually controlled equipment has to be manually updated. With the help of the remote setting feature the protection settings of the IEDs can be changed from the control centre. SCADA can also alert the control engineers in case of circuit overloads, network faults or device malfunctions [6]. The SCADA tool includes all the functions required for the supervision and control of an electricity power system. Their main target is to allow the signalisation, the measurements, the control and the monitoring. This includes the following types of functionalities: • Data acquisition, data processing, management of the operational databases. • Tests execution and monitoring of switching operations in the network. • Check and execute switching procedures in the network (in process and study mode). • Control of alarms and deviations of the power supply network from the normal state. • Record alarms and network situations. • Fault data acquisition before and after faults. • Topology analysis.



D.5.2. DMS The scope of the Distribution Management System (DMS) is to provide useful network operation support tools and a graphical overview of the whole controlled network to the network control engineers. The main difference with the SCADA system is that the DMS contains myriad analysis and support features, like for example:
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Planning and calculation tools. Topology management tools. Fault management tools.



DMS is based on the combined information from the network database and from the SCADA, supplying the network information system (NIS - see Subsection D.5.3). DMS, which is sometimes also referred to as Network Management System or Energy Management System, manages the collection, processing and presentation of the network data via the SCADA and other communicating devices such as RTUs (Remote Terminal Units) and data concentrators. Present DMS’s also use many databases such as network connectivity database with real time alarms, trouble call database, plant and circuit database, work management database, GIS (Geographic Information System) database, customer load database, etc. There are, however, many DMS suppliers and the content of the DMS varies from supplier to supplier. Generally, the aim of the DMS is to provide real time control of the network to the operator [5]. The system can, for example, be used for managing the field crews, configuration optimisation, planning maintenance outages and calculating fault currents, which can, furthermore, be used for checking the relay coordination. If any relay coordination violations should come out in the analysis, the relay settings can be reconfigured remotely from the control centre. In case of a fault, the DMS provides tools such as fault location algorithms and propositions of optimal switching sequence required for restoring the supply [5]. DMS tools can be classified into system analysis, system optimisation, system management and system control tools. System analysis tools, for the real-time and study mode, include the following types of functionalities: • Calculate the equivalent network at the TSO connection level. • Define the current topology of the network. • Provide a reasonable and complete estimation of the current network state based on a small number of real-time measurements, typified load profiles and the topological knowledge. • Detect the problems in the measurement and communication pieces of equipment. • Carry out the network contingency analysis. • Detect the critical situations. • Monitor the generation power connected in the network. • Forecast the system load, in particular taking into account the new load flexibilities. System management tools include the following types of functionalities: • Manage the detection, location, isolation, correction of faults and network restoration. • Facilitate the preparation and resolution of planned network outages. • Prepare a feasible solution for a given operation task in the distribution network in terms of: o Fault isolation (busbars, transformers, lines/ cables). o Restoration of network parts after a blackout or disturbance (feeder restoration). o Relief of overloads and of under or overvoltages. o Operational Planning. o Reconfiguration of the network to turn back to normal switching status. o Load reduction of transformers, substations. • Situation Awareness application. • Manage the switching procedures. System optimisation tools, for the real-time and study mode, include the following types of functionalities: • Calculate optimum control options and network configurations to: o Reduce network losses,
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• •



o Reduce operating costs, o Correct deviations from set points, o Solve the limit violations, o Eliminate the overloads in the network. Schedule and optimise the generation power connected in the network. Define the best schemes and load shedding procedures to restore the electricity supply after fault.



System control tools include the following types of functionalities: • Control, in a optimal way, the active and reactive power in the network using: o On-load tap changers, o Voltage regulators, o Capacitor banks o DG services, o AD services.



D.5.3. NIS The functional content of the Network Information System (NIS) does not have world wide accepted definition but all vendors have their own definitions based on cultural and historical evolution of the information systems. Often the integration degree of information systems also varies in a great extent. A typical DSO applies a NIS for planning and maintaining its distribution network. NIS is a graphically controlled system, which integrates network data with calculation functionalities for network planning, maintenance and statistical condition monitoring purposes. The most important objective of such a system is to find the optimum between technical and financial matters. The analysis tools include typical fault and power flow calculations. Calculations are typically performed in steady state with results presented in root mean square values and there might be an interface to provide network data for more accurate simulations. Reliability indices and figures can also be calculated. The network planning functionalities include network configuration planning, construction planning and investment planning. The long-term state of the network can be monitored with dedicated tools, which exploit the analysis tools. Planned topology changes can also be checked in beforehand. The condition of the network is also often managed with NIS. This includes monitoring the aging of the components and managing the maintenance and renovation actions. NIS is integrated with other systems to a high degree. In addition to network data and geographical information, calculation functionalities are included. The DMS enables the connection to SCADA, which is used to control the network equipment. NIS is also linked with other data systems like a customer information system and a material information system. NIS and DMS often share the same network database and functionalities for instance for network calculation. DMS is intended for control centre usage whereas NIS is generally used for off-line planning and data management purposes. The real-time high-level decision support system of DMS is based on SCADA information integrated with static network data from NIS, geographic information system (GIS) and customer information system. The SCADA system provides real-time data on primary substations and some remotecontrolled switches in the distribution network. The GIS provides background maps and coordinates data of each network object. The data from GIS is needed in load modelling, which is typically based on statistical load profiles constructed by the measurements via AMR (Automatic Meter Reading).



D.5.4. … and other DSO tools Besides the above-mentioned systems, the planning and operation of electricity distribution network
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Appendix E. Relationships between the players The relationships between the players for the provision of AD services have already been described in Section 2 of the Core Document and in Appendices C and D for AD services provided to deregulated players and regulated players respectively. However, these relationships raise some issues that need further explanations and/or detailed investigations. In this appendix, the relationships between certain types of players are discussed in more detail with respect to the issues or possible difficulties that were identified and that may need special care or the development of appropriate solutions. The relationships between the players are an important part of the technical and commercial architectures that need to be defined and studied in detail to ensure an efficient and reliable functioning of the markets, as well as a efficient and secure operation of the electric power system. More specifically: - The relationships between the deregulated and the regulated players (i.e. the DSOs/TSOs) are discussed in Section E.1, - The relationships between the DSO and the TSO are presented in Section E.2, - A summary of the relationships implying the DSOs and the TSOs is given in Section E.3. - Finally Section E.4 describes the special case of the relationships between the retailers, the aggregators, the BRPs and the TSOs with respect to possible issues raised by the balancing mechanism and balancing settlement. The particular issue of the relationships between the retailers and the aggregators is addressed in this context. Note that some conclusions of the discussions reported here have already been reported in a condensed way in Appendices C and D. They are also given in Section 2 of the core document.



E.1. Relationship between deregulated players and DSOs/TSOs Several relationships and information exchanges are needed between deregulated players (mainly aggregators as it will appear below) and DSOs/TSOs in order to manage the following issues: -



Purchase of AD services to aggregators: as analysed in other sections or appendices of this Deliverable D1.1, DSOs and TSOs might acquire AD products in order to fulfil their needs. This service purchasing requires certain information flows for the negotiation: e.g. agreeing the product to buy, at what price, etc.



-



Technical validation of AD actions: as AD actions may affect the power flows and voltages on network lines and nodes, there might be some cases where network constraint violations occur. In order to avoid these network constraints violations, DSOs and TSOs should assess the impact of the AD action to be taken by aggregators and take appropriate measures when these actions cause a problem.



-



Energy payback effect management: when the control actions on the consumer devices are released at the end of the service delivery, the consumption may be subject to sudden and sometimes important modifications (e.g. sudden increases). DSOs and TSOs will have to ensure that the payback effect does not cause problems in the distribution or transmission networks.



-



Topology information sharing: There are mainly two reasons for the DSOs and TSOs to provide aggregators with network topology related information:
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-



o



some of the services provided by AD are topology-dependent, i.e. they are needed at given network locations,



o



for the purpose of the technical validation the aggregators must inform DSOs/TSOs about the location in the network where the control action will take place.



End consumer and aggregator response monitoring: depending on the method used metering data or data measured on the grids may be used to monitor and assess the delivery of the service by the aggregator or the consumer’s response to the aggregator’s request (see Section 3 of the core document or Appendix F). As in most countries the DSOs manage the metering equipment at the consumer level on the one hand and the DSOs and TSOs have access to data measured at the different substation levels on the other hand, they may be involved in the monitoring or performance assessment process in one way or another.



The following subsections present different alternatives to solve the above-described issues. Finally, as it is usual in conventional electric power systems the buyer of an AD service should also inform the TSO about its position if it changes due to the purchase of the AD service. Some aspects of this issue will be further discussed in Section E.4.



E.1.1. Commercial relationship between aggregators and TSOs/DSOs Pure commercial relationships deal with the purchase of AD services by the TSO or the DSO to the aggregator. The commercial relationship between the TSO/DSO and the aggregator is defined by the characteristics of the products that the aggregator can offer the TSO/DSO in order to fulfil some of its stakes. These are described in detail in Appendix D, where these services are described in terms of negotiation gate closure, service activation time, service deployment time, starting and ending ramps, volume to be deployed and contracting possibilities. Contrary to the transmission networks, nowadays the active operation of distribution networks is very limited. Distribution networks were traditionally passive and they are still planned so they can supply all the clients connected to them even in the worst-case scenarios. As DG units are being installed and with the possibility of managing the end loads the distribution grid will also become an active grid where DSOs will have to operate them in a more dynamic way. Anyway, the commercial relationship between the DSOs and aggregators will be used in order to purchase services that will improve the operation capabilities of DSOs and optimise the development and the investments on the distribution networks. Markets for purchasing AD services Since TSOs/DSOs are regulated players, the way of purchasing the services they need must be transparent and open so that all the players can participate with some fixed conditions set by the regulatory framework. Currently, there exist different kinds of markets for trading services for TSOs. These market structures vary depending on the country but in fact there already exists market mechanisms for energy trading, reserves acquisition, energy balancing and contingency resolution that could be adapted if needed so that active demand can also participate. At the distribution system level there are no such markets for trading products for DSO services. So it can be considered that new innovative solutions should be investigated in order for the DSOs to take advantage of the products that AD can provide. In the case of the DSOs, most services will be topology-dependent and sometimes very local. As a consequence the future existence of specific organised and permanent market places for AD services to DSOs may be questionable. Of course
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Revision 1.0 this will depend on the size of the DSO and on the frequency of AD service purchases by the DSO. However it is more likely that these services will be traded by call for tenders and bilateral agreements between the DSO on one side and the aggregators and other deregulated players able to provide the service on the network on the other side. In any case, if markets for AD services to DSOs are implemented, they might be similar to the ones existing for the TSOs but at distribution network level. These market issues will be studied in detail in WP5 where the need to develop new market mechanisms and structures will be considered.



E.1.2. Technical validation of AD actions The actions performed by aggregators through the management of their consumer’s portfolio causes an impact on the power flows and voltages on the lines and other network equipment. There might be some cases where network constraint violations occur. In order to avoid these network constraints violations, DSOs and TSOs should assess the impact of the AD actions to be taken by aggregators and take appropriate measures when these actions cause a problem. This is a situation similar to the one that nowadays TSOs face in the transmission networks. Currently TSOs verify at certain times that the power transactions agreed in the electricity markets (open markets, bilateral contracts etc) comply with the network constraints and otherwise facilitate the way to avoid such constraint violation. In this respect AD could play a role similar to generation and large industrial consumption in the transmission network. But the verification of the impact of active demand in distributions network is a new issue to be addressed. It is clear that the DSO/TSO tools need to be adapted to carry this technical validation. However, in the future, the frequent implementation of similar AD actions will facilitate the validation process by DSO and TSO (possibility by refering to actions already implemented several times in the past). Up to a certain extent, if some AD actions are systematically implemented, they will be directly anticipated by DSO and TSO. E.1.2.1



Discussion on the need for technical validation of AD actions



The need, usefulness and/or feasibility of carrying out the above technical validation of AD actions have been extensively discussed in the project. Different factors may have to be taken into account. In this subsection, such factors are discussed along with possible alternatives solutions. Current situation Whereas on the consumer’s side, when a consumer applies for connection to the grid at the DSO, the consumer comes to an agreement with the DSO regarding consumption based on the consumer's equipment, heating, cooling, etc. If the consumer has got generation of its own the consumer needs a separate agreement with the DSO regarding this. In some cases this may implicate certain cost for the consumer for network redesign depending on generation capacity but most likely not regarding household PV, etc. When these agreements are made the DSO has to provide a network that will be able to cope with each consumer's consumption and generation. If these conditions are met, the activities of an aggregator should not be able to increase each consumer's consumption or generation above what is agreed between the DSO and the consumer. On the contrary, AD activities will often lower the consumption. In this configuration, if all consumer's generation capacity is fed out into the network, it will be the DSO's responsibility to provide a network to withstand this, because this is contracted with the consumers and the consumers may even have paid for it.
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Revision 1.0 So, at this moment it is the responsibility of the DSO and TSO to upgrade their networks in order to host the maximum demand capacity or set connection limits to end consumers in order to ensure that they don’t cause problems in the network. These limits and connections conditions imposed to consumers may lead to create barriers against the development of Active Demand because they will have to be chosen based on the worst case conditions which will maybe happen very seldom. Or on the contrary this may lead to high network investments able again to face worst case conditions which happen very seldom but the cost of which will be supported by all the consumers. Factors affecting the needs for the technical validation Level of AD development: At the initial steps of active demand deployment it will probably not be needed any technical verification, because AD will not have an appreciable impact on DSO’s/TSO’s networks. The network operators will ensure that their networks will be able to host any active resource connected to them, or they will put limits on those resources where they cannot ensure secure operation. But, as more active resources are connected to the network and in a future with high deployment of active demand solutions, it could be reasonable to think that limitations set by TSOs/DSOs will create barriers to the development of AD and will have to be removed. Then the impact of AD on the grid will probably increase. In this case, verification of active demand actions could be needed. Demand reduction: another issue is the case when demand side control actions imply only consumption reductions; this case is often less problematic than consumption increasing control actions (provided DG penetration is not high in the area). This is because reducing load would normally lead to less current, less losses and less network usage with less chances of causing problems (except maybe over-voltages in some conditions). Therefore in most cases of load reductions the technical validation processes might not be so critical. Anyway, if a technical validation mechanism is adopted, it may be worth to also validate load reduction actions. Amount of power involved in AD action: another thing to consider is that depending on the amount of power involved in the AD action it may not be worth to validate it by the DSO/TSO: indeed if the power involved is small, it may not have any appreciable impact on DSO’s/TSO’s networks. The DSO/TSO could then set a power limit, such that if the AD action is under that limit it needs no technical validation. Voltage control systems: another important topic to consider when assessing the real need of the technical validation is how will the Voltage Control System evolve for the distribution network. Probably in the future active grids, the load control together with the generation set-point control will be part of integrated Voltage Control Systems, along with conventional voltage control systems. So, both load reduction and load increase could be of some importance for DSO and thus will need to be validated. Regulation and system security: depending on the regulatory frameworks, the TSO often has the responsibility to ensure the security of the overall power system operation. AD service can contribute to the secure and safe system operation. Therefore in the case the TSO buys a service proposed by an aggregator in order to secure the system operation, the TSO’s request may take precedence over other market actors and in particular over the DSOs. As a consequence, in general the DSO cannot prevent the TSO from taking action if it is in the interest of the national power system. In such a situation, since the TSO has ordered the AD activity the TSO has to take the full responsibility for any consequences and financial compensations to affected parties, such as for instance BRPs. In some countries, the contacts between TSOs and DSOs are quite limited and mostly carried out by operational computer systems. The TSO, being the system operator, can take any action required



Copyright ADDRESS Consortium



page 125 of 287



ADDRESS Technical and Commercial Conceptual Architectures - Appendices ADD-WP1-T1.5-DEL-EDF-D1.1-Technical_and_Commercial_Architectures-Appendices



Revision 1.0 for the safe and secure operation of the power system and the other players including the DSOs have to conform to this situation. Apart from this, both the TSOs and DSOs may carry out any activities they deem suitable as long as they do not break entered agreements or commitments with the other power system players. In general this means the TSO may purchase AD services without asking permission to the DSOs and the DSOs may purchase AD services without asking permission from the TSO. Once again there may be exceptions but these latter are more or less related to "emergency" situations. Prequalification of the aggregators: In some countries, currently, the TSO/DSO has to pre-qualify each market participant in order for them to participate in the different markets, auctions and bidding processes. This pre-qualification is to verify that each market participant has the correct equipment that complies with the existing standards for communication of data, service reliability/predictability, company trustworthiness, financial credibility, etc. In a similar way, it can be envisaged that aggregators will have to pass a pre-qualification process in order to be validated and accepted by the TSO/DSO. It can also be envisaged that the pre-qualification will imply conditions and limits such that when this pre-qualification of the aggregator is made there will not be any need for the TSOs or DSOs to validate beforehand each AD action. Conclusions It can be concluded that depending on country specific regulations, electricity sector characteristics, AD penetration degree, amount of AD power being controlled and the characteristics of the AD service, technical validation processes could be simplified or removed. This topic will be further discussed and studied in another WP of the ADDRESS project, WP3, which deals with developments for the DSO and TSO and the grid operation. In this Deliverable the most general case is considered where technical validation processes are performed by TSOs and DSOs. Even if as discussed above it could happen that for certain AD actions and at the beginning of AD deployment these technical validation processes might not be needed. Therefore, the following sections consider the most general case where both DSOs and TSOs validate AD services. In any case, the specific implementation of AD services will have to adapt to the specific regulatory frameworks, so some of the relationships presented below might not be needed. E.1.2.2



Pre-validation



Having a too rigorous verification phase, with too many transactions, may be seen as a barrier against AD development, especially when AD power capacity is not that relevant and if the DSO makes some kind of pre-qualification as explained before. In this context and in order to simplify the verification procedure, it could be useful that network operators declare some upper and/or lower bounds, including (or not) the energy payback effect to whom aggregators may refer to have a sort of pre-validation. For the case of DSOs, it will depend on the area where the service is being requested. For example if the amount of distributed generation is high, a reduction in the load may have a significant impact on the network. While typically, an increase in load always needs to be studied. A way to reduce transactions and to make validation phase faster could be that DSO/TSO (or a third
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Revision 1.0 regulated actor, taking however inputs from DSO/TSO) implements and maintains an accessible information system dedicated to verification phase, where network operators set the maximum and minimum allowed re-profiling at any load area for a specified period. This information system should be accessible to aggregators and also to the other market participants in order to make them aware of the bounds of the volume signal they can send to the market and therefore to help them to build their offers. Aggregators, in turn, could upload the data of the expected re–profiling receiving in return a partial validation (in this case the relative re-profiling is “booked”) or a reject. The opportunity of this pre verification phase has to be evaluated with respect to costs and benefits. E.1.2.3



Technical validation of AD solutions by TSOs



In the case an aggregator has contracted a given service with a given player (DSO, TSO, BRP, retailer, etc.), the TSO should be informed about the actions it is going to perform. This information should include the location affected by the control action. The TSO will then verify the feasibility of the actions to be performed by the aggregator and can reject them totally or partially when network constraints are violated. The approach for the technical verification may be similar or even integrated into the procedures currently carried out by the TSOs for the technical validation of electricity transactions in conventional systems. That is, with certain time limits (day-ahead, hour-ahead, etc.) the TSO is informed about all the power injections and consumption in the transmission network for the next time periods (the following day, the following hour, etc.). With this information, the TSO performs the corresponding processes (based on power flow calculations) in order to ensure that no technical constraint is violated. In case a certain violation occurs, the TSO has his own procedures to reject some of the power injections or consumptions and to reschedule them if needed. Four different approaches may be considered according to the player that interfaces with the TSO for the technical validation of the AD actions. -



The first approach allows that any aggregator receiving the commitment by the service buyer interfaces with TSO that aggregates the situation inside the transmission network.



-



The second approach gives instead to the service buyer the commitment to aggregate the control actions contracted with the different aggregators and to deliver the aggregated situation to TSO for verification.



-



In case the AD transactions are made in a pool like open market, the market operator could be responsible for sending the market results information to the TSO for validation.



-



Finally, a fourth approach is the one in which the DSO is in charge of aggregating the AD actions at distribution level and sends this information to the TSO for validation. This fourth approach is the one that has been chosen in ADDRESS for AD services provided to deregulated players since it appears as the simplest one. The DSO receives the information to carry out its own validation (see below) and then sends the TSO information about AD actions aggregated at the distribution level. In any case, the TSO needs this kind of information for the validation purpose. This approach has thus been used in Section 2 of the core document and in Appendix C to build the use cases corresponding to the provision of AD services to deregulated players.



In order to process an AD product with regard to transmission network operation constraints, the minimum set of information the TSO needs are: -



The transmission network nodes (e.g. the HV/MV substation) the product applies to.
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At any of these nodes, the power capacity over time: the actual profile for a SRP, the upper bound for a CRP.



As mentioned above, the last (4th) approach will be considered in the project and further investigated in WP3. Anyway, this could be adapted to the different regulatory frameworks and markets structures tat could be in place in the different countries. TSOs are in charge of maintaining the network infrastructure. Since they are regulated players they will have a well-defined set of rules to do this while reducing the network problems that cause possible technical restrictions for AD deployment E.1.2.4



Technical validation of AD solutions by DSOs



The DSO is in charge of operating and maintaining the distribution network. When an aggregator acting in the DSO’s grid makes a contract to perform some AD action, the DSO should be informed so that it can perform the corresponding verifications in order to maintain the electricity supply under acceptable conditions. This technical verification process will mainly consist in performing load flow calculations in the distribution network taking into account the consumption increase or decrease communicated by the aggregator and associated to certain network locations. After executing the calculation process, the DSO will verify that all the network constraints are met, that is, power flows and voltage profiles in the distribution lines and nodes are within admissible limits. If this is not the case, the DSO will discard or put limits in the power modifications planned by the aggregator. In the case of the DSO, currently there is generally no such kind of dynamic validation of the power flows and voltages, so that the deployment of AD could require the development of new procedures for the DSO in order to perform the technical validation of the AD actions made by aggregators. The approaches introduced in the previous section related to technical validation of AD services by TSO may be similar in case of DSO technical validation: -



The first approach allows that any aggregator retained in the market merit order list, and thus notified by the buyer to deliver the service, interfaces with the DSO in order to obtain validation. Since aggregators fulfilling any single service request may be more than one (e.g. the delivering of a specific power re-profiling may be the sum of the actions of several aggregators having consumers in the same area), DSO will aggregate on its own the different control actions of all aggregators in order to perform power flow and voltage profile verifications. This is the approach chosen in ADDRESS for AD services provided to deregulated players because again this appears as the simplest solution. Indeed the aggregator is the player who will know which consumers will be involved in an AD action and who will be able most easily to link the AD action it is planning to perform with the topological information. This approach has thus been used in Section 2 of the core document and in Appendix C to build the use cases corresponding to the provision of AD services to deregulated players.



-



The second approach gives instead to the service buyer the commitment to aggregate the AD actions contracted with the different aggregators that should include topology information and to deliver the aggregated situation to DSO for verification.



-



In case the AD transactions are made in a pool like open market, the market operator could be responsible for sending the market results information to the DSO for validation.



Network operation constraints change over time at any MV and LV section, as active and reactive power flow is continuously variable. This implies that the DSO needs at least the following information on any consumer delivering AD services: -



The distribution network location the product applies to.



-



At any affected node, the power capacity over time: the actual profile for a SRP, the upper
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Revision 1.0 bound for a CRP together with a clear definition of the reference pattern with respect to which it is calculated. As mentioned above the first approach will be considered, namely the one in which the aggregator is the player who sends AD information to the DSO for its validation. Like for the TSO, DSOs are in charge of maintaining their network infrastructure. Since they are regulated players they will have a well-defined set of rules to do this while reducing the network problems that cause possible technical restrictions for AD deployment. E.1.2.5



Information needed for technical validation



This subsection presents the information content to be communicated to DSOs and TSOs for the technical validation. For each network location to which the AD action applies a different curve will be supplied. The information to be validated will consist in the set of curves delivered associated each to a network location. According to the minimum activation time used in ADDRESS for AD service delivery (15-20 minutes), it seems that there should be enough time for the information communication and the execution of the validation processes. Table 14. Information needed for technical validation Control action identifier



Code for identifying the control action to which the validation information belongs.



Service supplier



Aggregator identifier: identifies uniquely the player executing the service.



Service buyer



Buyer identifier: identifies the actor buying the service from the aggregator.



Power curve of the service



Start time of service deployment. List of power-time values defining the shape of the service to be deployed. End time of the service deployment.



Power curve of the expected energy payback



Start time of expected energy payback.



Topological information



Load Areas, Macro Load Areas.



E.1.2.6



List of power-time values defining the shape of the expected payback. End time of the energy payback.



Minimum set of information of the verification response from DSO/TSO to aggregator and validation



At the end of the verification chain, DSO/TSO notifies the aggregator and the market participants with the following information: -



Curtailment factor44 for the AD product and for each Load Area, which accounts for both the curtailment factors of TSO and DSO (to the aggregators).



-



The network sensitivity matrix, which accounts for both sensitivity matrices of TSO and DSO (to all market participants).



44



The curtailment factor is a fraction of the proposed flexibility exchange (also: ratio of the allowed flexibility exchange to the proposed one). It will be a non-negative number not greather than one.
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AGGXXXXXXXXX



Product code



SRPXXXXXXXXX



Contribution X of X Curtailment factor45 (eventually for each Load Area and over time) Sensitivity matrix46



XXXXXXXXX



(in Load Areas and/or Macro Load Areas terms)



XXXXXXXXX



E.1.3. Management of the energy payback effect An important issue is the energy payback effect which can possibly appear when the control actions over consumption are released and the devices whose consumption was reduced start again to operate provoking an increase in the consumption that could cause problems on the TSO/DSO grid. Depending on the devices that are being controlled aggregators can use different techniques for reducing the payback effect. There are loads whose reconnection time can be shifted in time like washing machines, dishwashers etc. These can be reconnected consecutively in time in order to reduce the payback peak. Other loads such as those with thermal inertia like heating and cooling can be gradually recovered or even preheating and pre-cooling techniques can be used for reducing the payback effect. In the scope of the ADDRESS project the price signals sent by the aggregator to consumers could be designed in order to have a certain control over the payback. So, the aggregator may have a certain degree of control on the payback effect, even if it will not probably be possible to completely remove it. Three alternatives for managing the energy payback effect are discussed below: -



In case the TSO/DSO is the player requesting the service to the aggregator, it could fix at the time of requesting the service the maximum payback that is acceptable on the network.



-



Another possibility is that the TSO/DSO fixes beforehand a limit in the payback effect that could be dependant on the network node, time of the day and amount of AD power to be controlled. This way, the aggregator knows which is the payback limit and will offer its services accordingly.



-



Another approach could be that during technical verification process the TSO/DSO verifies if the



45 46



Confidential: transmitted only to the concerned aggregator Public: available to all market participants
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Revision 1.0 payback causes no problem. In this way the TSO/DSO must be informed not only about the power that will be controlled but also about the expected payback. The aggregator will be in charge to minimize its payback in order for its service to be accepted. Note that the first approach can be only applied when the buyer of the service is the TSO/DSO because other players do not know how to set the payback limit and generally they do not care about it either. So for procedure simplicity and homogeneity this could not be a good approach in the general case. The only player that can make accurate estimations on the expected payback is the aggregator. In fact, it normally knows the behaviour of its portfolio of consumers and should be able to estimate how will respond the end use loads belonging to its consumers.



E.1.4. Topology information sharing There are two main reasons why DSOs/TSOs have to provide aggregators with network location information so that they can map their consumers according to this location information. -



On one hand the purchase of services related to voltage and power flow control and smart load reduction are associated to topology information because the players will request these services at a given location in the network. Other services like balancing services, power reserve services, etc, don’t require locational information associated to them. When the TSO/DSO asks for some kind of load or generation control in those network nodes where there is an issue that it wants to solve, the locational information should allow the aggregator to know which of its consumers to manage in order to provide the requested service.



-



On the other hand when the aggregator sends to the TSO/DSO information on its AD actions for technical validation purposes, it must incorporate the location where those actions are going to be taken so that the DSO/TSO will be able to ensure that the network loading and voltages are within secure limits.



E.1.4.1



Topology information at transmission level



Different alternatives for providing topology information by the TSO are described below: -



one possibility could be to associate each consumer with a transmission “network node identifier” that identifies unambiguously the transmission node at which the consumer is connected. In fact, the DSOs are the players who know to which distribution network node each single consumer is connected and to which transmission network node each distribution node is connected. So they could provide the aggregators a way to access such information. For instance, this information could be published by the DSOs and updated according to changes in network topology.



-



As an extent of the previous approach, since DSOs have the knowledge of the network topology and location of each consumer in the network, they could divide each LV line into different Load Areas (A1, A2, …). Each Area is composed of several consumers whose loads are equivalent from the electrical point of view, and, the belonging Area must be communicated to each consumer and consequently to the aggregators and updated on every change. Further, DSOs group Load Areas into Macro (greater) Load Areas, tailored according to TSOs point of view (e.g. a HV/MV substation as a whole). Macro Load Areas must be communicated to the TSO and updated on every change. The group of Load Areas forming each Macro Load Area must be communicated to the aggregators and updated on every change. Thereby, with this approach, TSOs and aggregators can communicate using Macro Load Areas.



Copyright ADDRESS Consortium



page 131 of 287



ADDRESS Technical and Commercial Conceptual Architectures - Appendices ADD-WP1-T1.5-DEL-EDF-D1.1-Technical_and_Commercial_Architectures-Appendices



Revision 1.0 The approach making use of Load Areas and Macro Load Areas is the one that has been chosen in the ADDRESS project. It will be further investigated in WP3 and used in the other WPs. -



Other possibility could be to assign each consumer to a well-defined geographical area, such as a postal code, city or administrative region. In this case the aggregator does not need any supplementary information since it knows beforehand the geographical region to which each of its consumers belongs to. This is simpler in the sense that there is no need for updating the information. The work of mapping geographical areas to network nodes where the AD service is required could be carried out by the TSO that would need information from the DSO regarding how the geographical areas are connected to transmission network nodes. But, this possibility is also more inaccurate than the above mentioned ones. However it may be sufficient for the purposes we have here. This should (and will) be studied in more details in WP3.



E.1.4.2



Topology information at distribution level



As explained above, there must be a way so that aggregators know the link between each of the consumers in their portfolio and the area of the distribution network to which it belongs. The position level in the distribution network tree will need to be a compromise between too detailed information and useful information for the DSO operation purposes. DSOs are much more sensitive to the exact location of AD actions than TSOs and in some cases the exact location of each participating consumer may be necessary. The DSO knows to which network node each consumer is connected. So it will be responsible for facilitating that information to the aggregator. This could be done by an information system provided by the DSO to which aggregators have access and where consumers and distribution network areas are linked. However, this information can change over time even if frequent changes are not usual. So when the DSO updates network topology information, aggregators should be notified automatically or by another mean of such changes. The provision of full network topology information by the DSO is unlikely to happen due to security reasons. The following alternatives are presented for network location information sharing. -



An approach could be to link the consumers to the transformation substation to which they are connected. The transformation substation is hardly changed and it is directly linked with a distribution level in a radial network.



-



A similar approach is to use a code for each consumer. This way the DSO could send to the aggregators the list of consumers along with their codes in the network area where it requests the AD service. In this case the aggregator does not need to be notified about changes in topology since it will be the work of the DSO to map network areas to consumer identifiers.



-



Like for the TSO, another possibility could be to use some kind of geographical information. In this case the geographical information should be more specific since distribution network nodes cover smaller geographical areas. Information such as neighbourhoods or even street related data could be enough for this purpose.



-



Finally, a fourth alternative is to divide each LV line into different Load Areas composed of several consumers whose loads are equivalent from the electrical point of view. A Load Area may be extended to a LV feeder or to a MV/LV substation as a whole in case fragmentation into smaller areas brings no benefits. The same approach applies on the MV network which (like LV
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Revision 1.0 network) could be divided into several Load Areas grouping MV consumers. In such a case, if fragmentation brings no benefits to AD services exploitation, Load Area may be designed to encompass entire MV feeders or MV/LV substations. Aggregators, in turn, group consumers in their portfolio into the Load Areas settled by the DSO and are notified of any update. Any consumer may be unambiguously identified within the belonging load area by means of an unchangeable unique key (e.g. the point of delivery ID). In this case, aggregators might request as well some conditions to this grouping arrangement such as minimum capacity or number of consumers per group (otherwise AD services uncertainty might be such that aggregators might not be able to guarantee or provide the service). Aggregators might request as well some grouping stability in order to perform their analysis. Group fragmentation among aggregators is another issue, which might limit their capability to fulfil service requests. The approach making use of Load Areas is the one that has been chosen in the ADDRESS project. It will be further investigated in WP3 and used in the other WPs



E.1.5. End consumer and aggregator response monitoring Monitoring consumers’ response is a key issue both to aggregators and service buyers. Two levels of monitoring should be addressed: -



on one hand aggregators might need some kind of metering data about the consumers in their portfolio. This way, aggregators would assess the response of the consumers to their signals. Aggregators will be interested to assess the consumer’s response to be able to measure the quality of the given service, to reward the consumer accordingly and maybe even to adjust it with further requests if required to achieve the committed service objective.



-



On the other hand, the buyer of the service or the settlement authority might need measurement data that allow them to asses the deployment of the service by the aggregators. Actors who buy AD services from aggregators will just as well want to assess if the service they pay for is actually delivered at the requested volume. Penalties may be established in case aggregators don’t deliver the service with the requested parameters.



In the case the metering system belongs to or is operated by the DSO, a direct relationship could be needed between aggregators and DSOs in monitoring consumer response. And between buyers and DSO in order to monitor aggregators response.



E.2. Relationship between TSO and DSO Most of the issues in this section have already been discussed in Section E.1. They are briefly recalled here with a focus on the specificities of the relationship between the TSO and DSO. See Section E.1 for more details.



E.2.1. Relationships for service requesting From the commercial point of view, there might be some services such as voltage and reactive power control which might have a high topology dependency and for which the TSO could request first to the DSO that will decide the most efficient way of providing the services e.g. by using AD or by other means (condenser batteries, tap changers etc.). Then if AD services are required the DSO could request them to aggregators based in the specific location where they are needed through demand flexibility requests (since aggregators will probably not understand about reactive power or voltage control). The regulatory framework should establish in these cases which actor is responsible of doing what and which is the request hierarchy to follow when certain service is
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E.2.2. Technical validation relationship The relationship between DSO and TSO for the purpose of the technical validation of AD actions has already been discussed in Section E.1.2. It appears that depending on the technical relationships between aggregators, DSOs and TSOs different possibilities exist: -



a possible approach could be that the aggregator sends AD action information to be validated first to the DSO and secondly to the TSO. In this case there is no need of a direct relation between the TSO and DSO for the technical validation purposes. Then the aggregator should be provided with enough topology information to know how to aggregate its consumers both at distribution network level and at transmission network level.



-



Another possibility is that the information for technical validation is first sent by the aggregator to the DSO and then the DSO sends it aggregated at transmission network level to the TSO.



-



Finally, if the market structure is such that the service buyer is the player responsible to send the information, the above two possible alternatives can also be used. The difference is that in this case, the buyer will be the actor in charge of sending validation information to DSO and/or the TSO providing that it has enough locational information for aggregating demand actions.



E.2.3. Sharing of topology related information A relationship is needed if the geographical area or macro load area approaches are considered for specifying the area to which the AD actions affects the transmission network. In this case the DSO should inform the TSO about the impact of those geographical or load areas on the transmission network nodes, and in particular the amount of power (in percentage) that affect to each of the transmission network connections belonging to a certain macro load area.



E.2.4. Inefficiency of services requests When both a TSO and a DSO need a service in the same area it could be more efficient to establish coordination between the DSO and the TSO in order to adapt their requests (e.g. to find one solution or solutions that meet both needs in an optimized way). For solving this issue of possible inefficiencies, the regulatory framework should define clear rules and make clear which are the responsibilities of each of the regulated players.



E.2.5. Incoherent services requests The case of the DSO and TSO contracting the same service to the aggregator should not happen because both regulated players will perform the corresponding validation and will be aware about the services contracted by the other. If the aggregator does not accept any service request implying AD resources which are already involved in some other service pending from technical verification, these kind of problems could be avoided. The DSO that knows the details of the operation should detect incoherencies between service requests and notify the aggregator and the TSO about them.



E.3. Summary of relationships implying DSOs and TSOs Table 16 presents a summary of the issues discussed in Sections E.1 and E.2 above. The objective is to clearly define the topics that involve some kind of relationship with TSOs and DSOs. Alternative approaches are still considered even if decisions have been taken as to which solution is chosen in the project. Indeed there might be situations in which due to the regulatory framework or specific
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E.4. Relationship between aggregator, retailer, BRP and TSO with respect to balancing issues This section discusses issues that may arise due to the fact that aggregators will take control actions over end consumers. These are being supplied by retailers and form part of the portfolio of BRPs. This may carry the need of certain relationships between aggregators, retailers, BRPs or the balancing mechanism. The mentioned issues are described by means of an illustrative example in which an aggregator is taking control actions over consumers being supplied by a retailer and forming part of a BRP. In Section E.4.1 below, we first consider the interactions between the retailer and the aggregator and their implications from both the market and physical (technical) points of view. Then in Section E.4.2 we will focus on the issues related to the BRPs and balancing mechanism. Finally Section E.4.3 will give some conclusions.



E.4.1. A simplified example to illustrate the issue of the interactions between an aggregator and a retailer Consider the diagram in Figure 8 below.



Figure 8.
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Approach



Relationships involved



Description



AD service buying by TSO.



Direct purchase of AD products from aggregators.



TSO => Aggregator for service contracting and execution.



There are services that allow direct purchasing of AD services by the TSO. According to the regulatory framework there might be services that the TSO should ask first to the DSO (voltage, reactive power …).



AD service buying by DSO.



Direct purchase of AD products from aggregators.



DSO => Aggregator for service contracting and execution.



Purchase of AD services for distribution network operation



Transmission level topology information sharing.



Consumer mapping to transmission DSO => Aggregator for node identifier. communicating and updating the mapping.



The topology information at distribution level is known by the DSO who informs the aggregator about it. Needed both for technical validation and topology related service purchase



Consumer mapping to macro load area.



DSO => Aggregator for communicating and updating the mapping. DSO => TSO for communicating the impact of macro load area on the transmission network.



Macro load area to which each consumer belongs is known by the DSO who informs the aggregator about it. The DSO must also inform the TSO about the impact of the macro load areas on the transmission network. Needed both for technical validation and topology related service purchase.



Consumer mapping to geographical area.



DSO => TSO for communicating the impact of geographical area on the transmission network.



The DSO must inform the TSO about the impact of the macro load areas on the transmission network. Needed both for technical validation and topology related service purchase.



Consumer mapping to consumer identifier (e.g. supply point).



DSO => Aggregator for communicating the mapping.



The consumer identification code is known by the DSO who informs the aggregator about it. Needed both for technical validation and topology related service purchase.



Consumer mapping to transformation substation.



DSO => Aggregator for communicating and updating the mapping.



The transformation substation to which consumers are connected is known by the DSO who informs the aggregator about it. Needed both for technical validation and topology related service purchase.



Consumer mapping to load area.



DSO => Aggregator for communicating and updating the mapping.



Load area to which each consumer belongs is known by the DSO who informs the aggregator about it. Needed both for technical validation and topology related service purchase.



Consumer mapping to geographical area.



No need for information exchange.



No need for information exchange, geographical area to which each consumer belongs is well known both by DSO and aggregator. Needed both for technical validation and topology related service purchase.



Distribution level topology information sharing.



Copyright ADDRESS project



page 136 of 287



ADDRESS Technical and Commercial Conceptual Architectures - Appendices ADD-WP1-T1.5-DEL-EDF-D1.1-Technical_and_Commercial_Architectures Revision 1.0 Topic Technical validation by TSO.



Technical validation by DSO.



Energy payback management by TSO.



Approach



Relationships involved



Description



Aggregator/buyer/market operator sends validation information to DSO that aggregates it at transmission level and sends to TSO.



Aggregator/buyer/market => DSO Aggregator, buyer or market operator sends AD service information to the DSO => TSO. that aggregates it and sends to TSO. Note that if the player sending the validation information is the service buyer or market operator, the aggregator should previously inform them about the topology information associated to the service.



Aggregator/buyer/market operator directly sends validation information to TSO.



Aggregator/buyer/market operator => TSO.



Aggregator, buyer or market operator sends AD service information to TSO. Note that if the player sending the validation information is the service buyer or market operator, the aggregator should previously inform them about the topology information associated to the service.



TSO publishes the limits for upward and downward margins at the transmission network areas.



TSO => Aggregator.



The TSO makes accessible to the aggregators the limits for the AD actions linked to the topological information. The TSO is in charge of updating these limits according to the network loading and voltages. The aggregator is in charge of complying with the limits set by the TSO.



Aggregator/buyer/market operator sends validation information to DSO.



Aggregator/buyer/market operator => DSO.



Aggregator, buyer or market operator sends AD service information to the DSO. Note that if the player sending the validation information is the service buyer or market operator, the aggregator should previously inform it about the topology information associated to the service.



DSO publishes the limits for upward and downward margins at the distribution network areas.



DSO => Aggregator.



The DSO makes accessible to the aggregators the limits for the AD actions linked to the topological information. The DSO is in charge of updating these limits according to the network loading and voltages. The aggregator is in charge of complying with the limits set by the DSO.



TSO makes a service request with a possible associated energy payback.



The same as with the service buying process.



Payback limit is fixed at service request. This approach is only valid when the TSO is the player requesting the service.



TSO fixes beforehand the energy payback limits for AD actions.



TSO => Aggregator.



The TSO informs in advance about the payback limit as a function of the network location, time of day, amount of controlled power, etc.



TSO validates payback at technical The same as with the validation validation. process.
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Approach



Relationships involved



Description



DSO makes a service request with a possible associated payback.



The same as with the service buying process.



Energy payback limit is fixed at service request. This approach is only valid when the DSO is the player requesting the service.



DSO fixes beforehand the energy payback limit for AD actions.



DSO => Aggregator.



The DSO informs in advance about the payback limit as a function of the network location, time of day, amount of controlled power, etc.



DSO validates payback at technical The same as with the validation validation. process. Customer response DSO gives information about monitoring. consumer metering.



DSO => Aggregator. DSO => Service buyer.



The DSO verifies the payback at the technical verification process. The DSO gives information about consumer metering to aggregators in order for them to verify the settlements with end consumers. The DSO gives information about aggregator metering to service buyers so they can check the settlements with aggregators.



This issue will be discussed in more detail in Section 3 of core document and in Appendix F.
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Revision 1.0 Due to a technical problem, producer PA cannot deliver its contracted power supply (100 MW, say) to retailer A, Ret A. In this example, 10 MW would be missing. So, the producer buys 10 MW from an aggregator so it ends up supplying 100 MW to the retailer as written in the contract. In order to sell the 10 MW to PA, the aggregator collects 10 MW of consumption decrease from its consumer portfolio. These consumers are CB and are supplied by say Retailer B, Ret B. What could be the relations between the aggregator and Retailer B? E.4.1.1



Hypothesis 1 – Retailer B is informed



Retailer B is informed of the action of the aggregator on its consumers B or Retailer B succeeds in predicting the AD effect, in particular, in the case of regular, systematic AD solicitations. Consequences: Retailer B will counterbalance the effect of the AD action (load reduction) on its consumers. If the retailer manages to adapt itself, AD will not have any negative impact for the retailer. There are three possible strategies for re-balancing its position: -



Retailer B decreases its forward purchases from Producer B (PB) accordingly: from technical point of view the AD load reduction cannot be regarded as a production anymore because this load reduction is already compensated for by a production reduction “requested” by retailer B’s contractual position.



-



Retailer B sells its excess energy to another player in the market. The same physical energy ends up being sold twice (once by the aggregator to PA and a second time by Retailer B to another actor).



-



Retailer B buys an AD service from an aggregator for increasing its load.



The AD service is not successful globally. If the load reduction is used both by the retailer and the aggregator, this physical energy is counted twice and the electricity system is physically out of balance. Conclusions: In this case, even if from the market point of view the AD action manages to balance Producer A, from the technical point of view this is not the case. The AD action does not succeed in balancing the lack of generation of Producer A and the global system is unbalanced during the AD delivery. This argument is equally valid if we are addressing the case of a demand increase. In order to face the physical imbalance of the electricity system an appropriate solution shall be found. For instance, this may consist in additional fast reserves bought by the TSO.



E.4.1.2



Hypothesis 2 – Retailer B is not informed



Retailer B is not informed of the action of the aggregator on its consumers B. Consequences: Retailer B cannot balance the load reduction. Its sales decrease during the deployment of AD. Retailer B buys energy, which it does not sell to its consumers and makes a financial loss. But the overall system is physically balanced since the lack of production of Producer A is compensated by the load reduction.
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In this case, AD succeeds in balancing Producer A both from the market and physical points of view and the global electricity system is balanced.



-



AD has a negative impact on Retailer B: the retailer has bought energy, which he cannot resell. o



The retailer may ask a compensation for this. However in a liberalized market this might be difficult to achieve.



o



In some countries, Retailer B could be penalized for the associated imbalances (both positive and negative). This is the case both during the deployment of the AD action and during the energy payback effect period. We could imagine not penalizing Retailer B and different possibilities are discussed further in Section E.4.2.



-



One of the issue now is: who produces the energy during the energy payback period? It may be difficult to predict and therefore, the global system could end up out of balance in that period. Because of this new uncertainty, the TSO may have to buy more fast reserve. This is the case unless the product bought by Producer A includes a provision for the payback effect as predicted by the aggregator. In the end, the market forces should lead all the parties in the right direction. That may involve consolidation of the activities of aggregation and retail for instance, or some other modification in the industry’s commercial structure.



-



In the case of regular, systematic AD solicitations, if Retailer B succeeds in predicting this repetitive AD use, it will integrate the effects of this AD in its consumption predictions and we would end up with the situation outlined under Hypothesis 1 above.



E.4.1.3



Hypothesis 3 – Official transaction between aggregator and retailer



An official transaction is established between the aggregator and Retailer B: Retailer B is officially informed and compensated for a sale of energy to the aggregator. Consequences: Retailer B does not counterbalance the load reduction during the AD delivery. In some way it can be considered that Retailer B does not sell the associated energy to his consumers but to the aggregator. This sale is imposed upon the two parties. The question is then at what price it is fair to remunerate Retailer B? A revenue neutral compensation for the retailer in this example would be 10 MW * (service duration) * (selling price by retailer B to consumers B). If deemed appropriate (i.e. if hypothesis 3 is retained) the proper level of compensation is still an item to be studied (in WP5). Regarding the energy payback effect, the retailer can try to predict it and adapt his purchases or reach an agreement similar to what was just described with the aggregator. Conclusion: -



AD succeeds in balancing Producer A both from the market and technical points of view. The global system is balanced during the AD delivery and possibly also during the payback effect.



-



Retailer B is compensated for its unsold energy.
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The associated compensation is an additional cost on the AD product, which must be passed on to the buyer, Producer A here.



-



This situation is equivalent to a transfer of energy ownership between Retailer B and Producer A. The margin between the buying price of the aggregator (from the retailer) and the selling price of the aggregator (to the producer) is the profit of the aggregator.



-



In some way, the aggregator acts here, as a broker matching AD needs to AD resources.



E.4.1.4



Hypothesis 4 – AD actions only to fulfil the needs of Retailer B



The aggregator uses flexibility capabilities of Consumers B only for the needs of Retailer B. Conclusion: -



AD can be sold only to the Retailer of those consumers: The aggregator cannot propose products to other players in the system; however, possibly the retailer could sell these products on the market.



-



The global system is balanced during the AD delivery and maybe also during the energy payback effect if appropriate measure are taken by the retailer or the aggregator.



-



There is no risk to use the energy provided by the load reduction twice.



-



This is commensurate with the case of a retailer which is also an aggregator.



E.4.1.5



General conclusion of this example



An interesting conclusion can be derived from this example: the retailer should not balance an external AD action on its consumers. Indeed, if the retailer suffering from AD modifies its purchases to supply new consumption or sells the energy not consumed: -



from the market point of view the same physical energy is sold twice.



-



From the technical point of view the global electricity system is unbalanced and the initial problem of unbalance is in some way “transferred” from a player to another player (and maybe further again) and ultimately to the TSO if it cannot be solved earlier.



E.4.2. Issues related to the imbalances of the retailer and the system of imbalance settlement Regarding energy imbalances, in order to give responsibility to the deregulated actors to balance their perimeter (purchases / sales), the TSO generally invoices them as a function of their imbalances. In this section we consider two cases: -



the case when there are no BRPs, such as in Spain or in the UK and all the players are directly responsible for their own imbalances;



-



the case where the energy balancing relies on BRPs (such as in France) who take over the responsibility of balancing generation and consumption over an assigned perimeter. They contract with other players (consumers, retailers, producers, etc.) to carry out this function, and do not necessarily need any physical assets. The BRPs compensate financially the TSO for negative imbalances observed in real time, or receive financial compensation from the TSO in case of
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The case when there are no BRPs



In the case of Spain or the UK, all players must inform the TSO about their positions and the consumption and generation points associated and each party is responsible for its own balance. In this context the following possibility may be considered: -



the aggregator informs the TSO about the load reduction in Retailer B consumers so that the TSO can automatically adjust the position of Retailer B.



-



In this case, Retailer B would not be penalised for imbalances.



-



Provided that Retailer B does counterbalance the AD action, the electricity system would be balanced and this procedure prevents the energy to be sold twice.



-



Anyway, this situation may carry disadvantages to Retailer B: since it is not be able to modify its already made contracts, Retailer B will carry a reduction of its incomes, as it has already been explained in Section E.4.1 above.



If Retailer B is able to forecast the effect of AD action (for instance in case of repeatedly executed AD actions) and take measures in order to adapt its position, then the TSO will have to use reserves and probably the aggregator will have to pay for the imbalances. Regarding the issue of the payback energy, even if the aggregator is able to control when and the amount of energy involved in the payback. The question remains about who pays for it. If the retailer does it, it can be also a disadvantage for him. E.4.2.2



Imbalances settlement to BRP (for example in France)



We consider here the case where the energy balancing relies on BRPs (such as in France) and more specifically we study Hypothesis 2 in more details (see Section E.4.1.2). In other words the aggregator does not inform Retailer B, and this latter does not counterbalance the effect of AD on its consumers. In order to make official the purchase of AD by Producer A, the aggregator and BRP A have to declare this transaction to the TSO. The following question arises: from where comes the associated energy, from consumers B (alike a generator) or from Retailer B? First case: AD comes directly from consumers (without any retailer’s intervention) In this case, if Retailer B is not informed of the AD load reduction, BRP B will be remunerated during the AD delivery (because of the long position of Retailer B) and penalized during the payback effect (short position of Retailer B). Moreover, nobody balances explicitly the energy payback. Figure 9 shows both the power flows and information flows between the actors for this first case.
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Figure 9.



Power and information flows in the first case



We study below the consequences for different types of AD products. Service 1: Scheduled re-profiling (Load reduction) In the case the retailer does not counterbalance the effect of the AD action: -



During the delivery of the AD product: Retailer B has bought energy, which ends up not being sold to its consumers because the consumers have waived their expected consumption to provide AD to their aggregator. BRP B is remunerated for the long position of the retailer. Loss for Retailer B: (Price of the energy bought – price of the imbalance settlement) x (energy demand reduction by the active consumers of Retailer B).



-



During the energy payback period (after and/or maybe before the delivery of the AD product): Retailer B sells more than contracted for, and it is penalised because of its short position. The electricity system would be in a short position during the energy payback period and system security may even be at stake. Revenue for Retailer B (or losses negative): (Price of energy sold to consumers – price of imbalance penalties) x (energy payback).



If Retailer B manages to predict the active behaviour of its consumers and take measures to adapt its position:
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During the delivery of the AD product: Retailer B will buy less energy because it predicted AD behaviour of its consumers. The electricity system would be in a short position during the load reduction of AD and again system security may be at stake. Loss for Retailer B: (Price of energy bought – price of the imbalance settlement) x (energy demand reduction by the active consumers) – (Price of the energy resold – price of the imbalance settlement) x (energy demand reduction predicted by the retailer on its consumers).



-



During the energy payback period (after and/or maybe before the delivery of the AD product): Retailer B will sell more than contracted. It may try to predict the impact of the payback and to adapt by purchasing more energy. Revenue for retailer B (or losses if negative): (Price of energy sold to consumers – price of penalties) x (energy payback) + (price of penalties – price of energy bought) x (energy payback predicted by the retailer).



Service 2: Scheduled re-profiling (Load increase) -



During the delivery of the AD product: Retailer B does not buy the extra energy, which is sold to consumers because they are increasing their demand to provide AD to their aggregator. BRP B is penalised, however, because it is in a short position. Revenue of retailer B: (Price of energy sold to consumers - price of imbalance penalties) x (energy demand increase by the active consumers).



-



During the energy payback period (after and/or maybe before the delivery of the AD product): Retailer B sells less and BRP B is remunerated for the long position of the retailer. Losses of retailer B: (Price of energy bought - price of imbalance settlement) x (energy payback)



Service 3: Conditional re-profiling (general case) Retailer B is not informed of the optional contract so the retailer suffers AD as in the above two cases. Service 4: SRP and CRP with a short (“real-time”) activation time When the activation time is short, Retailer B cannot be informed at all so Retailer B suffers from AD action as seen above. The key aspect here is: how to inform the TSO in less in 30 minutes or even less? In most countries, the TSO must be informed of transactions one to two hours before delivery. One way around this may be to have the TSO allowing for some transaction declarations up to several hours after the time of delivery, as it is allowed in Belgium. Second case: the aggregator transfers imbalances from one BRP perimeter to another This is equivalent in some way to having the ownership of energy transferred from the retailer to the AD buyer. Figure 10 shows both the power and information flows between the players for this second case.
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Figure 10. Power and information flows in the second case (NB: the profile of AD includes a payback effect period)



To avoid the imbalance of the global system during the energy payback period, we can propose to include a period of payback effect in the product sold by the aggregator to Producer A (this is already taken into account as part of the product templates – See Section 2 of the core document). The payback effect would be predicted by the aggregator, added in the perimeter of BRP A and taken away from the perimeter of BRP B in that same way as with a demand reduction. This way, BRP A would become liable for the supply of the payback energy predicted by the aggregator. This scheme with these exchanges of information appears to be a good way to develop Active Demand without the potential risks on the energy balancing and the security of the system. Calculation of the imbalances for each BRP by the TSO: -



BRP A: the TSO adds in the perimeter of BRP A the power profile of AD sold by the aggregator (not the measured profile but the predicted one), including the energy payback period.



-



BRP B: the TSO removes from the perimeter of BRP B the measured power profile of AD (the
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Aggregator: the imbalance is the gap between the power profile of AD sold by the aggregator (the predicted one) and the power profile of AD measured a posteriori by the meter operator, including the energy payback period if this measurement is available.



Like for the first case, we study below the consequences for different types of AD products Service 1: Scheduled re-profiling (Load reduction) In the case the retailer does not counterbalance the effect of the AD action: -



During the delivery of the AD product: Retailer B has bought energy, which ends up not being sold to its consumers because the consumers have waived their expected consumption to provide AD to their aggregator. Losses to Retailer B: (Price of energy bought) x (energy demand reduction by the active consumers of retailer B).



-



During the energy payback period (after and/or maybe before the delivery of the AD product): Retailer B sells more than contracted for, and it is not penalised because of its short position since the demand short position is “transferred” by the aggregator onto BRP A. Revenue of Retailer B: (Price of energy sold to consumers) x (energy payback)



If Retailer B manages to predict the AD behaviour of its consumers and take measures to adapt its position: -



During the delivery of the AD product: Retailer B will buy less because it predicts AD behaviour of its consumers, but it will be penalised for having an imbalance (short position) with BRP B. Whereas the previous scheme (“First case” above) gives an incentive to the retailer to predict the AD behaviour of its consumers and to counteract the AD action. In this case, it is the opposite. Losses of Retailer B: (Price of energy bought) x (energy demand reduction by the active consumers) – (price of energy bought – price of BRP B penalties) x (energy demand reduction predicted by retailer B).



-



During the energy payback period (after and/or maybe before the delivery of the AD product): Retailer B sells more than contracted for, and it is not penalised because of its short position since the demand short position is transferred by the aggregator onto BRP A. Revenue of Retailer B: (Price of energy sold to consumers) x (energy payback).



Service 2: Scheduled re-profiling (Load increase) -



During the delivery of the AD product: Retailer B does not buy the extra energy, which is sold to consumers because they are increasing their demand to provide AD to their aggregator. However BRP B is not penalised because of its a short position since the demand short position is transferred onto BRP A. Revenue of Retailer B: (Price of energy sold to consumers) x (energy demand increase by the active consumers)



-



During the energy payback period (after and/or maybe before the delivery of the AD product): The retailer buys energy, which is not sold to consumers. Losses of Retailer B: (Price of energy bought) x (energy payback).



Service 3: Conditional re-profiling (general case) Retailer B is not informed of the option contract and therefore sees losses/revenues like in the case of
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Revision 1.0 Service 1. Service 4: SRP and CRP with a short (“real-time”) activation time When the activation time is short, Retailer B cannot be notified at all. Retailer B may suffer from the AD action as seen above. Again the key issue here is: how to inform the TSO within 30 minutes or less since in most countries, the TSO must be informed of transactions one to two hours before delivery? As already discussed (First case) one way may be to have the TSO allowing for some transaction declarations up to several hours after the time of delivery.



E.4.3. Conclusions on aggregator/retailer interactions with respect to imbalances The main question addressed in this section may be summarized as: how to limit or even avoid unexpected imbalances in the system that may arise due to Active Demand? These imbalances might happen in the case when an aggregator takes control actions over end consumers of a given retailer and sells the corresponding AD products to an actor who is not the retailer of the consumers. The risk we identified appears when the retailer adapts to the new consumption of its consumers. When consumers provide Active Demand, a demand reduction for instance, the retailer could resell the energy not consumed by its consumers to another player and the same energy would end up being sold twice: once by the aggregator and once by the retailer. Or alternatively the retailer may reduce its purchase which may lead to a reduction in production. In both cases, the electricity system would end up unbalanced physically. Certainly, in the first times of AD development, the impact could be expected to be rather small because of the amount of AD would be small. The risk to harm the system appear only when large volumes of AD are expected to be activated in a synchronised way. Some solutions might be proposed to limit these imbalance effects: •



do not inform the retailer of the AD actions.



•



Do not sell repetitive, foreseeable, systematic AD. In some way this might not be regarded as AD any more and another more sustainable solution might be more appropriate and therefore should be sought.



•



Allow for the sale of AD products which include an explicit energy payback. This way the buyer of the AD product becomes liable for providing the payback energy as forecasted by the aggregator.



•



Declare to the TSO the transactions between an aggregator and the buyer of AD and also the “virtual transaction(s)” between the retailer(s) and the aggregator. The objective is to inform the TSO of the modification of consumption during the delivery of AD and during the energy payback, but also to allow for an imbalance settlement that does not penalize the retailer. With such a mechanism, the retailer will be less encouraged to counteract the presence of AD.



Obviously, all cannot be predicted and measured, in particular the energy payback. But the responsibilities can be shared between the buyer of AD, the aggregator and the retailer, and this extra uncertainty could be considered in the same way as the uncertainty of a consumption forecast. However in the case conditions regarding the energy payback effect are included in the description of
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Revision 1.0 the AD products (for instance if its shape is specified in the delivery process - see Figure 2 in Appendix C), the payback effect must be predicted and measured with the same precision as the direct effect of the AD actions. Another issue of concern is the case in which the metering operator is not able to provide an accurate time-tagged consumption curve for each consumer. If the meter operator provides single energy consumption readings per day only, the real profile of each consumer is not known and it will be impossible to measure delivery of AD by individual consumers. Then the TSO will probably use standardised profiles of consumption in the perimeter of the retailer and the retailer will not be penalised by AD in the imbalance settlement.



Other balancing issues: metering options, load profiling and energy balance settlement The last point above raises issues that need further discussion and further studies. Indeed specific studies are needed (and will be carried out in WP2) to evaluate, in the load areas where smart meters will be available, how the data provided by these advanced meters could enhance the imbalance settlement mechanism through to the use of dynamic load profiling methods. If load profile methods are not adapted in accordance with the deployment of AD services, load imbalance will remain non measured. Different situations can then coexist (in the same load areas) or appear successively (due to the time needed for the deployment of AD services) : •



former load profiles with new AD services, with or without smart meters: this is the case if the cost to modify the load profile system is not sufficiently justified by AD services considerations only.



•



Exemption of the AD services in the imbalance settlement mechanism: the effects are set in the global error of the settlement mechanism if any; this approach seems acceptable at the initial steps of AD deployment for a limited period of time and if energy and power volumes involved in AD services remain limited.



•



Dynamic load profiling only for a specific segment of customers with the highest AD flexibility level and thus justifying this mechanism.



•



Use of more frequent remote meter readings (hourly, daily, etc.) for a restricted sample of customers to create a “load profile reference” for AD imbalance measurement.



•



Use of more frequent remote meter readings (infra-hourly, hourly, daily, etc.) for all customers participating in AD.



When used at a large scale among domestic customers and more and more frequently the AD services will modify the shape of load curves and hence consumers load profiles. In that case, the adaptation of the load profiling systems to take these new profiles into account will spread over several years with more limited consequences than an dynamic adjustment automatically applied at the segment of customers involved in AD services in a same load area. That means, with the future smart meters allowing frequent remote readings, adjusted load profiles and accurate settlement, the AD services – including the payback effect before and after activation - will be better integrated in players strategies with different consequences. For instance, the better knowledge of the behaviour of consumers participating in AD and the possibility of anticipation will contribute on one side to develop the confidence of system operators and help them in the technical verification but on the other side it will allow retailers to adapt their purchase and sale programs with the risk of imbalance discussed previously. The issue of the "punctual" or "repetitive" character of AD actions therefore appears of
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Revision 1.0 paramount importance for the system management and the essence of the AD actions themselves (a repetitive action will be integrated with time in the consumers profile and thus will tend to suppress the AD nature of this action). Further studies will be carried out on this topics in the other WPs of the project. The studies will also examine how to share the “smartness” (or the intelligence) between the meter, the energy box and the different centralized systems since different situations will occur (dumb meters, smart meters with or without direct - without involving meter operators - local communication with energy boxes, different regulatory frameworks with meter data operators distinct from DSO/TSO, etc.). This aspect is further discussed in Section 3 of the core document and in Appendix F, as well as the issue of the monitoring and assessment of consumers’ response to AD requests.
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Appendix F. The ADDRESS aggregator and consumers’ flexibility This Appendix is devoted to the description of the ADDRESS aggregator, who is a central player in the ADDRESS architecture and of the flexibility of the consumers who are at the end the providers of Active Demand. More specifically, the following aspects will be presented and discussed: - the relationship between the aggregator and the consumers and in particular the signals exchanged with the Energy Box (Section F.1) - The relationship between the aggregator and the other players regarding specificities and/or additional aspects that have not been considered in Appendix E and in particular the participation of the aggregators in organized markets (Section F.2). - The aggregator’s strategy (Section F.3) and operative decisions (Section F.4) - Aggregator’s risk management (Section F.5) - The management of the energy payback effect (Section F.6) - The monitoring and/or assessment of AD product delivery and consumer’s response ( Section F.7) - And finally the consumers’ flexibility and capabilities for AD service provision (Section F.8). It should be clear that this report describes the first results obtained and/or the first thoughts on these subjects but a lot of work is still to be done in the other WPs of the project, in particular in WP2 and WP5.



F.1. Relationship between consumers and aggregators The aim of this section is to define the relationship between aggregators and consumers. Main goals of this relationship from aggregators’ perspective are the following: -



build a portfolio of consumers that will allow the aggregator to sell AD products to the other players through the market.



-



Collect information and signals to develop and improve aggregator’s knowledge of consumers capacity in terms of flexibility available at a time with a specific degree of certainty.



-



Understand aggregators’ role and tools for activating such flexibility when needed: what signals to send and what answers to request? How can signals be sent to consumers/Energy Box? Which other power system participants can collaborate in this relationship (e.g. DSO or metering company giving additional inputs on consumers behaviour or sending activation signals through its communication infrastructure).



-



Alternatives to get signals or information back from consumers or from other participants for reporting on the evolution of services provided, measuring consumer’s response and obtaining the required information for later analysis and settlement.



-



Management of the energy payback effect; even if this topic is considered in Section F.6, some aspects regarding the relationship between the aggregator and the consumers will be briefly discussed in this section.



-



Particular cases: o consider the case when the aggregator is also the retailer. o Consider consequences of having more than one aggregator for a single consumer. o Consider the case of having one Energy Box for several consumers.
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F.1.1. Building a portfolio of consumers To build a portfolio of consumers, it can be envisaged that the aggregator will have to: -



identify and select potential sets of consumers willing to sell their flexibility. To efficiently perform this, the aggregator must acquire knowledge on the consumers through: o Consumer classification analysis. o Consumer profile clustering. o Consumer flexibility indexing (including forecasting algorithms and those based on historical behaviour). o Consumer’s comfort valuation. o Assessment of market potential of different types of consumers.



-



Identify and select the geographical distribution of its potential consumers. It will probably need a minimum volume of AD and therefore of consumers for each given geographical zone in order to be able to develop a technically and economically viable activity. The aggregator must thus know the location of each consumer with respect to the grid (consumer location information - see Appendix E).



-



Set a commercial plan and implement it, and namely: o To assess the value of the AD products it will be able to sell from the analysis of the different AD services’ markets and from its portfolio of AD clients (e.g. with bilateral agreements). This includes forecasting the future level of market prices (including imbalance prices) as well as other economic factors. o To strategically set a goal of for the portfolio of consumers. o To build offers for consumers to have them be part of the portfolio and to design a set of contractual arrangements attractive enough for the consumers and that allows a margin for the aggregator. o To carry out marketing activities to get these offers known by the targeted consumers (market study, publicity, telemarketing, etc.). o To provide solutions to deal with the investment costs induced by new consumers providing AD services. o To install (or let a reliable third party install) the controller ("energy box") and communications devices at customer premises. o To sign contractual arrangements with the consumers.



From these activities it should be expected that the aggregator will need to achieve: - a database of consumers (with consumption profile clustering, forecasted flexibilities’ consumptions, network location, existence of energy box, communication link, etc.) subject to local data privacy laws. - A set of appropriate contracts47 to be offered to consumers (volume, price, availability, monitoring, penalities, lead time to communicate, etc.). - A portfolio of consumers with contractual arrangements signed up. - Installation of the control and communication hardware to the consumer premises.



47



The aggregator should analyse if it is worthwhile to work with a large set of standard contracts, or if this business requires to individualise almost each contract to adapt to each particular consumer behaviour.
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F.1.2. Learning consumers’ behaviour This subsection considers the different alternatives an aggregator might have for retrieving information from its consumers that will contribute to develop and then improve the knowledge of its consumers. The retrieving process can be divided into two main stages: - collection of information at the first contact between the aggregator and the consumers. - Collection of information based on consumers response feedback. At the first contact with a consumer, an aggregator will probably identify its potential flexibility based on questionnaires. This information is needed for making a first consumer classification. At this stage, the following types of information will be retrieved: -



Data about current electricity contract with supplier, e.g.: o Electricity consumption. o Maximum power: this applies in countries where it is use for distribution access tariff. The choice of the maximum power is usually a result from the questionnaire filled by the consumer for the retailer when the supply contract is first established. Its is based on home square meters, type of appliances, etc. o Retailer type of tariff in use (bi-hourly, season-dependent, ...).



-



Flexible loads: type of appliances, number of intelligent appliances, …



-



Non-flexible loads.



-



Possible generation and storage facilities, e.g.: o Type of generation (CHP, PV, wind). o Type of storage (thermal, electric), its capacity.



-



Type of consumers, e.g.: o Residential consumers (one family, electrical heating, electric water boiler, air conditioning, heat pump, flat, block of flats, number of people living in the house/flat). o Agriculture (dairy farm, greenhouse, ...). o Services (department stores and markets, retail trade, hotel, restaurants, bar, bank/insurance services, …). o Public (administration, education, schools, hospital and health care, …).



-



Seasonal consumption pattern (summer second house, winter flat, etc.).



-



Availability of an energy box at home or of any energy (or comfort) management device (including thermostat), either an actual energy box or virtual one (basically, an equipment prepared for direct dialog with the aggregator).



-



Characteristic of existing metering infrastructure for that consumer and LV specific configuration.



-



Existing communication infrastructure for that consumer provided either by third party supplier available at consumer facilities or through the utility infrastructure.



-



Area in which the consumer is located, e.g.: Province or Region, Municipality, … and DSO/TSO area assignment code (see Appendix E where consumer location information is discussed).



-



“Margin” of comfort consumer might be willing to lose. Willingness to participate to AD and awareness of participation consequence.



Once the aggregator has processed this information, a first classification of the consumer can be made. This classification will be done through the assignment of the consumer to a predefined prototype. This assignment will be later revised and improved on the basis of consumer response feedback once the relationship between the aggregator and the consumer has started. Figure 11
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Revision 1.0 depicts the process of classifying consumers according to their main features. Electrical details



Contracted Power Supply Voltage Annual consumption ...



With Energy box Manageable



Consumers Information



Appliances at home Smart appliance



Not Manageable



Province DSO assignment code (e.g. Secundary Substaion Code) Climate area ...



Location



Existing infrastructure



Response feedback



First Classification



-



Second Classification



Figure 11. Consumers classification process
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Revision 1.0 Gathering flexibility is a continuous process that aggregators do. For this, experience on consumer behaviour is collected to improve consumers’ knowledge and tune the prototypes. Table 17 illustrates the continuous analysis of consumer flexibility based on prototypes. Table 17. Use of consumer prototype and expected flexibility Consumer prototype and its expected flexibility



Evaluation of flexibility



Learning on service request (as it takes place or afterwards) Validation of request fulfilment and tuning of consumer information. Reclassification of consumers if necessary.



Consumer Prototype



The manageable curve (in red) related to this prototype



Identification of hourly power flexibility for a prototype → flexibility that can be requested.



Consumer day before (individual consumption)



Flexibility obtained according to the average daily consumption



Specific crosscheck of individual load curve and prototype can be done to validate both, prototype assignment and flexibility.
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Consumer Appliance load curve (if given by energy box)



Dependent on the possibilities to reduce or to interrupt the different appliances



The three lines of the table highlight the following procedures: 1. First assignment to an existing prototype: a first assignment of each consumer to a prototype is done by the aggregator. This will be used for estimating its consumption and flexibility profiles each day (considering seasons, holidays, weather forecast, etc.). Some extra parameters or consumer prototype reassignment may be done later as the service requests take place.
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Revision 1.0 2. Once the consumer begins its relationship with the aggregator, it is expected that the aggregator will receive periodically information on consumer load curve (for instance hourly consumption data retrieved from the meter to be received from the DSO/metering company). This data will be used to validate the prototype assignment and other data on consumer load pattern. 3. The energy box can collect and give additional periodic information on specific appliances. In particular, it could retrieve: a. Information on specifically estimated load and flexibility of load/generation/storage (hourly load consumption/generation). This information can be used by the aggregator to crosscheck it with its own forecasts, to use it directly or to estimate other similar consumers load and flexibility. b. Information on consumer willingness to participate: this could be used as a parameter to estimate if consumer will override a request. The first input on consumers response an aggregator has is the global metering data (for instance hourly consumption). When a power reduction is requested, the meter can give information on whether it was achieved or not from the total home consumption point of view. Then, the Energy Box could provide periodically the following information (after delivery or daily - it will depend on its capabilities and communication infrastructure): -



Information on total or split consumption of controllable appliances based on what such appliances may have communicated to the Energy Box.



-



Information on requests received.



-



Further information on the evolution of a service delivery received from the meter.



-



Etc.



Processing the collected information and comparing the results with those previously obtained or with the expected behaviour will improve the aggregator’s knowledge of the consumer. Additional parameters might also need to be created based on this information for classifying. This process may lead to re-classify consumers and assign them to a different prototype. It may also lead to revise and improve the prototypes themselves.



F.1.3. Activating consumers flexibility Regarding the capabilities of aggregators to activate consumers’ flexibility through the sending of signals, a first classification can be done according to signal types and requirements. Signal types: -



Power volume signals: they mainly concern active power, but for consumers with embedded generation in their premises, reactive power signals could also be considered (aiming to contribute to voltage regulation).



-



Price signals for the remuneration of the flexibility requested. Price can be considered an incentive used by the energy box for weighting requests and carrying out the energy optimisation in the house. Price leads to a better understanding of the impact on the consumer bill (prices sent are the ones later used for remuneration or invoicing). Prices can be used in relation with modification of the consumption (load increase or decrease) or in association with a volume limit in order to enforce restrictions, e.g. not exceeding a limit.



Possible requirements: -



Signals should include timeframes:
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How long in advance the requests should arrive at consumer premises (energy box). How long between the reception of the request and the start of response (AD action) Duration of the AD action.



-



A request could include conditions on pre- or post- AD action consumption. In particular, the assessment and management of the energy payback effect will be considered in Section F.7 but this issue will be further studied in WP2.



-



In every case, requests might be adapted (e.g. if requested in advance), cancelled by the aggregator, overridden by the consumer, etc. These alternatives will be studied in detail when implementing the messages.



-



Activation of a request might be influenced by previous signals received from consumers such as: •



information regarding consumer willingness status: consumer is available or not.



•



Information regarding forecasted consumption: if the Energy Box has information on forecasted consumption, it could sent it to the aggregator, although the use that can be made of it is not straightforward:



•



ƒ



Aggregators might not be willing to consider each single forecast,



ƒ



A consumer forecast is not a consumer commitment and it might have less certainty than the aggregator forecast based on prototypes.



ƒ



Forecasting functionality might not be available at every consumer.



Information regarding previous hours consumption: hourly consumption will be received and processed by the aggregator and depending on the time delay for its arrival (one day, one month) it could be considered in the activation process.



For each signal, a systematic analysis will be done considering: - requirements and analysis. - Contractual relationship. - Activation. o Long term. o Daily. -



Extra Information to be added (environmental awareness, etc.).



For each information the following components will be considered: - Aim of the message. - Features: From-To, timeframe, communication flow, periodicity - Output and any response requirement. In ADDRESS model, the information is exchanged between the aggregator and the Energy Box at consumer’s facilities. Both will have to be capable to process all the corresponding signals, schedule (in their own way) consequences on the home consumption, and post report information once the services are finished. Additionally the Energy Box will have to coordinate requests to final appliances based on their capacity to respond. Table 18 shows as an example a possible list of information flow between aggregators and the Energy Box. The information flow that will actually been proposed and used in ADDRESS will be defined later in WP2.
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Revision 1.0 Table 18. Example of information messages between the Energy Box and the aggregator



Message



Compulsory Power reduction (1)



How long in advance sent?



Day, hour, 20 min.



Activati on Time



Durati on



HH:MM



x min



To an Individual or to a group of consumer s



Response Requirement



Extra information



I&G



Optional: ack at arrival and 0 or 1 depending on if it was followed or not.



Price bonus



Price bonus if achieved



Periodicity



FromTo



Request



----



Aggr-toCons



Limit or decrease consumption to x W



I&G



Optional: ack at arrival and 0 or 1 depending on if it was followed or not.



Optional Power reduction



Day, hour, 20 min.



HH:MM



x min



----



Aggr-toCons



Limit or decrease consumption to x W



Price Signals Total (2)



Day, hour, 20 min



HH:MM



X hours



Daily



Aggr-toCons



Hourly or intra-hour prices vector



I&G



NO



-------



I&G



NO



-------



Price Signals per consumption bands (3)



Day, hour



HH:MM



X hours



Daily



Aggr-toCons



Hourly or intra-hour prices vector split into consumption bands (baseload, x increase..)



Environmental signals (4)



Day, hour



HH:MM



x hour



----



Aggr-toCons



Hourly ren generation vector in %



I&G



NO



-------



----



Aggr-toCons



Hourly CO2 vector indicator (green, yellow, red?)



I&G



NO



-------



I



NO



I



No



I&G



NO



-------



I



NO



---



Environmental signals



Day, hour



HH:MM



x hour



Power forecast Consumer information: forecast/availa bility (5)



Day, hour, 20-30 min.



Consumer information: Evolution (6)



After/durin g delivery. To be specified in WP2



Other signals which might be required by equipment (7)



Metering information



Day, hour



--



-



-



HH:MM



HH:MM



--



----



--



Information up to 2’-5’ period retrieved at days/hours/20 min periods.



--



--



Cons-toaggr



Cons-toaggr



Availability information (comfort, willingness) Consumptio n information: P, V, I



Daily, 6 hours.



Aggr-toCons



Estimated weather forecast (T, solar radiation, wind)



Day, Hour, minute



Meter/D SO to Energy Box or to Aggr



Information on consumption (instantaneo us, daily …)



In the table, the following notations are used: Aggr. for Aggregator, Cons for consumers, I for Individual consumer, G for group of consumers, Ack for acknowledgment, ren for renewable, T for temperature. Copyright ADDRESS project
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Revision 1.0 Several considerations can be made regarding the above-described messages: (1): For the case of the compulsory message, if this is sent by a player different from the aggregator, such as the DSO (e.g. in emergency situations), it should include information on the sender, so that it can be considered by the Energy Box and can be taken into account at the settlement stage. (2): Prices structures will vary depending on whether the aggregator is also the retailer or not. When the aggregator is also the retailer all combinations are allowed: total energy or base load thresholds prices could be considered. On the other hand, when the aggregator is not a retailer price can account only for flexibility (e.g. an incentive if consumption is above or below a threshold). (3): These signals provide a variety of strategies to the aggregator such as ToU (Time of Use), CPP (Critical Peak Pricing) or any combination of them, as done in existing DSI programs. (4): Although environmental signals are not price nor volume information they might be sent to the Energy Box for foster consumer’s acceptance. (5): In addition to the messages mentioned the possibility may also be considered of having price offers from consumers to aggregators. This approach is further detailed in section F.1.3.1 below. (6): A request for a service will include also information on the after delivery report (logging of information) which the aggregator might request to the Energy Box for service assessment. (7): This additional information on weather forecast might be an extra service of aggregators so that Energy Box can forecast local energy generation. Each message should include a unique identifier and some extra information on whether it is a new request, a modification or a cancellation of a previous request. F.1.3.1



Alternatives on consumers interaction based on hierarchical market-based coordination



In the mandate of the EU to CEN, CENELEC and ETSI it is defined that the smart metering infrastructure of Europe must allow for advanced information and management and control systems for consumers and service suppliers. There is also defined that there is bi-directional communication between the parties, thus that there is an information flow coming from the consumers to the service suppliers. What kind of information does this information flow may contain apart from the information listed in Table 18 is the next question. One of the options for this information flow is bid functions or in other words the possibility for the consumer to make bids to the aggregator, in a way similar to the bid making process used in different electricity markets throughout Europe. This possibility (to make bids) could even extended to the appliances or other devices in the house. One of the strong points of bid functions is that they are generic for all types of devices (consumption, production and storage) and generic for all voltage levels and installation sizes. They can easily be aggregated, which reduces the bandwidth requirements and abstracts the exchanged data further from the actual processes, which makes it hard to derive anything happening inside a household. A ‘hierarchical market based’ approach is very similar to a ‘prices to devices’ approach. Half the protocol, prices coming from a centralized entity to household appliances, is the same. What the hierarchical market based approach adds is information on the available flexibility coming from the household appliances. This tackles an important issue of conventional approaches that give price incentives to consumers; “I just increased the price of electricity, but how many consumers or appliances are going to respond, and how much load reduction is that giving me?” With feedback coming directly from appliances it is known beforehand how much flexibility is available
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Revision 1.0 and even in what area it is available. This real-time feedback from appliances is especially interesting when situations in the grid occur that are new. With the grid transforming into a smart grid with a lot more distributed generation and renewable energy sources than there were before, it is likely that new situations will occur. Because of all these new types of generation and new types of loads like heat pumps and electric vehicles, the aspect location becomes a lot more important than it was before.



Figure 12. Deployment of a hierarchical market-based approach A smart appliance that is able to operate in a ‘prices to devices’ setting is very similar to an appliance operating in a ‘hierarchical market’ based setting. Both have to operate some primary process whilst having an idea of the value of the service they’re delivering. The difference is the ability to communicate what will be done at a certain price level. From an architectural viewpoint the ADDRESS conceptual architecture is very close to the hierarchical market based approach discussed here. But the interface that exists between the aggregator and market is further extended to the consumer level.



F.1.4. Information flow between aggregators and consumers Further to the above discussion about the signals exchanged between the aggregator and the consumers this subsection reviews the means by which aggregators may interact with consumers. These alternatives for interaction might have limitations regarding the capacity, economic and regulatory conditions in each country. Aggregators, as a gateway to consumers for their consumption flexibility, will interact with them through the Energy Box in a bi-directional way through an appropriate communication infrastructure. Different possibilities might be envisaged depending on communication infrastructures that may already exist, or are being developed, and on the regulatory context, for example: - Use of existing communication infrastructures such as internet or communication networks. - Development of new, maybe dedicated, communication infrastructures by the aggregator or third parties.



Copyright ADDRESS project



page 159 of 287



ADDRESS Technical and Commercial Conceptual Architectures - Appendices ADD-WP1-T1.5-DEL-EDF-D1.1-Technical_and_Commercial_Architectures-Appendices



Revision 1.0 -



Communication service provided by the DSO using its own infrastructure or even the metering infrastructure.



In the same way, it might be envisaged to use the possibilities offered by the advanced meters that will be deployed but this will depend on the functions implemented in the meters and again for a large part on the regulatory context. More specifically, -



The energy box will be the gateway between the aggregator and the consumers/appliances. It will have information on the working pattern of the different appliances and will send them requests. It might receive information on consumption and “flexibility at a time” of controlled equipment. Consumer might interact with it for setting his/her preferences and it might give some feedback to the aggregator both, on consumer preferences and on flexibility. However, it doesn’t necessarily keep control of the whole consumption of the consumers’ premises. The Energy Box can receive as well information from the meter on the whole energy consumption for displaying it or comparing it with controllable consumption. The Energy Box might also be connected with the DSO (meter or other equipment) for receiving direct requests likely to happen in contingency situations, which are out of the scope of ADDRESS, or when the DSO is providing a communication service using its own infrastructure (see blow).



-



The meter and metering infrastructure: the meter is now and will probably still be the certified equipment able to measure the whole energy consumption from households for billing purposes and to send this information to the rest of the participants as needed. The meter will collect energy readings, typically on an hourly basis and might as well be sending periodic measurements (P, Q, V) to the Energy Box or the aggregator. Then the Energy Box could for example display the total consumption received by the meter and the aggregator could receive and use these values for assessment when services are activated. For the interaction between the meter and the Energy Box, a typical timeframe might be between 5 and 10 minutes, receiving total average consumptions. Now at a higher level, the Metering responsible party will retrieve readings on a cyclic basis and forward it to those participants requiring it. This information will report to aggregators actual consumption and it will be used to achieve better knowledge of consumers, as well as an input for the settlement process. The metering infrastructure (this includes the meter itself, any other field equipment such as a data concentrator, or any central equipment) might also be used as a bi-directional gateway to the energy box (e.g. when the metering responsible party also acts as a communication provider for the aggregators – see below).



Figure 13 depicts two alternatives for the relationship between the aggregator and the energy box: 1. Direct link (plain red line “1”): This is the case when the consumer has, for example, an Internet connection and agrees on using it for communication with the energy box. The information coming from the aggregator will be sent directly to the energy box. Then it will coordinate and forward information to the appliances. Similarly, the energy box can send back information on forecasts, current status or historical data (consumption/flexibility and or behaviour according to requests). 2. Link through metering system and/or DSO(red dashed line “2”): the metering company (which is the DSO in some countries and a third party in others) operates a remote metering infrastructure and can therefore reach the meter. Additionally, such infrastructure could be used to reach the energy box and send messages coming from the aggregator. This link between the energy box and either the meter or a data concentrator might be a wired (by means of the electric grid for example) or wireless connection.
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Direct & Indirect relationships between aggregators and consumers Information messages Relationships between Energy box and appliances Relationships between metering equipment and energy box



Figure 13. Possible relationships between energy box and other equipment/players Note that no matter if alternative 1) or 2) is used, in contingency situations (which are out of the scope of the ADDRESS project) the DSO will need to send requests to consumers. In these cases in which a power reduction is requested, both the meter and the Energy Box might receive such request. The meter will limit the overall home consumption during the requested period and trip if not achieved while the Energy Box will try to limit consumption in order to stick to such limitation in order to avoid complete tripping. As shown in Figure 13, alternative 2) could be implemented through different options. Typically, the metering procedure might require data concentrators (gateways to meters) on field, which communicate with meters. This equipment could be used for sending signals to Energy Boxes or alternatively the meter itself could be used as a gateway for these signals. Whenever the metering equipment is used for sending information to the Energy Boxes, security conditions will have to be studied for ensuring that it is not possible to manipulate the meter nor any of its functionalities or the data sent upstream with proper identity (cyber security). In the case of option 2), the information flow from the Energy Box to the aggregator through this alternative should also be available. Depending on the capacity of the link the same data as the ones considered in option 1) should be available. Regulatory issues regarding the service provided to the aggregators in this case might also impose conditions to the link: - What type of service the DSO/metering company will have to provide (one way only, bi-directional, amount of data, quality of such service regarding time and accuracy, etc.). - How does such service will be rewarded? Is this a universal service available to any aggregator and paid by the existing metering infrastructure? Is there any extra cost, which should be
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Revision 1.0 transferred to the aggregator (and eventually to consumers)? Additionally, since it is expected that the Energy Box will have under control only a part of the equipment at the consumers premises, only the corresponding partial consumption will be managed. This fact should not prevent the DSO (either through the meter or the data concentrator) to send data about the total consumption to the Energy Box so that both the total consumption and the controllable consumption can be displayed together in the Energy Box (maybe with some other data such as available flexibility being calculated “at a time”, comfort degree, etc.). F.1.4.1



Considering the relationship of two aggregators with a single consumer



Previous considerations in this appendix assume for the sake of simplicity that a consumer has a contractual relationship with a single aggregator at a time. However several alternatives might be considered. There are summarized in Table 19: Table 19. Alternatives for multiple relationships between aggregators and a consumer Case



Architecture requirements



Conflicts/limitations



Alternatives



2 aggregators, 2 energy box and metering equipments with independent circuits



Metering equipment should be able to speak with two energy boxes.



Need to know which meter collects the non-controllable load. Situation very similar to the general one



Not needed since no conflicts



Single meter and many energy boxes



1 meter needs to speak with several energy boxes



Assessment based in metering might not clearly identify each energy box responsibility



Rule for assessment when both aggregators’ requests overlap on time.



Both aggregators single equipment (energy box)



Two aggregators need to access at same energy box.



Several question marks: overlapping, consumer wear out by each aggregator (coordination of requests), access to information by each



Rules to access consumer resources clearly identified. Tendency to move towards the previous options.



-



The first one is when the consumer has two metering devices or one device, which can measure independently, circuits “reserved” to each aggregator and that the metering equipment has the capability to speak with more than one Energy Boxes. In this case, the situation would be very similar to the previous one, which was considering one aggregator, one metering equipment, one energy box and one consumer. This could be the case when the consumer has some generation source (e.g. PV in the roof) and if for regulatory reasons it doesn’t want to be seen as a combined prosumer (typically nowadays many incentives on DG/DER require this architecture).



-



Having a single meter, but one or various energy boxes, which report to each aggregator, is another alternative. Each aggregator will then consider “its” energy box as its gateway and will behave as if it was the single aggregator for that consumer. This aggregator could have access to the metering data, which will cover the whole home. The aggregator might here behave as in the standard case (one to one relationship) when considering the load in its responsibility but will not be able to use strategies based on the whole home consumption, since this last is also influenced by other aggregators (e.g. strategies such as controlling water heaters independently of the remaining home consumption are valid, but others based on the whole home base load and peaks
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Revision 1.0 might not be used since they would be in conflict with other aggregators). Since the assessment will be done on the basis of the meter measurements and that these include the consumption from both energy boxes such assessment will be combined and there might be situations of conflict. -



The situation when two aggregators can have control of similar equipment on request is trickier. In this case, forecasting, flexibility delivery and settlement would have to be coordinated between consumer and all aggregators linked to it. Consumers would go for those offers of aggregator more suitable at a time. The complexity of the contractual relationship would probably deal to requests of exclusivity relationship between aggregators and consumers or a complex protocol between consumer and aggregators for being able to report allocation, restriction, and use of consumer resources.



F.1.4.2



Considering relationship of one Energy Box and several consumers



It could be the case that a single energy box can serve to several consumers. In this situation the following issues need to be arranged: -



Which is the relationship between the energy box and the metering equipment? o



For those cases in which option 1 in Figure 13 is used the Energy Box can have a direct access to its aggregator. Requests and reports will use this link.



o



Whenever the link is done through the metering equipment, this link needs to be established and here there might not be a specific delivery point assigned to the energy box. The selection might depend on country regulation or previously established criteria.



-



How do consumer response to requests are measured? Consumers’ response could be measured if each of them would have an independent measured circuit linked with those pieces of equipment that are under the control of the common Energy Box. Otherwise an agreement between consumers and the aggregator is needed, since the aggregator would only have access to consumers aggregated metering data.



-



How does the Energy Box assign priorities between equipment from different consumers? Either they have all similar weight or again, there is an agreement between consumers.



-



How do consumers interact with Energy Box configuration? In this case consumers might not have the Energy Box close to them. An alternative could be that, whenever the consumer wants to change its preferences, this can be done through the controlled equipment itself (change the flexibility code, which basically would imply that the appliance is notifying it to the Energy Box as well).



F.1.5. Measuring consumers response and behaviour This subsection considers the informationthat will be requested to consumers either when requests activation takes place or while the AD action is on-going, as well as once AD actions are finished. Alternatives for monitoring consumers response have to be considered. An aggregator needs to be reported on the behaviour of its consumers through a number of signals. As discussed earlier signals for measuring consumer behaviour may be collected through the metering equipment, directly through the Energy Box or through other participants. Table 18 above has already given some elements on the information needed on consumers response along with some requirements. This feedback will be used by aggregators to analyse the consumer behaviour, tune the requests, learn for future requests and perform settlement. Aggregators will cross check these message responses from consumers with metering data as well.
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Revision 1.0 Examples of alternatives depending on the message request type are given in the following: 1. Response yes or no For the requests which can be evaluated by a binary answer. This type of information can be sent before, during or after the delivery time. - Before: if for some reasons, a consumer knows that it will not be able to fulfil a request, the Energy Box should send this information back to the aggregator as soon as possible so that the aggregator can evaluate if further requests are needed. - During: depending on the duration of the request and the communication capabilities (delays) an aggregator might tune its requests based on the evolution of the response from its consumers. - After: once the delivery is over, aggregators will collect consumer responses so that they can be used to improve the aggregator’s knowledge of its consumers and maybe for re-classifying consumers, as well as for the settlement processes. 2. Historical data as a response: This includes consumer load curves retrieved from the metering equipment or directly from the Energy Box (see the discussion in the previous subsection F.1.4) and other specific information, for instance on average/maximum values of power, which could be recorded when a service is requested and later sent to the aggregator. Consumer response information is also used for consumer reclassification by tuning specific consumer parameters that the aggregator might have, as well as for the assignment of a new prototype load curve to be used in further requests. In this case, there is not such a severe timeframe constraint for providing the metering data (DSO or metering company). Consumer’s response assessment is studied in more detail in later sections.



F.1.6. Flow interaction with energy box The interaction with the Energy Boxes is originally triggered by a market (or an AD buyer’s) request. Aggregators will have to study the market (or AD buyer’s) requests and, depending on their strategy, they will develop a systematic procedure to meet these requests and later evaluate the results of the corresponding AD actions. Figure 14 shows such a process. This will be further discussed in later sections.



F.1.7. Tentative use cases on the interaction between aggregator and consumers A number of tentative use cases have been identified in relation with the architecture displayed in Figure 13 and the procedures to be followed by aggregators for the provision of AD products. They are given in Table 20. These use cases cover different alternatives depending on aggregators’ capabilities, infrastructure, availability of communication among pieces of equipment, and other conditions, which might differ. In all the tentative use cases presented below, and as it is displayed in Figure 13, the certified equipment used to measure the households whole energy consumption or for billing purposes is assumed to be the meter. The information about the energy consumption can be sent to the Energy Box (to the consumer), by different ways, for instance: 1. A bi-directional communication exists between the metering equipment (meter itself, data concentrator) and the Energy Box and the meter sends periodically the whole energy consumption to the Energy Box in real time. Copyright ADDRESS project
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Revision 1.0 2. At the metering company level, the field equipment likely to periodically collect and validate metering data sends it to the aggregators’ interface information system for billing and settlement. The aggregator can also make periodic consumption information available via its web portal to the consumer.



Market requests



Can the aggregator meet requirements? Evaluate market and its own capacities risk based on previous processes: Need, selection, markets, clearance, validation, inform other players… Use own capacity or others? (based on own consumers and others reward)



Appliances Activation requests to consumers energy box



Request tuning



Is service being delivered? (volume risk)



End of delivery Retrieval of post delivery information Consumers response assessment, settlement, etc



Figure 14. Flow interaction between aggregator and energy box for activating flexibility
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Name Volume limitation request notified in advance through a direct link and with feedback during delivery.



Description - Aggregator sends power reduction/increase request to consumers’ Energy Boxes. - Consumers deliver a signal in advance with their intention on whether to accept/refuse request (it wouldn’t be possible in short time requests). - If accepted, Energy Box sends signals to appliances in the house to meet the request. - Energy Box receives periodic information on consumption from the meter (every 5’ to 10’). - Energy Box sends signals to aggregator on request fulfilment during delivery. - At a suitable time interval, aggregator receives the total energy consumption of the household together with a report of periodic information if this is required for assessment the service request. - According to the registered consumption and Energy Box messages, aggregator can update its database and perform settlement.



2



Volume limitation request notified through the DSO communication system, in real time (20 min.). Optional feedback during delivery.



- Aggregator sends power reduction/increase request to Energy Boxes using the communication infrastructure of the DSO. - Energy Box controls the appliances in the house taking the signals into account. - Depending on the request conditions, Energy Box records information received by the meter during delivery. - If possible, Energy Box sends signals to the aggregator on request fulfilment during delivery (so that aggregator can tune requests). - At a suitable time interval, the aggregator receives through the DSO communication infrastructure the energy consumption of the household as well as a delivery report with some further information. - According to the registered consumption, the aggregator can update its database and perform settlement.



3



Daily price signals combined with volume request and intra-day modifications.



- Aggregator sends day ahead price signals to Energy Box for the 24 hours of the next day. - During the day, aggregator can update price signals with specific time margin conditions. - Energy Box controls the appliances in the house taking the price signals into account. - In real time (20 min.) aggregator sends power reduction/increase requests to Energy Boxes. - Energy Box attempts to stick to requirements. Once AD action delivery is finished rescheduling is done according to prices initially given (influences payback). - At a suitable time interval, the aggregator receives through the the energy consumption of the household as well as a delivery report with some further information. - According to the registered consumption, the aggregator can update its database. Note: If price signals are not synced with metering (for instance in case of hourly metering) additional information will be needed for settlement (as requested in cases #1 and #2).
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Name Environment signals.



Description - Aggregator sends environmental information to Energy Boxes during the day (no matter at which price). - Consumers manage their appliances (through the Energy Box) favouring consumption during the most suitable hours according to the information received. - At a suitable time interval, aggregator receives the total energy consumption from the household according to the registered consumption, aggregator can update its database.



5



Metering Information



- See text on Page 164.



F.1.8. Management of the energy payback effect The management of the energy payback effect is discussed in Section F.6. We consider here only some aspects involved in the relationship between the aggregator and its consumers. As described in Section 2 of the core document, at the end of the control action (carried out to provide demand flexibility) an energy payback effect may occur. Depending on the pieces of equipment used in the provision of demand flexibility at the premises of the consumers, this effect may appear directly after the end of the action or later, for instance it may occur several hours later. Depending of its size and shape (amount of power and energy involved, duration), the energy payback effect may have adverse consequences on the electricity system and the affected players (see Section F.6). Therefore this effect must be limited and managed in a proper way. To this purpose different possibilities may be considered and control actions may be carried out at different levels and in particular at the level of the aggregator through appropriate signals sent to its portfolio of consumers. In fact, the energy payback effect should be considered in the same way as the AD product itself or should be “included” in the AD product. The possibility is given in the template for the description of the power delivery process (see Figure 2 of Appendix C). Anyway even if the AD buyer does not mention any conditions on the acceptable energy payback, it can be assumed that it will be the responsibility of the aggregator to limit/manage the payback effect to a certain extent in order to avoid any significant damageable impacts on the grids. The management of the energy payback effect involves the same activities as the ones described previously regarding the harnessing of consumers’ demand flexibility to build and sell AD products: -



Collect information and signals to develop and improve aggregator’s knowledge of consumers in terms of energy payback effect with a sufficient degree of certainty. A good knowledge of the consumers is necessary both in terms of their consumption behaviour, of the characteristics of their equipment and of the possible strategies that may be implemented in the Energy Box (in particular if these strategies already deal locally with the management of the energy payback effect). It may be assumed that the classification of consumers based on prototypes (as previously described) will also include the consumers behaviour regarding energy payback effect.



-



Identify and devise the appropriate signals to be sent to the consumers/Energy Boxes to manage the energy payback. The aggregator will act through the price and volume signals it sends to the consumers. Different possibilities may have to be combined, for instance: o Anticipation of the AD products delivery, e.g. in the case of an AD product implying a load decrease, send a signal to consumers to increase the consumption in a given time period before the planned delivery (load reduction);
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o o



Splitting an AD product into smaller time periods for generating requests (with smaller volumes or durations) to a larger number of consumers, so that the payback effect is minimised. Limitation of the payback effect directly after the end of the delivery by sending a signal to consumers to counteract the possible load increase or decrease to a certain extent. Control of the payback effect on a longer term by sending signals to consumers to “smooth” or distribute the energy consumption recovery on a longer period of time in order to avoid significant load increase or decrease at unexpected times maybe hours after the product delivery.



-



Measure consumers behaviour both in terms of energy payback and response to the mitigation signals sent. Like for the AD products, this includes the different alternatives to get signals or information back from consumers or from other participants (e.g. DSO or metering companies) for reporting on the evolution of energy payback, measuring consumer’s response and obtaining the required information for later analysis and settlement. The payback effect will be assessed in a similar way to the product itself. The collected information will also be used to update and improve the knowledge of the consumers behaviour, their associated prototypes and maybe their classification.



-



Finally, some information on consumer behaviour regarding energy payback and its management may be part of the parameters taken into account by the aggregator to build and manage its portfolio of consumers.



The strategies to manage the payback effect at the levels of the Energy Box and of the aggregator will be studied in detail in WP2 which deals with both (see Appendix B).



F.1.9. Considerations when the aggregator is also a retailer When the aggregator is also the retailer of the consumers, the relationship with the consumers becomes simpler. The aggregator-retailer will have a better knowledge about the consumer, since it is able cover both aspects: - Consumer energy consumption behaviours and profiles (daily energy curve). - Consumer consumption flexibilities. The new player is therefore able to more adequately create adapted supply price offers according to the behaviour of the consumers during the day, and at the same time it is able to gather their flexibility to offer to the market real solutions to decrease/increase the whole energy consumption. Messages for flexibility and for energy regarding both prices and volumes can be mixed for the benefit of a single player without the need for splitting consequences between two players (namely aggregator and retailer). Additionally the infrastructure is used for both functionalities again by a single player (access to Energy Box and metering data). Finally, consumers in this case will have a contractual relationship with only one external player, and they will not receive price/energy signals from two players, which may be conflicting.



F.2. Relationship between the aggregators and the other players This section describes some specificities of the relationship between aggregators and other (regulated and deregulated players, along with their main features. According to ADDRESS architecture, the relationship between aggregators and the other participants concerns mainly two different situations:
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Participants purchase from aggregators (in the market, call for tenders, OTC, …) Active Demand (AD) products in order to fulfil any service they may need. This could be defined as a commercial relationship.



-



Aggregators and regulated participants interact in the technical verification stage. This could be defined as a technical relationship.



Both types of relationships have been extensively described and discussed in the previous appendices and mainly Appendices C, D and E. These descriptions will not be repeated here. So refer to these Appendices for more information. In this section, we will only consider additional aspects or aspects specific to the aggregator.



F.2.1. Building a portfolio of AD clients and AD sales opportunities This section is related to building a portfolio of AD products’ clients. Aggregators will have to sell the AD services they have acquired from the customers, either through bilateral agreements with AD services users (regulated and deregulated players) or taking part in the appropriate markets. A medium-long term decision-making process should be performed to optimise this portfolio taking into account different aspects as schematically illustrated on Figure 15.



Figure 15. Optimisation of AD clients portfolio



The main actions and activities related to this functionality are: - Knowledge of different AD selling mechanisms (organised markets, OTC markets, call for tenders, etc.). this will imply a continuous learning process. - Forecast of prices in those markets where AD products may be sold. - Forecast of penalizations for failing providing the flexibility committed48. - Forecast of volumes of AD products requested or being able to be sold. - Technical requirements for data communication, etc. The aggregator would have to perform a proper analysis, based on its consumer’s flexibility portfolio in 48



For instance in some countries on the exchange, balancing and regulation markets, the financial risk of not being able to provide as agreed will cause an imbalance fee in accordance to the present up- or down-regulation price. In other cases “penalties for non-delivery” will most likely be a contractual matter.
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Revision 1.0 order to properly set its contractual commitments with TSOs, DSOs and the deregulated players. It will need to evaluate issues such as for instance: -



The conditions proposed by the SOs or the deregulated players compared to other possible ways to sell its products (other players, markets, ...) in order to maximise the profits.



-



The matching of its portfolio of consumers’ flexibilities with the portfolio of contractual arrangements committed.



-



The risks assumed by the potential mismatches due to future switching of consumers, or the noncompliances of the consumers’ with the load modification when required.



-



Handling of the energy payback effect depending on whether the buyer of flexibility sell aggregator back this energy, or will the aggregator buy it e.g. from electricity exchange, if such market is open.



Conditions for AD actions may be decided in cooperation between aggregator and DSO/TSO. For instance requirements/pre-qualification for participating in bidding procedures for some services may be part of these agreements. From these activities it should be expected that the aggregator makes: -



Strategic decision on the volume of AD services committed in the long term with each kind of players, based on the aggregator’s portfolio of consumers, on the risk management strategy and on the knowledge of the added value of AD services to each player and each related market.



-



Strategic decision on the volume of AD services committed to be operated in the available shortterm markets.



-



A set of bilateral agreements (contracts) signed up with regulated and deregulated players. These could take the form of service characterization template.



As already discussed, the relation between aggregators and the other players could take place in different ways: organized markets (e.g. power exchange) and bilateral contracts (over the counter market). In case of coexistence of the two different scenarios, it is appropriate to have rules to cope with conflicts among products coming from both scenarios. Location of the service might be a requirement of regulated players. Additionally, no matter who is the buyer, verification will require some location information as well (for instance for technical validation by DSO/TSO or imbalance settlement purposes). Mainly three ways of specifying active consumer's location in the network have been defined in Appendix E. Depending on the approach implemented, the aggregators will collect and group their consumers according to their location information and will have to take their consumers location information into account in the building and optimisation of their portfolio of AD clients (inappropriate location may be a cause of mismatches for AD service delivery). Refer to Appendix E, Section E.1.4. for more information about location information of consumers



F.2.2. Technical verification of AD actions by System Operator According to the regulation and the way the agreement is settled, an AD product may be processed for technical validation alone, e.g. in some cases of bilateral agreements, or together with a set of products, e.g. the list of accepted offers of a day-ahead market. In any case, all the already validated products must be taken into by the SOs to determine the network state for the actual verification. In any case, the verification chain will provide aggregators and market participants with the response of the verification, which could be: - Full validation of the product.
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Partial validation of the product (e.g. a curtailment is needed), assignment of a curtailment factor and provision a sensitivity matrix.



In case of partial validation (curtailment) the aggregator could: - Apply the curtailment factor as assigned by DSO and partially deliver the product. - Reallocate the product among different consumers, taking into account the allowed volume in terms of MW (and possibly MVAr) indicated in the sensitivity matrix for each Load Area. However, as an alternative, the market may decide for additional exchange offers using the distribution and transmission sensitivity matrix. Additional exchange offers are then notified by the market to aggregators and SOs. In the case the agreement is settled through an over-the-counter market (or bilateral contracts), the following principles may apply: - The verification chain remains the same as in an organized open market (pool); - In case of curtailment and if there is time, a new market round, or products reallocation by aggregators could also take place, similarly to the organized market. It must be highlighted that the relationships among the players strongly depend on the regulation and the markets, which are specific for each country. There will be cases when some of the relationships will not be needed or the player providing the information will be different. For the technical verification process, the DSO/TSO have to take into account the power flow and voltage profile. However network operation constraints change over time at any MV and LV section, as active and reactive power flow is continuously variable. This implies that the DSO needs at least the following information on any consumer delivering AD services: - the location on distribution network through the location information as defined previously. - the power capacity over time: the actual profile for a SRP, the upper bound for a CRP together with a clear definition of the reference pattern with respect to it is calculated. Similarly, in order to process an AD product with regard to transmission network operation constraints, the minimum set of information the TSO needs are: - The transmission network nodes (e.g. the HV/MV substation) the product applies to. - At any node, the power capacity over time: the actual profile for a SRP, the upper bound for a CRP. Provided that, the core of the problem is how the aggregator can provide the DSO/TSO with that information or, in a better way, what kind of information the aggregator should give to the DSO/TSO to make them able to figure out that information on their own. As concerns deregulated players, in order to make the verification phase simpler to aggregators and since they are commercial actors and thus are not aware of the point of connections between transmission and distribution networks, the set of information the TSO needs for technical validation are provided to TSO by DSO, which aggregate the AD product information at any node with TSO’s network. With regard to AD products and the degree of localisation, whenever any player resorts to AD initiatives, it has to specify in the service template for a SRP or a CRP product the location in the distribution network where the product has to be delivered since it will have an impact on the location of the consumers involved in the AD action and therefore on its technical network verification. As concerns regulated players, the degree of network localisation needed depends on the type of the service. Examples are given in Table 21.



Copyright ADDRESS project



page 171 of 287



ADDRESS Technical and Commercial Conceptual Architectures - Appendices ADD-WP1-T1.5-DEL-EDF-D1.1-Technical_and_Commercial_Architectures-Appendices



Revision 1.0 Table 21. Degree of localisation depending on the type of service (examples)



Player  Depend on type of service 



SO 



F.2.2.1



Degree of location 



Power Flow Control for DSO   Set of Load Areas  Network Congestion for TSO  HV/MV substation (Macro Load Area)  Voltage control for DSO  Specific Load Area  …  … 



Minimum set of information from aggregator to DSO and verification template



The information the aggregator has to forward to the DSO/TSO for the technical verification has already been discussed in Appendix E, subsection E.1.2.5. It is further detailed here: - Starting/ending time of the product (starting/ending time of the availability interval for a CRP). - Power capacity over time, sending for instance a data file containing the power reduction/increase any 15 minutes. - Location (e.g. Load Areas, Macro Load Areas). - Service code. The service code is aimed at identifying aggregators’ contributions belonging to the same AD service49: each AD service has its own code. Indeed, since aggregators (or even other players) participating to any single AD service may be more than one, it is of great importance for the SO and for aggregators themselves to distinguish unambiguously to which service any aggregator contribution belongs. In such a way, an AD service can be properly validated. A “verification template”, similar to the service template, could be useful to standardise the way aggregators forward information to System Operators for technical verification. It is shown in Table 22. F.2.2.2



Minimum set of information for the response from DSO/TSO to aggregator and the validation



At the end of the verification chain, DSO/TSO notifies aggregator and market participants with the following information: -



Curtailment factor for the product and for each Load Area, which accounts for both the curtailment factors of TSO and DSO50.



-



The network sensitivity matrix, which accounts for both sensitivity matrices of TSO and DSO51.



The information has already been presented in Appendix E, subsection E.1.2.6. It is however recalled below. The network sensitivity matrix contains the allowed volume in terms of MW and MVAr in the Load Areas, which could be involved in the product delivery. A “technical verification response template” from DSO to aggregators will be useful to standardise the way DSO forwards verification response to aggregators. It is recalled in Table 23.



49



Depending on the volume requested for a AD service, it may happen that AD products sold by several aggregators are needed to be able to provide a unique AD service. 50 Information communicated to the aggregators only. 51 Information communicated to all market participants and publicly available.
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Revision 1.0 Table 22. Template for technical verification Aggregator name



AGGXXXXXXXXX



Service code



SRPXXXXXXXXX



Contribution X of X Power capacity over time



P (MW)



Service delivery envelope



Service negotiation gate closure



R dep lim



V



po ser



Rend lim



T dur



t



xxxxxxxxxxxxxxxxxx.xls



Data file:



Date:



XXXXXXXXX



Starting/ending time:



XXXXXXXXX



Expected payback effect Data file XXXXXXXXXXXXXXXX Localisation (Load Areas; Macro Load Area Codes; node identifiers)



XXXXXXX



Table 23. Technical validation response template Aggregator name



AGGXXXXXXXXX



Product code



SRPXXXXXXXXX



Contribution X of X Curtailment factor52 (eventually for each Load Area and over time) Sensitivity matrix53



XXXXXXXXX



(in Load Areas and/or Macro Load Areas terms)



XXXXXXXXX



52 53



confidential public
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Other issues related to technical validation by SOs



Other issues such as pre-validation, taking energy payback effect into account, pre-qualification of aggregator, etc. are also discussed in Appendix E, Section E.1. Refer to this section for more information.



F.2.3. Participation in organized markets This section analyses the participation of aggregators in markets, either existing ones or new possible ones that may arise to trade flexibility services such as AD services. Since the term “market” may be use for a wide range of activities, it is worthwhile to clarify that in this subsection it will refer to organized markets launched either by a market operator or a system operator. It is understood that the aggregators could also set bilateral agreements with whoever they are interested in or participate in any ad-hoc tender for flexibilities launched by any deregulated participant with its own specific clearing procedures (as for example it happens nowadays with some big consumers launching public tenders to decide the retailer they will buy their energy from). This subsection tries to give an overview of the kind of markets the aggregators could be in principle interested participating in. However it will not enter into the details of such markets, for example trying to evaluate the economic interests of this participation or the changes required in those existing markets to make available an effective and efficient contribution of the AD services provided by aggregators. Until further work on costs analysis, communications, etc., planned to be performed in following WPs, is not achieved it makes no sense to enter into those details. This topics will therefore be studied later in detail in WP5. Organized markets require the traded product to be clearly set, to be transparent, to be measurable (the commitment should be checkable) and to be mostly standardized. Subsection F.2.3.1 discusses some preliminary issues that will condition the possibilities of an aggregator participating in organized markets. Then next subsections analyse existing organized markets and the need of creating new organized markets dealing with AD related products. It is first assumed that the aggregator and the retailer are different entities for the very same consumer. Last subsection addresses the case where the aggregator is also the retailer for the consumer. NB: the appropriate market mechanisms for the trade of AD products, and the definition of possibly new future AD markets will investigated in detail in WP5. F.2.3.1



Preliminary common discussion issues



As mentioned above the product traded in organised markets will need to be clearly defined. Otherwise bilateral contracts will be more appropriate to trade it. Trading “increments and decrements of consumption” The product the aggregator wants to trade with is the flexibility of low voltage consumers. That is the aggregator will trade with a physical product that needs to be defined with respect to a given reference consumption. An increment or decrement of consumption can only be defined and therefore traded if a previous level of consumption has already been set. It is assumed that smart meters are available so that consumer consumption is ready to be measured at least hour-by-hour or even 15 minutes by 15 minutes (the minimum time interval considered in ADDRESS). There are no more standard profiles on which the performance of the retailers and therefore the aggregators are measured. However of course retailers and aggregators will be
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Revision 1.0 measured for their entire aggregated load, not consumer by consumer so that their commitments and their bids will always refer to their aggregated load (or a locational subgroup of it if locational information is relevant for the required AD service). In order to set the reference consumption several situations may happen: -



The market, the aggregator participates in, doesn’t include a locational requirement. The reference consumption from which an increment or decrement action of an aggregator can be actually measured could be set by the net position of the retailers related to the load associated to the aggregator in previous markets. Three problems arise: o



Because retailers could also close some of their position in private contracted bilateral agreements, the net position of the retailers in the markets may not correspond to the actual total forecasted consumption of that load. The only moment where the retailer position is fully and publicly known is the so-called “gate closure”. At gate closure all physical end up positions (coming up from either market or bilateral arrangements) must be notified to the TSOs. At that moment the physical product is clearly set and the performance of the AD services can be measured and therefore deviations from commitments can also be set. So any existing organized market conducted after the gate closure, i.e. all those markets launched by the TSOs for ancillary services are in principle markets where the aggregator could participate in.



o



The load of an aggregator will not usually correspond to that of a retailer. It will correspond to the sum of some parts of several retailers’ loads. So some ad-hoc arrangement should be performed to deduce, from the total net position of a retailer, the part that corresponds to the load controlled by the aggregator.



o



Third, even if a reference point is set at the gate closure, which should be the criterion to allocate a deviation of the common load of the aggregator and the retailer. Should it be allocated to the retailer, or to the aggregator, or should it be shared by both54.



Another alternative proposed (see Section F.7) is to use as the reference point to fix the increment or decrement of load committed the actual load measured just before the product is activated. This alternative may also present several problems. What if the AD action required last for several hours? Do we still maintain as the reference point the load measured at the beginning of the action several hours maybe before? What if for instance the consumption just before the activation of the AD action was very high because of some payback effect which just about to end? Is it realistic to use this value as the reference one? -



The market, the aggregator participates in, does include a geographical requirement below the transmission network level (distribution network level) In that case besides the previous difficulties, the reference consumption from which an increment or decrement action can be actually measured is much more difficult to be set. Nowadays the geographical information related to the physical position notify to the TSO at the gate closure concerns nodes of the transmission network. If a more geographical detail is required retailers will have to discriminate much more the information they provide of their associated load. So it will be necessary to implement further information obligations into the retailers (which will in turn impact on their result as far as the deviations will then coherently be measured at that level). It seems it will be necessary to set some predefined nodes or level of nodes in order to perform this



54



Indeed. The consumption forecast which retailer reports at gate closure, may be used for speculation.
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Revision 1.0 geographical differentiation. Trading “a limit of the consumption” or “a given profile An alternative is the aggregator selling a different AD physical product: a guarantee of maximum or minimum power consumed, for the load it controls, at a given network node, which may meet for example some of the SO needs. Or even a more complex product, the guarantee to fit to a given profile for the load it controls at a given network node. For those needs related with network management issues (congestion management, delaying network investments, ..) and also for issues related with security (interruptible load), this alternative scheme of AD service could better suit the SOs needs. One of the a priori advantages of such an approach is that no previous consumption reference point seems to be needed. SOs buys the commitment of the load at a given node (or at the system level) not to overcome a given power for a given time interval. The problem is that in case there are several aggregators with loads connected to the same node it is very difficult to organize an open market to trade this kind of physical products unless a reference consumption point for each aggregator at each node is previously defined. So we come back to the previous discussion. In that case maybe it better fits SOs agreeing bilaterally with each aggregator that the power of the consumers associated to the aggregator will not overcome a given limit. The aggregator will have to take its actions in order to guarantee that, on an aggregated way, its consumers will not overcome this limit. The aggregator will have to activate its contracts with its consumers depending whether it estimates they will be short or long on their consumption compared to the fixed limit. Note that no reference consumption point is needed for that. The actions could be a load shifting of even a physical change of the limit of the fuses of its consumers (if the contracts signed with its consumers allow it). But it could be difficult to manage this kind of arrangements through an organized market. Time horizon issues The time horizon of the markets analysed will also condition the capability of the aggregator to participate in. As discussed previously short-term markets conducted after the gate closure seem adequate for the participation of the aggregator. For instance, short term SRP kind of products could be traded in those markets. What about markets conducted before the gate closure (longer term markets)? Long term SRP related products might seem difficult to foresee because it is difficult to define and determine an increment or decrement of consumption over a reference point with too much time in advance unless a reference point is somehow established time in advance. Surely, CRP kind of related products will better fit this kind of needs. Markets will trade in any time horizon previous to the gate closure the option to activate the increment or decrement of consumption in the short term (after the gate closure). If it exists a way of setting the consumption reference point before the gate closure, it could be activated in advance. As we will discuss later on, this could be important to cover some of the needs of deregulated players. F.2.3.2



Participation in existing organized markets



There are two main kinds of organized markets that deserve to be studied in order to analyse if aggregators may participate in: -



The lets call “energy markets” ranging from long term ones to short term ones (i.e. intra-day
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Revision 1.0 markets cleared sometime before the gate closure), including the energy day-ahead power exchange. Aggregators could also find some advantage of participating in them. But this has certainly sense and is interesting in the case of an aggregator being a retailer also. The aggregator-retailer could provide their consumers with lower electricity prices making use of their flexibility and allocating their consumption when prices are low. -



The lets call “ancillary services related markets” that are run (or at least activated) after the gate closure. Indeed TSOs already run organized markets in several countries to deal for instance with balancing mechanisms, tertiary reserve, or power flow control related to congestion markets. Aggregators are expected to take part in them contributing with the added value of their consumers demand flexibility.



Moreover, because TSOs and DSOs are regulated activities most of the required ancillary services have to be organized55 through organized and transparent mechanisms. Energy markets (from long term to intra-day markets) Increased price elasticity on the demand side should be of great interest to achieve a more efficient energy market. Increased demand bid elasticity in the day-ahead market (and intra-day markets) or even in longer term energy markets would reduce the risk that a day-ahead market (and intra-day markets) failing to clear, as well as reducing financial risks of market participants and the ability to be subject of market power abuse. Increased demand side competition in the day-ahead market could reduce price peaks and lead to an enhanced market. So it seems aggregators could appoint an added value to this market and participate in them. If aggregators are not retailers, the participation of aggregators in these markets might be more complex. As it has been discussed in the previous section aggregators will be allowed to participate in those markets if the final position at gate closure can be measured and compare to the actual performance of the consumption. And this is not possible unless a reference consumption point can be established. Which is in that case and for those markets the reference consumption point? Is it the physical position of the retailer of those consumers that belong to that aggregator? At which stage? What about bilateral agreements of the retailers? Is it possible to use some standardised consumption profiles to set the reference consumption point? Does this make sense with smart metering? Ancillary services related markets Ancillary services are the services necessary to guarantee the quality, security and financial efficiency of supply. Most TSOs already count on (often market-based) mechanisms to acquire these ancillary products needed to guarantee the system security in the short-term. Although in each power system they take different forms, among the many taxonomies that can be conceived, roughly speaking these mechanisms can be identified as. - Balancing mechanisms. - Congestion relief mechanisms. As it has been discussed previously aggregators will be able to participate in those markets that usually are conducted after the gate closure. Reference consumption exists (the physical position at the gate closure) and the product to be traded is clearly defined. 55



Being more accurate, this is not compulsory (presently in some countries certain business secrecy is normal, e.g. regarding contracts and remuneration for balancing or reserve power) but highly recommended (Third Package).
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Revision 1.0 Balancing mechanisms are in principle an ideal mechanism for aggregators to extract value from AD flexibility. Aggregators will have the ability to resort to the flexibility previously agreed with their consumers to modify the energy programs declared before gate closure. Two modifications may need to be implemented to allow a full operability of aggregators in those markets: 1. Need for the TSO to define zones for allowing aggregators selling AD balancing services in those ancillary markets that require locational discrimination: To allow aggregators bidding their AD services to contribute to solve the nodal or zonal imbalances that might appear at the transmission network level, the TSO should predefine these nodes/zones. Therefore, aggregators should be able to distinguish among their AD consumers, assigning each one of them to their corresponding zone/node. Then, retailers should also differentiate in their energy programs declared before gate closure the expected load in each of the zones. 2. Settlement procedure for AD in TSO’s ancillary services: The settlement procedure applied to aggregators’ accepted bids in the TSO’s ancillary services markets would not have to be different from the one currently implemented, i. e. the difference between the energy schedule at gate closure and the final energy consumption in real time. However, unlike generating plants’ bids, since the mechanism needed to modify the program is much more fuzzy, less straightforward, there is a certain risk for the aggregator to partially deviate from the amount agreed with the TSO (in the balancing market or in any of the remaining balancing mechanism). Aggregators therefore will have to bear this risk. Therefore, there is no need for the TSO for new tools to exploit the added value that AD can offer to the ancillary services managed by TSO’s56. Thus, the aim is to allow AD competing on equal terms with the agents that currently provide TSOs with them (mainly generation plants and large consumers) and, also, to guarantee maximum coordination and efficiency, avoiding redundancies. F.2.3.3



New AD products’ markets



This subsection discusses the possibility of new markets arising from the need to efficiently take advantage of flexibility services such as AD services. It shall be discussed if new organized markets may arise to facilitate the trade of AD services or if, on the contrary, bilateral kinds of arrangements are to be expected. This issue will be investigated later in detail in WP5. Here only some main thoughts are given. These new markets may be launched by the TSOs, the DSOs, a market operator, or by any of the deregulated players. New markets run by TSOs As it has been discussed previously TSOs already can take advantage of AD services for all their 56



In several countries, like Sweden for example, some of these services are already automatic (e.g. frequency regulation) and for the future it is anticipated most of the mentioned services will be automatic implying the response time for services will be required to be very low. It is also anticipated minimum limit for balancing service bids will be increased significantly from today’s lower limit of 10 MW. So the Swedish TSO (and probably also other TSOs) prefers bids and contracts with market players with larger volumes available, simpler activation (automatic), more rapid response time, etc which probably cause influence to the design of aggregator’s AD services. Even today the TSO may disregard balancing bids due to long response time, low volume, wrong geographical location, etc. although they are less costly. But principally the TSO prefers load reduction to generation increase and in some cases demand reduction may be the only possible solution. So maybe demand reduction may receive priority and certain benefits compared to increased generation in the future.
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Revision 1.0 needs related to the so-called ancillary services, provided the time schedules in the corresponding markets (which may vary from country to country) are compatible with the 15 to 20 minutes timeframe adopted in ADDRESS for the provision of AD services. However, as it has been described in Appendix D, TSOs may take advantage of AD services to cover other needs. Indeed, TSOs could be interested in resorting on AD services on a longer-term basis for: -



Load interruptibility service (or load curtailment) When a mismatch between generation and consumption takes place at a wide level (TSO level) and the TSO is forecasting that an increase in generation to meet forecasted demand in the short term is not possible, currently TSOs in many countries make use of long-term interruption contracts with big customers. These contracts have the form of an option. An option fee is paid by the TSO in order to have available a given amount of interruptible load that may be activated at rather short notice. The technical possibility of smaller consumers participating in these services through the figure of aggregators’ will have to be considered. The product traded in this type of markets will probably be a CRP kind of product.



-



Deferring network investments TSOs may also resort on AD services to alleviate possible structural network congestions that will otherwise require an immediate investment on new network facilities in order to avoid power cuts. It could be efficient for the system to delay (or even in some cases cancel) new investments if the load can contribute to manage these congestions. TSOs need to know on a long term basis if they will be able to resort on the aggregators to manage their investment timing, so that the scheme that probably suits better is to deal with option like contracts that fix a certain amount of potential curtailment that can be activated with some notice. Therefore the product traded in this type of markets will probably be a CRP kind of product.



New markets run by DSOs Up to now, there has been very little experiences of using demand flexibility to provide services at the distribution level. One of the main reasons for this has probably been the lack of the appropriate technology. The deployment of the AD tools will provide DSOs with a good amount of resources to enhance the efficiency of their operation. In principle the idea should be that ideally DSOs could develop ancillary services mechanisms analogous to the ones already managed by TSO. The fact that one of the (expected) major contributions of AD is to optimise not only the grid operation but also its development, the proper mechanism (also to contribute to the required transparency) seem to be for the DSOs to call for medium- to long-term bids from the aggregators operating on their grids and having customers who offer services such as load modulation, interruptibility and even hierarchical restoration of power (similar to the TSOs’ balancing services previously described). Therefore, DSOs can ask the aggregators to provide them with load management services in certain locations of their networks when needed. This way they could postpone investments in network reinforcements in these locations. For example, this is of special interest particularly in those areas in which electricity demand is significantly higher in short periods of time, as for instance seaside towns, where electricity load increases dramatically in holiday times. Once they have acquired these services, they can initiate and manage AD actions on their distribution grids.
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New markets run by deregulated players Market Operators could think in organising new markets dedicated to the trade of flexibility products and where clients and providers of AD products will easily meet. Besides the previously discussed organized markets, each particular deregulated player could also launch its own tender process to fulfil its needs. Requirements to participate in new markets -



Need for the SOs (TSOs and DSOs) to define appropriate load areas for allowing aggregators selling AD services in those markets that require locational discrimination This aspect has already been extensively discussed in Appendix E and in other subsections of Appendix F (see for instance Section E.1.4 of Appendix E). SOs will have to define differentiated areas within their networks, so that aggregators can assign their corresponding AD buyers and consumers and afterwards offer AD flexibility when and where requested. The configuration of these areas will have to be properly justified by technical reasons and if possible large enough to gather sufficient critical mass to allow competition.



-



Settlement procedures for AD services Whenever significant similarities exist between the new proposed markets and the existing ones, the settlement procedures applied to aggregators’ accepted bids may be based on the ones currently implemented in the corresponding existing markets. When such similarities can not be found detailed studies will be needed to establish the rules of the settlement procedure. In particular one can expected that such studies will have to be carried out for the future local markets operated at distribution level.



F.2.3.4



Considerations when the aggregator is also a retailer



Most of the difficulties identified when the aggregator is not the retailer disappear. Concerning for instance the reference value, now the retailer-aggregator will end up with a common position where the flexibility and the consumption merge into a single value. Deviations are measured comparing all the market and bilateral commitments with the actual metering.



F.3. Aggregator’s strategy F.3.1. General considerations The way the aggregator will face the different menaces for its business is twofold: - Market-oriented strategy to mitigate price and volume risks. - Consumers-oriented strategy to capture optimal flexibilities. This analysis deals with the business strategy to be adopted by the aggregator to develop its business among its competitors (others aggregators and also other players selling alternative products to Active Demand). It is also based on how the aggregator will develop consumer loyalty and extend its consumer basis. Before entering into business, the aggregator should evaluate all the menaces for its business development and permanence: - Change in regulatory rules: market reforms and new services for actors. - New network investments suddenly reducing Active Demand needs in some areas where Active
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-



Demand was initially interesting and had been developed. Generation investment (centralized and decentralized). Smart technology development in domestic appliances reducing existing power rate and appealing entrance of new players in energy efficiency control. Retailers’ (and producers’) temptation to integrate aggregators in their supply business. Business high dependency on an equipment (energy box) fully located in consumers’ premises.



Additionally, when operating its business, the aggregator will face the following menaces: - Risks from consumers’ supply and network access contracts: in case of payment dispute between the consumer and his supplier and/or the network operator. - Consumers’ mobility. The aggregators will create its portfolio regarding all these considerations and adopt various postures during operations mainly considering information coming from the consumers (price responsiveness, override behaviour, consumption and generation profiles, changes of in-home appliances) and from their environment (competitors, other players, markets).



F.3.2. Strategy regarding relationship with regulated players Relations between aggregators and network operators (DSO and TSO) are focusing on AD services and on the verification/validation procedure. To perform the related operations, the aggregator will manage information about network Load Areas, data from meter to the energy box, participation in the procedure to measure performance of the services and products, sold in the market to other players, that will be declared for the verification by DSO and TSO. The aggregator can adopt some possible strategic positioning to overcome the issues that such relationship can present: -



A “business as usual” positioning in the energy market in case of a competitive AD environment with only pure aggregators (no other business than aggregating consumers’ power flexibilities).



-



A “full innovative” way if the market is more diversified: new technologies managed directly by the aggregator, home smart appliances more manageable with leasing instead of ownership by the consumers (including power generation owned by the aggregators but located in the consumers’ premises) to replace old ones.



Regarding relationship with regulated players, the high dependency to the requests and other solicitations from system operators may lead to a business that will seem to be an extension of regulated activities. In that case, aggregators will appear to be DSO and TSO “subcontractors” even if the decision is taken at the market level. In concrete terms, aggregators will share the markets by positioning themselves in specific areas and prevent competition between each other in a same Load Area. Then they will translate the monopoly position of DSO and TSO by adopting the same monopolist position in various Load Areas. Depending on the type of consumers of the different areas (rural, urban, detached house, condominium, revenue income, mobility rate in the area, etc.) aggregators can adopt the business as usual positioning or go to a more disruptive positioning with a high level of innovation (home smart technologies, leasing). This positioning will oblige the regulatory body to be more implicated in concerns about disputes between consumers and aggregators, mainly if the existing services with big industrial sites don’t help aggregators to sell easily their products to the DSO and TSO. For instance, regulation should give priority to the use of AD products before calling on obligated consumption reduction from big industries.
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F.3.3. Strategy regarding relationship with deregulated players Relationship with retailers and others deregulated players of the competitive market will require a high level of tactical manoeuvring for the aggregator. The first aggregator’s strategic positioning will be a “business duplicator” of the centralized producer for a group of consumers. In such a way, the existing producers will be interested to capture the business in a short term. Combining local generation units and consumption will put aggregators in a position of real power to face the set of problems concerning deregulated players’ relations. The level of sophistication of this kind of combination (generation in one area, only consumption in another area, coupling both for some group of consumers in a same area, even in a same seasonal period or intra-day combination, etc.) will allow aggregator to adapt his strategy according to circumstances and contexts. During the first launch of AD services, the aggregator will try to increase rapidly the value of its aggregation business in order to sell it, in a second step, to a retailer who is eager for entering the aggregation activity. The retailers can see the aggregation activity as a menace for their own business and will be interested to catch the activity at first. To solve conflicting situations with consumers and retailers, the temptation is great for the aggregator to go to the supply business, particularly when its risks are accentuated by the more erratic behaviour of local generation and some domestic consumption. An aggregator will see the 3 types of products (SRP, CRP and CRP-2) as families of products and not as full and no indivisible products in order to be differentiated from the other competing aggregators. For example, an aggregator can translate an ADDRESS product in multiple innovative sub-products for solar panels, CHP, cooling systems, water heating, etc. In the same Load Area, an aggregator with supply capabilities can also enlarge its consumer portfolio by extending its supply offers to the consumers having another aggregator different from their own supplier because consumers usually favour players with one contract (AD and supply). Retailers already present (with or without energy boxes) will be one length ahead to endorse the business of aggregators and will prevent any other player to attract their supply consumers in an separate AD portfolio menacing their retail business. In that way, the optimisation at the consumer level is more global than a separate optimisation for AD product on the one hand and supply in the other hand. From a consumer acceptability point of view, incentive clauses for purchase energy (and/or sale if local generation) coupled with AD products proposed by the same player will give a boost to consumer motivation. This positioning will help aggregator to solve consumers’ switch problem from a supplier to another one. This switch operation can compromise the usual load forecasting methods. As a conclusion on this strategy regarding the relationship “aggregator-retailer”, the common business of AD and supply will be a privileged positioning to overcome high costly operative decisions.



F.3.4. Market positioning Since AD services will be seen as alternative or complementary solutions at the market level, aggregators need to know market mechanisms and contracts process before entering the various markets. One risky disposition is the verification procedure by the DSO/TSO after a market procedure, which means for the aggregator that, even after a market conclusion, he is not sure to achieve his business since the DSO/TSO may invalidate the AD product. The strategy to overcome this barrier doesn’t
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Revision 1.0 mean for the aggregator to perform load flow calculation as the DSO/TSO can do, but to adopt, in a first step, load management algorithms allowing him to convert these market risks by consumption risks for the consumers, before and after an AD service event. An aggregator not being able to maintain such a business that leads to conflicting situations with consumers and retailers will go to the supply business, particularly when these risks are accentuated by the more erratic behaviour of these local markets if they include wind generation and solar panels. Since climatic conditions will have an impact on the aggregator’s business, aggregators will extend their portfolio and mitigate risks with financial derivatives products (weather derivatives, carbon swap, etc.).



F.4. Aggregators operative decisions Once bilateral agreements both for buying and selling AD services have been set up (in the medium/long term), the aggregator will decide how to “operate” the available portfolio of consumers in the short term to maximise profits (taking into account the associated risks). This will require to prioritise, to coordinate and to optimise: - Orders or price/volume signals coming for the actual delivery of AD services committed through contractual arrangements with regulated and deregulated players. - Results coming up from the clearing of the markets the aggregator is involved in. To perform this, crucial inputs are the forecasts of market prices (including imbalance prices), imbalance position of the aggregator and possibly the deregulated parties the aggregator has contracts with, overriding rates of flexible consumers and flexibility of the consumer portfolio (this can depend e.g. on temperature). The aggregator should manage and operate the flexibility resources contracted with the consumers, taking into account: - The contractual arrangements with each consumer. - The contractual arrangements with the AD services requesters (regulated and deregulated players). - The actual delivery (activation) orders derived from the previous contractual arrangements. - The available open markets. Aggregators should undertake a complex management of their portfolios that will end up with operative decisions related with their consumers that will be materialised by: - Sending appropriate orders/signals to the energy boxes. - Sending appropriate signals to get the consumer acquiescence if required. Both will depend on the physical communication link installed and the contractual arrangements signed with the consumers. Additionally, aggregators should manage their participation in organized markets by means of deciding the bids (volume and price) offered to each market. Aggregators should develop a large knowledge on the functioning of these markets in order to optimise their bids and to be able to extract the maximum added value. The different timeframes of each market will require a proper coordination of the bids together with the commitments coming up from the agreements with the regulated and deregulated players. Actual delivery of contractual arrangements will lead to orders from DSOs, TSOs or deregulated players to aggregators. Aggregators will have to merge all them with those arising from the clearing of the different markets the aggregator is involved in, and will have to coordinate, prioritise and finally
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Revision 1.0 send up signals to the consumer’s energy boxes. All this requires a complex process to optimise the delivering of the services committed altogether with all the players and markets, maximising profits and minimising associated risk costs. In short it should be expected the aggregator to achieve: - The set of on-line decisions that better fulfils the contractual agreements and that maximises aggregators’ profits. - The set of bids to be delivered to each market. Provisions for management of bid acceptance from each market. - The set of signals (volume, price, notification for acquiescence, etc.) to be delivered to those consumers that required them according to their contractual arrangements. The main objective of this section is to describe the operative decisions and processes that the aggregator has to consider in order to maximize its profits. Furthermore, it considers only the day-today decisions and processes, which are necessary to optimise the use of flexibility and benefit from it. Consumer acquisition and monitoring, as well as negotiation of bilateral contracts is not included here.



F.4.1. Forecasting F.4.1.1



Load forecasting



The aggregator may have to forecast electricity consumption of its own customers (at least in a first step for evaluating their flexibility) or the consumption in the electricity system. The former is needed in forecasting the aggregators own power balance and the latter in forecasting spot market electricity prices (depending on the forecasting method). Price forecasts are dealt with separately below. On the other hand, the price may also affect the consumption for consumers who face real-time prices. Consumption can be forecasted within various time horizons. Regarding the aggregator's operative decisions the most relevant is short-term load forecasting (STLF), which considers lead times up to one week. Generally, this type of load forecasting may also be used for other power sector purposes in addition to Active Demand aggregation, such as generator unit commitment, hydrothermal coordination, and network analysis functions. STLF is important for the secure and economic operation of power systems. From the aggregator point of view, this is a benefit because tools for this type of load forecasting are already available. Various mathematical methods can be used for this type of load forecasting, such as: - Linear regression models. - Time series models. - Artificial neural networks. Linear regression models attempt to express load as a function of exogenous inputs including weather and social variables. However, modelling non-linear relationships with linear model creates problems. In recent years, artificial neural networks as tool of machine learning have gained more popularity in load forecasting. Commercial tools based on this approach are now available. In this approach the user does not explicitly specify the relationship between forecasted load and other variables. However, there is a difficulty in determining the best design parameters for the neural network. Often trial and error method has to be used, which may be time-consuming. A large amount of past input data (even several years) is required for this method. The data should be of good quality and cover the range of situations, which are hoped to be forecasted.
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Variable-output generation forecasting



Variable-output generation encompasses generation whose maximum output varies unpredictably with time, sometimes called intermittent generation. This includes e.g. wind power, solar power, run-of-river hydropower and CHP when it is operated purely according to heating or cooling load. The aggregator may have to forecast variable-output generation in order to forecast its own imbalance position. He may also have to make forecasts in order to forecast imbalance position of the deregulated parties it has made bilateral contracts with. This requires that he has detailed information about the variableoutput generation portfolio. Forecasting of variable-output generation is often based on Numerical Weather Predictions (NWP), which are then fed as inputs in non-linear statistical data modelling tools. These can be e.g. artificial neural networks or time-series models. The aggregator has thus to have a contract with a service provider for provision of this data. Forecast accuracy is also highly dependent on the variability of local weather. Typical mean absolute errors (NMAE) for 24-hour wind power forecast are in the range of 5– 15 % of installed power, depending on the local climate and geographical spread of the generator portfolio. Most forms of variable-output generation such as wind power and solar photovoltaic power are not price-responsive. This is not normally the case for CHP. A consumer who owns a micro-CHP, may fulfil its heat demand either by burning fuel, or when electricity price is low, by electric space heating. Besides, micro-CHP's output power is also dependent on the heat demand, and thus on weather conditions. F.4.1.3



Price forecasting



Several of the methods listed above, such as time series techniques and multiple regression can be used to forecast prices in short-term in electric power wholesale markets. It has been claimed (Doulai & Cahill 2001) that artificial neural networks are more suited to power price forecasting. The benefit is, for example, that the user does not have to specify a mathematical form for the relationship of e.g. weather and spot price. Inputs to this method can include past spot prices, power demand, temperature, cloud cover and wind speed as well as temperature, cloud cover and wind speed coming from numerical weather prediction systems. On some markets trading is continuous with open order book, i.e., the best bid and ask prices are public and continuously updated. Even in this case it is necessary to forecast prices for future periods to facilitate planning. Also forward contracts for power are traded on many market places, and they can help to forecast the power price. F.4.1.4



Flexibility forecasting



The aggregator normally has to forecast consumer response, the response being the customer's load modification following the aggregator’s request and the possible payback effect as a function of time. The consumer's realized load has influence on the aggregators’ imbalance position and thus his income. Although in some types of contracts the customer may promise to provide a certain magnitude of load modification, the penalty that the consumer may have to “pay” for possible deviation is not normally equal to the penalties that the aggregator faces. The customer's energy box is in good position to provide additional information on response forecasts. It might have access to indoor and outdoor temperature measurements, and may have information about the consumer, such as whether he/she is at home or not. However, it does not have weather forecasts, unless they are provided by the aggregator.
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Revision 1.0 Depending on the aggregator's optimal scheduling method, it may be enough to forecast the expected load modification curve, or a probability distribution may be wished. Weather conditions and unpredictable behaviour of the consumer are the sources of uncertainty in the response. The aggregator will reduce these uncertainties by involving more consumers and counting on statistical criterion. The distribution is almost never needed for a single consumer but for consumers in one Load Area of a distribution network (especially when services are offered to a DSO), or the whole consumer portfolio. The time resolution for the load response forecast should be at least equal to the time resolution in balance settlement, which varies in different countries from 15 to 60 minutes.



F.4.2. Optimal trading and scheduling of Active Demand F.4.2.1



Overview



Given a portfolio of active consumers with valid contracts, and a portfolio of bilateral contracts with regulated and deregulated market participants, and access to different markets, as well as all abovementioned forecasts, the aggregator has to decide how to operate the portfolio of active consumers to maximize its profits and produce savings to the consumers. This includes not only the preparation of the actual requests of load modification from consumers but also of the offers to sell this load flexibility, either on open markets or through bilateral contracts. The preparation of offers includes: - Producing the offers and possibly bids (purchase offers e.g. in case of load increase) to wholesale markets (day-ahead power market, intra-day power market). - Producing the offers and bids for load flexibility to balancing mechanism or ancillary markets. - Producing the offers and bids for load flexibility to possibly new developed markets (see subsection F.2.3.3 above). - Producing the offers for load flexibility to parties in bilateral contracts. Note that depending on the country, because of the required response time balancing mechanism (arranged by the TSO) may be out of scope of the ADDRESS project. In addition to producing the offers the aggregator must: -



Observe orders arriving from parties involved in bilateral contracts and results from clearing of markets, and aggregate these according to geographical area when required.



-



Receive information from consumer Energy Boxes and/or receive load modification forecasts as function of time from Energy Boxes when price profiles are fed as input as well as consumers metering information.



-



Calculate bids (purchase price for flexibility) or other activation signals to be sent to consumer Energy Boxes on time according to the consumer contracts.



-



Analyse consumers’ response to request based on metering and service response reports from consumers (this might consist on a number of variables such as average or maximum active/reactive power, voltage or current over time). This information will be used for understanding consumers and fine-tuning their clustering assignment, parameters, and in general improving relationship with consumers as well as for performing the consumers’ assessment.



F.4.2.2



Requirements for the scheduling and offering optimisation



Several requirements can be stated for the offering and load scheduling system in order for it to be useful in practise. Firstly, it should be able to consider many different organized market segments and bilateral contracts simultaneously and their possible conflicts and synergies. For example, if the
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Revision 1.0 aggregator sells power on an organized intra-day power market, it may not be able to make an offer to the balance mechanism. In different countries different electricity market designs and rules have been adopted. This is true for electricity trading as well as for balance management. For example, on the spot market of the Nordic countries batch trading is used (asks and bids for the hours of the following day are submitted all at the same time), while in APX power exchange in UK trading on the spot market is continuous. In the former system there can only be one spot price for each hour, whereas in the latter price varies during the trading period. Ideally the aggregator system should handle such differences in market rules with little adaptation. Besides contracts for one specific period, different wholesale marketplaces have designed more specialized contracts, such as flexible hour contract, which is realized for the period of highest market price if the price is higher than a specified limit. Such a product suits demand response well. Similarly it should be able to consider different consumer contracts, including those consumers who prefer to receive price profiles for flexibility well in advance, resembling real-time pricing, and those who can respond to price changes (or direct control signals) with short notice. Ideally it should be able to take advantage of probabilistic forecasts for market prices (and thus offer acceptance) as well as imbalance prices. Probabilistic forecasts for orders based on bilateral contracts should also be taken into account. Of course, this makes the problem harder to solve. Additionally, the aggregator system should be able to look several days ahead. This is because future price and load forecasts may have implications on current decisions through contractual constraints, e.g. the consumers may not wish to reduce their load more than several times a week. In general, the system should always consider the effect of all decisions on future outcomes. One such effect is the ability to call a consumer later; another one would be the payback effect. This is more complicated than it sounds because the size of the problem becomes manifold. For example, if we want to initiate a load reduction at a consumer ("call a consumer") now, we may have to calculate the opportunity cost of not being able to make another call during every period of the next 24 hours, if the consumer has wished such a constraint. The individual periods (e.g. length of settlement period in balance settlement) cannot be dealt with separately because they are tied together by the status of the consumer portfolio. State variables for the consumer portfolio include indoor temperature, time of last control calls of different appliances, etc. It should be noted that the system couldn’t treat each of the thousands of consumers in the consumer portfolio individually; a personalized control strategy for each consumer is too burdensome to calculate. Similar consumers (judged by appliances and their status, contracts and location) must be grouped together and treated as larger consumers. Occasionally, re-classification can be done if for example variance in status of appliances (e.g. indoor temperature) in the group increases because of different overriding behaviour. Computation time for the optimal scheduling and offering process must be relatively low. For example, in Germany the resolution of balance settlement is 15 min, so it should be able to calculate a new set of control orders every 15 minutes. Ideally, the aggregator should be able to adjust the accuracy and computation time of the system according to its needs. The system should be able to run in off-line mode, using historical prices, simulated price forecasts and other variables. Such possibility is necessary to evaluate alternatives such as effect of changing the consumer portfolio or contracts, different optimisation parameters, better forecasts, etc. But normally, the system is run in online mode, which means that it must have the necessary data connections for input and output data.
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Problem formulation



The optimisation problem is naturally modelled with discrete time steps because also markets and balance settlement work with discrete periods. The problem is inherently dynamic because current decisions affect future decisions. For example, we cannot continue to shut off air conditioning, if it already has been off for two hours. The problem is also inherently stochastic, with two kinds of randomness occurring. The first type cannot be acted upon and does not have any effect on subsequent decisions. An example is the realization of imbalance prices for certain period (assuming that it cannot be used to forecast future imbalance prices). The second type gives information, which can be, exploited in future decisions. An example is a change in temperature forecast for the next day. Taking the second type into account explicitly is challenging; detailed stochastic formulation is deemed to be computationally infeasible. This is because of the curse of dimensionality: we have to consider the effect of the current decisions in each of the possible future pathways, characterized by the realizations of all random variables considered in the model. Because of this reason scheduling problems are often formulated as deterministic problems. Figure 16 shows an illustration of the explosion of system states when, during each period, one binary decision (shown with solid lines) can be made, and there is a random event (shown with dotted lines), which affects subsequent decisions and random events. Here the decision can be e.g. to call load flexibility and the random event can be a change in forecast of market price. At this stage the question of how many of the dynamic uncertainties (which have effects on future decisions) will be modelled and the method to handle them is left open. Another question is the optimisation of decisions with regard to the internal benefits of one time period. This depends on the contracts, which are involved in the decision process. Typical contracts are trading power for one period on the wholesale market ("spot market"), reducing imbalance costs, and sending offers and bids to balance mechanism.



do not call flexibility



call flexibility



time Period 1



Period 2



Period 3



Figure 16. Illustration of the explosion of system states
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Revision 1.0 One framework for optimising sales or purchases on the spot market is shown below in Figure 17. The horizontal axis (axis of the abscissa) shows account balance. This assumes that spot market price for the period in question is known but the framework can be extended to allow unknown (before setting offers and bids) spot price, so that the trader also specifies a price for its offer. The slope of the black dashed line is equal to the spot price, and "offered power" refers to the power sold or purchased on the spot market. The ordinate (or position on the vertical axis) of the red dot thus shows the income from spot trade. The dashed bell curve shows the distribution of imbalance with respect to the origin (abscissa of the red dot). In this picture dual imbalance pricing is used, i.e., the price paid for negative imbalance is different from the one received for positive imbalance. We now proceed to calculate the imbalance cost. Flexibility offers (price = slope) Cumulative income



(Expected) spot price Expected system sell price SSP (=slope of the line)



final income



Distribution for SBP Expected system buy price SBP



Distribution of account balance offered power



Account balance Negative imbalance (if offer accepted)



Positive imbalance



Figure 17. A framework for studying the optimal spot offer in presence of load flexibility and two imbalance prices. In Figure 17, the slopes of the brown lines are equal to the imbalance prices. In this example, the price paid for negative imbalance (SBP - System Buy Price) is higher than the one received for positive imbalance (SSP - System Sell Price). Without possibility of adjustment after spot trade we would follow the brown lines to find the final income for each value of final account balance. When load flexibility can be used the situation can be improved. In this example only negative imbalance is corrected by using consumers' load flexibility. The slopes of the line segments drawn in different colours represent the prices paid to different groups of flexible consumers. More specifically in the example, 4 groups of consumers are represented with increasing prices (increasing slopes): light purple, orange, green and red. The fact that the segments are connected reflects the pay-as-bid rule in determining the actual price paid to each group of consumers. In case negative imbalance seems evident, and the price paid for negative imbalance seems higher than the price paid to consumers for their load flexibility, the aggregator can resort to active demand. In the situation shown by the blue dot on Figure 17, all the flexibility offered by the light purple consumer group has been called, as well as a part of the flexibility
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Revision 1.0 offered by the orange consumer group. Indeed, the price for negative imbalance appears higher than the price paid to these two groups of consumers (looking at the slopes of the brown line and the two segments). The assumption here is that when load flexibility is called (this is assumed to be at a later stage than spot trading), the aggregator has a very good idea of the final imbalance as well as system buy price. In case he knows these exactly at that time, the expected imbalance cost at any level of spot sales can be calculated, which allows us to maximize the expected income as a function of spot sales. Less complete knowledge of imbalance and imbalance prices makes load flexibility less useful and increases costs of negative imbalance. This again encourages the trader to avoid negative imbalance by selling less on the spot market. This framework should be extended with: - Unknown spot price (such as in day-ahead batch trading). - Load increases (charging of storage such as in space heating or electric vehicles), as this is a cost, charging becomes meaningful only in the multi-period dynamic model unless some heuristic for the value of storage is used. - Balance mechanism and other markets. F.4.2.4



System structure



It must have the necessary interfaces for accessing databases containing information about: - Consumer status, such as offers for flexibility (supply curve), flexibility forecasts (including forecast for override), contractual constraints, calls history. - Price forecasts, such as for prices on organized power markets at different time periods, forecasts for imbalance prices. - Load forecasts and generation forecasts for different periods, in order to forecast the aggregator's own balance position. - Accepted bids and offers on different markets (results coming up from the clearing of the markets) for different time periods, as well as orders based on bilateral contracts with regulated and deregulated players for different time periods. Figure 18 schematically shows a possible structure for such a system. F.4.2.5



Network restrictions



In the case where network restrictions arise after the aggregator has programmed an action, he will have to react to the situation. Due to these possible restrictions, all the aggregators will have to keep open the option of forecasting the flexibility for different zones separately. The reaction to a network related restriction could take different forms: -



If the aggregator has enough flexibility available to offer the service without calling upon the resources in the constrained area, the problem is easily solved. It may however force the aggregator to call upon more expensive resources and reduce the profitability of that service at that time.



-



If the aggregator is short in available resources, he may have to call upon external resources to compensate. If cancelling the service offer were not an option (cancellation options in case of network constraints could be part of the contract), the aggregator would have to try to purchase external resources from producers or other aggregators.



-



In the last scenario, the aggregator is unable to find a substitute for his announced flexibility and
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Revision 1.0 he will have to pay unbalance charges for the deviation between the announced and the provided flexibilities. The impact of these three possibilities and how to handle them specifically will be studied more deeply in other WPs. Regulation and electricity market frameworks at a country level will influence or even set up the rules of relationship and rewards, compensation or penalisation between participants.



F.4.3. Considerations when the aggregator is also a retailer When the aggregator is also a retailer, the decision processes remain very similar but eliminating some redundancies e.g., if the aggregator and the retailer are different players both need to forecast consumption, although with different objectives. The main differences are that the optimisation of the profits is now made by the same actor and that there are less interaction needs, since retailers and aggregators are the same.



Figure 18. Possible structure for the inputs and outputs of the aggregator scheduling and trading optimisation system.
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F.5. Aggregators risk management In its role of enabler of Active Demand, the aggregator is facing a wide array of uncertainties. These range from difficult-to-predict consumer price rates of response (an uncertain primary resource) to end product selling prices (SRP, CRP). The relative likelihood and consequences of adverse conditions for aggregators should put significant strain on the aggregator’s business in the form of risk. In fact, it is believed at this early stage of the project that sound risk management will be at the heart of the aggregator’s short to long-term strategies. This statement gains even more weight when we consider that this is a fairly new business with a lack of experience in measuring it and understanding the effort needed for the mitigation procedures. However, it is believed that the regulation and business design must ensure that the risks will be allocated to the most appropriate agents to manage them.



F.5.1. Types of risks Risk is the measurable possibility of losing or not gaining value. In the case of the aggregator, there are three primary types of risk: market, credit and operational risk. These risks are interrelated to a certain extent as illustrated in the Venn diagram in Figure 19. We detail next the specifics of each of those risk types.



Market Risk



Credit Risk



Risk Management Operations Risk



Figure 19. Different classes of risks for the aggregator F.5.1.1



Market Risk



Market risk is the potential earnings or value loss due to adverse movements in market prices or conditions for aggregator-based flexibility products (SRP and CRP). We note as well that market risk for the aggregator is correlated to exposures in other markets (especially energy and ancillary services), interest rates, bandwidth markets, etc. Some examples of this kind of risks could be the two following ones: -



Price: As for any other market trading activity, actual spot prices can and will differ from the aggregators estimates taken as a reference to contract AD services with consumers. For example an aggregator closes an annual contract with a consumer with a fee premium based on the prices it has forecasted for next year. There is a risk associated to the actual behaviour of the price that should be managed or assumed. This will require risk management instruments to hedge against market price risks that often are not available in many cases, due to the immaturity of financial energy markets and their lack of liquidity. Consequently maybe the aggregator will not make this kind of contract but instead use fixed price for stand-by plus variable market price for performed
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Volume: o



In the long term, aggregators will have to constantly balance their portfolio, in order to avoid short or long positions. Due to the different durations of the selling (for instance to the TSO/DSO) and purchasing (to their providers/consumers/clients) of AD services, aggregators will be permanently exposed to the cost caused by a mismatch between their contracted and committed quantities, for example, due to consumers switching (consumer switching could be seen as a major risk itself). Geographical and even electrical allocation of consumers57 will influence conditions at which a service can be provided by each aggregator. As it happens with retailers while delivering energy, it is not trivial to exactly matching quantities and timeframes of the commitments in both sides, service provider (consumer) and service requester (DSO, TSO, BRP, deregulated players, ...).



o



In the short term, aggregators will be subject to the actual efficiency of their AD commands. Since managing AD services at the domestic level implies involving a very large number of small loads, it is not always obvious to predict the command/actual response function, which implies the need to balance the short-term deviations. Additionally, consequences of service activation will also have to be managed, such as after-service forecasted conditions, use of “credit services” which might be needed by other participant during the contracted period, etc. There is also a matter of each household’s willingness to participate at every instance of time. Probably, each consumer will sign a contract with the aggregator but not necessarily identical for every customer. There may be several different contract options depending on each household’s participation in time and demand reduction, options for non-participation at single instances, various kinds of remuneration, etc. So it may be possible for some households not to participate every now and then due to a variety of reasons but still within the frames of the contract.



F.5.1.2



Credit Risk



Credit is the risk that financial loss will result from the failure of a counter party of the aggregator to perform a financial transaction according to the terms and conditions of its contract. In the case of the aggregator, that would mean having a buyer of an Active Demand product default on the payment for that product. F.5.1.3



Operational Risk



Operational risk is the deviation from an expected or planned level. This associated loss is due to: -



Business risk - risk arising from changes in business and technical conditions: o



Short term: e.g. AD action cannot be executed in the final minutes due to potential network violations or the aggregator is enable to get from their consumers a flexibility of exactly the same nature of the one required by AD markets (for instance, the decreasing ramp required by the TSO in the tertiary reserve market might require the combination of all flexible sources in the aggregator portfolio, i.e. generation plants, DER, AD consumers,



57



Aggregators will tag their consumers with geographical and electrical (Load Area) assignment, this second one could change due to changes in the topology of the distribution network. Number of consumers per area will highly limit aggregators’ capabilities to provide services (once risk assessment done, it might not be worth to be committed).
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Revision 1.0 etc., since it is more than likely than it will be difficult to match perfectly every consumer’s response profile with the TSO requirements)58. Similarly, requirements on energy payback effect, due to its high dependency on equipment, might be so challenging for aggregators that they might reject any commitment to be complied. o



Long term: e.g. people are less interested in active demand, large-scale economical energy storage takes off (i.e. threat of alternatives) or the aggregator has not correctly estimated the potential flexibility of the consumers (e.g. whether it is profitable to install the equipment to a specific consumer).



-



Event risks – risk arising from one-off situations affecting the running of the aggregator (e.g. regulatory change, natural disasters, energy box and communication failures, human error, etc.).



-



“Systemic” risk – risk of not being able to deliver AD services when they are especially useful and demanded due to system conditions which at the same time are the cause of the risk (e.g. in the case of very cold weather periods leading to increased electric consumption and hence an increased need for load reduction through AD service, while at the same time this situation is unfortunately highly correlated with a wish of consumers to override AD requests in order to satisfy their space heating needs).



F.5.2. Risk mitigation In order to protect against market, credit and operational risks, aggregators should evaluate their upstream (on the markets) and downstream (with small consumers) transactions and businesses. Once the risk has been identified, the mitigation methodology will fall into one of the following two main types: - Mitigation for systematic risk. - Mitigation for specific risk. The philosophy of these mitigation methodologies is described in more detail next. F.5.2.1



Mitigation for Systematic Risk



Systematic risk represents the change in a transaction’s value correlated with the behaviour of the upstream and downstream market as a whole. Systematic risks can be hedged by standard financial instruments (obligations and options) and, in the case of the aggregator, it is most likely to mitigate it in the upstream markets. Systematic risk can be reduced or mitigated by entering into similar, but opposite positions in the market. For example, an aggregator has an inherent market risk exposure to falling prices for its products when moving closer to real time (e.g. cheaper electricity from central generation becoming available is an alternative to Active Demand products). It can reduce its exposure to potentially falling prices by entering into longer-term fixed price forward contracts, which lock in a fixed price for delivery at a future date (i.e. SRP). The main type of systematic risk, which is discussed here, is Price Risk Price Risk is the risk an aggregator faces due to the volatility of SRP and CRP product prices in the



58



Most likely the amount of power aggregated by AD for each aggregator will not be as large to pose any problems to the TSO, BRP, etc. The variety of combinations of small consumers’ various AD activities in different regions makes it extremely difficult to predict the actual combined result for the TSO/DSO properly, why some uncertainty will inevitably prevail. But the uncertainty of AD response may probably entail that TSOs at certain occasions may choose other solutions than AD. On the other hand, in general terms TSO prefers load reduction as compared to increased generation for balancing, etc.
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Revision 1.0 upstream markets, which are correlated, to the prices of energy, due to unpredictable or uncertain external market events. Three aspects fundamental to understanding and managing price risk are: -



Price risk is inherent in the market. It is transferred through various market transactions/products. It is taken by those market participants that are more willing and/or able to bear it.



-



Mitigating price risk between parties comes at a cost. These costs are seen in direct fees, such as premiums for options contracts (i.e. the option fees of CRP), or opportunity costs.



-



Before the transfer of price risk occurs, a cost/benefit analysis has to be performed. The analysis identifies the cost, direct or opportunity, of a particular product, comparing it to the benefit gained through transferring the risk to another party. The aggregator may be disadvantaged with price risk in upstream markets, where it may well be a price taker. However, in its downstream market with its portfolio of small consumers it is a price maker and it has the opportunity of spreading its risk over a very large number of small consumers. In fact, the bulk of the upstream price risk faced by the aggregator should be transferred and spread downstream through appropriate small consumer portfolio management. Hence, this reinforces the need for good discriminatory downstream pricing aided by robust consumer characterisations.



F.5.2.2



Mitigation for Specific Risk



The second type of risk mitigation deals with the change in the transaction’s value not correlated with the behaviour of the upstream and downstream markets as a whole that is known as specific risk. The mitigation or reduction of specific risk can be achieved through: - Diversification of the portfolio (both up and downstream). - Contract language (specifying responsibilities in case of an event occurring). - Purchasing insurance. By way of contrast, specific risks do not have exact means of mitigation in the market. Three major sub-types of specific risks include: - Regulatory Change - Formal changes that affect trading, including market deregulation, price controls changes, and cost recovery methods. - Force Majeure - Unexpected or uncontrollable events that prevent a contract from being fulfilled (hurricanes, severe storms knocking out transmission lines, ICT failures). - Technical Risk - The risk that Active Demand products will not be produced or transported to the agreed location as required in the contract. The aggregator is then exposed to the real time energy market or imbalance prices and must purchase replacement energy/product at prevailing market prices. We focus more on technical risk as it has a higher probability of occurrence relative to the first two risks in the aggregator’s case. Technical Risk Aggregators sell SRP and CRP products from the inherent flexibility of active consumers. The chance that active consumers on aggregate do not provide the required AD is a technical risk. This potentially exposes the aggregator to financial penalties or high-energy imbalance prices so that it can meet its contract requirements. This results in an operationally driven technical risk. Many factors, add to technical risk, including the type of contract the aggregator has entered into (either bilateral or futures), possible force majeure and failure to proceed with delivery due to network constraints. Technical risk has the following two risk components: - Delivery – Delivery is never technically guaranteed as AD can be disrupted due to a force
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-



majeure event or, most likely, the uncertain character of the demand, its available flexibility and its price responsiveness. Capacity – The capacity of transmission and distribution lines is finite. This means that there is a possibility that there may not be enough network capacity available to enable product delivery.



In order to mitigate the uncertain volume-price response of individual consumers, the aggregator may decide to resort to direct load control (DLC) by sending volume signals only (most likely on-off signals) to targeted active consumers and their appliances. The terms and conditions of the application of the DLC would be part of the commercial agreements between the consumers and the aggregator. These could specify the maximum duration and frequency that DLC can be performed within a specific period. F.5.2.3



Additional Specific Risks and Mitigation Strategies



Many specific risks exist in addition to the technical risks detailed above. Additional definitions and ways to mitigate other common types of risk are found in 0. Table 24. List of risks and their mitigation R is k
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F.6. Management of the energy payback effect As described in Section 2 of the core document, at the end of the control action (carried out to provide demand flexibility) an energy payback effect may occur. Depending on the pieces of equipment used in the provision of demand flexibility, this effect may appear directly after the end of the action or later, for instance it may occur several hours later. Depending of its size and shape (amount of power and energy involved), the energy payback effect may have adverse consequences on the electricity system and the affected players. For instance, it may cause: -



load and power flow increases on the networks with a risk of overload and congestion. The affected players are the DSOs and even the TSOs in severe cases.



-



Imbalances between generation and consumption with economic consequences (penalties,etc) and technical consequences (frequency drop or increase, possible impacts on system stability, use of the power reserves, start up of generating units, ...). The affected players are: o from the economic point of view: the BRPs, retailers, … and TSOs, depending on the market structure and the regulatory framework, o from the technical point of view: the TSOs, the producers, … and maybe even all the players in extreme (and hopefully almost improbable) cases of blackouts;



-



depending on the case increase of energy consumption of the consumers and increase of their energy bills. The affected players are: the consumers (and the retailers).



-



impacts on market prices (unexpected increase or decrease). The affected players are the participants on the affected markets.



It is thus important to limit or manage this effect and for instance avoid the possible power demand increase at consumers’ premises as soon as the action ends. To this purpose different possibilities may be considered. In particular control actions may be carried out at three levels: -



at the level of the Energy Box through the control of the appliances and possibly present embedded DG and storage at the consumers’ premises,



-



at the level of the aggregators through signals sent to the consumers who have participated in the delivery of the AD products,



-



at the level of the other electricity system players.



The Energy Box should have the knowledge of the pieces of equipment which participated in the AD flexibility provision and probably also of the status of the other appliances and DER in the house. Therefore specific strategies could be implemented in the Energy Box to limit the energy payback effect at the level of the house and to carry out control actions on the controllable equipment taking into account this information, the signals sent by the aggregators, and its own internal technical and economic optimisation criteria. Note that the action of the Energy Box to limit the payback is limited to the local level (level of the house or the building). The aggregator will act at a more aggregated level, namely at the level of its portfolio of consumers. Indeed the action of the aggregator to mitigate the payback effect: - will most probably concern the consumers who participated in the AD provision, - may also concern other consumers in the portfolio depending on the knowledge that the aggregator has on these consumers, for instance on the location of the consumers on the networks and type of controllable equipment they have.
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Revision 1.0 The aggregator will act through the price and volume signals it sends to the consumers. Different possibilities will have to be combined: -



anticipation of the AD products delivery, for instance in the case of an AD product implying a load decrease, send a signal to consumers to increase the consumption in a given time period before the planned delivery (load reduction);



-



limitation of the payback effect directly after the end of the delivery by sending a signal to consumers to counteract the possible load increase or decrease to a certain extent and at least to meet the requirements that may be specified by the buyer of the AD product in the request (see the AD product/service templates of Section of the core Document and Figure 2).



-



Control of the payback effect on a longer term by sending signals to consumers to “smooth” or distribute the energy consumption recovery on a longer period of time in order to avoid significant load increase or decrease at unexpected times maybe hours after the products delivery.



All these actions require a good knowledge of the consumers both in terms of their consumption behaviour, of the characteristics of their equipment and of the strategies that may be implemented in the Energy Box (in particular if these strategies deal locally with the management of the energy payback effect). The strategies to manage the payback effect both at the level of the Energy Box and of the aggregator will be studied in detail in WP2 which deals with the Energy Box and the aggregator (see Appendix B). The others players have the possibility to specify requirements on the limitation of the energy payback effect in their AD product requests when they are the buyers of those products. This has already been discussed in the previous section (see the templates of Section 2 of the core document and Figure 2). Clauses may also be specified in the contract negotiated between the buyer and the aggregator. At a higher level, minimum requirements may be defined by the regulation or the market rules. It will then be the responsibility of the aggregators and other players to comply with these rules. The management of energy payback effect in the regulation, the market mechanism and the contractual structures will be studied in detail in WP5 (see Appendix B). Regarding regulated players (DSOs and TSOs), another more specific measure will be studied (in other WPs). It can be envisaged that for the technical validation of the AD product delivery, the aggregator may provide the DSO information on the expected energy payback effect that may occur (after mitigation) due to the AD actions it will perform. The DSO and TSO can then verify if the payback causes any problem and inform consequently the aggregator. In their answer to the aggregator, the DSO and TSO may also specify the limits on the payback effect that may not be exceeded. The aggregator will then be in charge to minimize its payback to meet the requirements. In a similar way to the delivery of the AD service itself, the energy payback effect will probably have to be assessed and/or measured. In this case, the reference (base load or base demand) used for such an assessment should be clearly defined. As for the AD product itself, different possibilities may exist (see Section F.7 below).



F.7. Performance assessment This section discusses the activities that will be carried out after the delivery of the AD product/service regarding the performance assessment of the delivery. Some of the proposed procedures will depend on regulatory aspects and on the relationship between
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Revision 1.0 the aggregator and other players that have participated in previous stages. The analysis presents the first thoughts about this important issue that will be further in detail in other WPs of the project. In fact, performance assessment is part of a series of processes: - Retrieval of certificated (meter) readings from consumers and of other data, which might be required from other players (such as DSO/ or retailers). - Process of performance assessment itself. There exist different alternatives for assessing the achievement of the commitments, considering the variety of products and players involved. - Aggregator internal assessment and feedback for future services. - Settlement processes and distribution of the results to the players who shall receive them.



F.7.1. Retrieval of metering data Aggregators, like other players, need to receive metering data from consumers with whom they have a contractual relationship. This data will be used among others for performance assessment and settlement, but also, even if the service requests have not been activated, for achieving a better knowledge of the consumers and therefore improving the profile assignment and the other parameters the aggregator may need for each consumer. Typically digital meters can record data on an hourly (or intra-hourly) basis. It is assumed that this data is received periodically (weekly, monthly,..) and it includes most data needed for service assessment. It might include information on active power, reactive power, voltage and maximum/minimum of such variables. Additionally, as discussed previously, metering equipment may be connected, directly or through a data concentrator with the consumer’s Energy Box. This link will be used to send periodic electricity measurements. The Energy Box can show this information on a display visible to the consumer, but it could also send it to the aggregator for assessment. Again, similarly to metering data, this information could reach the aggregator through the DSO infrastructure (a data concentrator at DSO facilities collects this information and sends it up to the aggregator), or directly through the Energy Box. Assuming that the aggregator will have enough data with the hourly metering information for consumer classification, this last information retrieved from the Energy Box might be only needed when delivering an Active Demand service. Additionally, the retrieval of data both from the metering equipment and from the Energy Box might include information regarding service requests, at least time and type of request. This information will be used for validating that the request itself reached the consumer but it is not a must to include it there. Such validation can also be done when the request itself is sent to the consumer. All this information will be stored and prepared to be used in the next steps.



F.7.2. Service assessment The assessment of AD service delivery involves two aspects: - the performance assessment of the AD product delivery by the aggregator to the buyer, - the measurement of consumers’ response to the requests of the aggregator. This subsection discusses both aspects. However note that performance assessment requires the definition of a reference with respect to which the performance will be measured. Therefore the first subsection below starts with the issue of the definition of reference consumption curves or values. Remark: as already discussed in Appendix E, when used at a large scale among domestic consumers and more and more frequently the AD service provision will modify the shape of the load curves and
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Revision 1.0 hence of the consumers load profiles. The issue of the "punctual" or "repetitive" character of AD actions therefore appears of paramount importance for the system management and the essence of the AD actions themselves. A repetitive action will be integrated with time in the consumers profile and thus will tend to suppress the AD nature of this action. This has to be taken into account when defining the service assessment procedure and especially the way the “reference consumption curve” is built and updated. F.7.2.1



Assessment of services provided by aggregators



Regarding the assessment of the service provided by aggregators to other participants it is reasonable to assume that “any service provided by an aggregator will be assessed by the other party involved in the service” (the buyer) and depending on the type of AD services maybe also by other participants such as the TSO for instance (if the service has an impact on balancing mechanism). This means that the information used for service assessment will be shared among different participants. Therefore there is a need for common references on which the assessment will be based. For instance, if the aggregator has delivered an AD product at a given time (a SRP, CRP or CRP-2 product), this should lead to a modification in the consumption (increase or decrease) that will be assessed with respect to a common reference consumption curve. This reference consumption must be clearly defined and known by the players. Considering the previously done analysis dealing with markets, a rule or a set of rules should be stated for determining the reference consumption and it might vary from one country to another. The main alternatives are: -



The reference may be based on a forecast established by the aggregator or by the buyer of the AD service, provided this forecast is known in advance and agreed upon by the players involved.



-



The reference can be derived in some way from the reference energy consumption given by the retailer to the TSO or BRP (this position, called final physical notification in UK is the one used nowadays by the system operator for technical validation). However, this assumption may lead to the following issues: a) The aggregators’ forecasts could be different and they could take advantage of such difference. b) Nowadays this estimation does not need to be given much in advance (market gate closure). Additionally official load profiles are used in many countries for domestic consumers. However, assuming that every consumer will have a smart meter, it doesn’t seem very elegant to keep on using fixed load profiles for flexibility assessment while having access to the actual load curves (very likely to be used for energy settlement). c) Such estimation is now given aggregated. This means that if aggregators and retailers are not the same, there is a need to identify which of them has deviated. d) The retailer can speculate with the consumption forecast, depending on how he is penalized for deviations.



-



There may be some stated reference consumer curves based either on officially approved values (corresponding to some classification of consumers) or better on samples of consumers being used as a reference (“control group” of consumers). In this case, the following considerations can be made: a) The selection of the sample should follow a fair rule, clear for all participants and considering all casuistic (consumer switching to a different profile, location issues and specifically their thermal equipment, social conditions, etc). b) When for some reasons, actual consumers do not match the sample ones, participants should accept differences and their economic consequences (this also applies for the case where
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Revision 1.0 fixed profiles are defined, then differences might be socialized). c) Consumers in the sample should also be able to participate in AD as well, and a clear procedure on alternative reference should be set up in those cases d) Is the aggregator responsible for aggregating the curves of the control group and then use aggregated data for assessing the product delivery with other players? Aggregators won’t probably want to report the details of the consumers who were involved (this is in their core business). -



The reference curve may be given on each service request and depend on the specific need of the buyer. It will be used for the later assessment. For instance it may consist in a limiting curve with either an upper (don’t consume more than that) or a lower limit (don’t generate less than that or don’t consume less than that) or even as a reference value based on which the aggregator will later compute deviations. In this later case, the request to the consumer may be more complicated but it gives a clear definition of the request. The following considerations can be made for this alternative: a) If the reference can be different on every request and needs to be attached to the specific request this might increase the data requirements when requesting a service. b) The product delivery assessment will be done with respect to the reference curve, but the settlement might be complex, since it will require cross checking consumption each time with different reference curves. c) Further definition of the assessment would need to be done, this might also depend on the service. Is assessment done based on the energy or on the instantaneous power? How often the real consumption is compared against the curve? Which are the specific conditions to be followed with regard to the given curve?



-



The reference may be given by the consumer profile previous to the request. Based on the consumer status at the time of the request the aggregator could evaluate if the consumer followed a request and at what degree it was done. Some considerations can be done in this case: a) If this procedure is used for medium term requests consumers might change their consumption before the activation time in order to take advantage of this procedure. To avoid such behaviour, this alternative might be better fit for short-term requests. b) The reference is not known in advance by the aggregator and it is individual for each consumer. c) If a consumer reference is below the requested flexibility at the activation time, the aggregator could consider not rewarding this consumer, but then the consumer could claim that, after the activation time, it was doing big efforts to fulfil the request. This means some consumers might not want to have a relative reference and might prefer an absolute value independent of previous consumption. d) Again, is the aggregator responsible for aggregating these curves and then use aggregated data for assessing the product delivery with other players? Aggregators won’t probably want to report the details of the consumers who were involved (this is in their core business).



If the aggregator is also the retailer, many of the disadvantages for the previous cases disappear. Of course the reference curve remains needed for the relationship between the aggregator-retailer and the other participants. Still some inconveniences remain: -



For certain services (e.g. provided to network operators), the aggregator-retailer may be required to split its forecast into the areas, which are later linked to service requests. This brings the problem of more deviation due to less volume. In this case, the forecast of the network operator for the area might be even more sensible than those of the involved retailers.
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For services provided to deregulated participants, most of the time no restriction on area is required. A disadvantage here is that, if the aggregator-retailer does not need to define its forecast until the official gate closure, long-term contracts (and therefore CRP products) might be difficult to establish. Retailers could arrange their position in a way to take advantage of the expected requests from other participants (this might create instabilities in the system as well).



As an alternative to the above described reference curves, the AD buyer’s needs may be expressed based on “limits of consumption”, which eventually may be what the aggregators deal with at consumers level. In this case, it is assumed that the energy reference curve is included when contracting the product. This has the disadvantage that in some cases it might not be well defined in advance, that is, at the time of contracting the product. But on the other hand, one of the a priori advantages of such an approach is that no previous consumption reference point seems to be needed. One possibility of such type of references could be the “zero reference” (or no consumption reference). In that case the request to the aggregator will concern the load profile itself and not a modification of the load profile. The aggregator performance assessment in these cases could vary depending on contractual conditions. For instance it could be considered that the requested power curve shape means the “limit” on the consumption (upper limit) or on the generation (lower limit), or even on both. It could be considered to be followed if the limits are not over passed, or it could even be considered partial fulfilments depending on the consumption with regard to the given reference. Note that for the same need, the reference curve will depend on the way the request of the buyer is formulated. For instance, Figure 20 and Figure 21 show the difference between a product request based on “increments” or “modifications of the load profile” and a request based on the load profile itself. In the first case the reference should be based on the forecasted load curve and the performance will be assessed in terms of the load reduction (see Figure 20). In the second case, the reference is the “zero reference” and the performance will be assessed in terms of the load profile itself. The procedures to assess performance in each figure when a location restriction exist in the product (e.g. regulated player requesting the service), will be calculated in a different way than for those cases where there is no location restriction. The following paragraphs analyse each case and propose a solution.
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Revision 1.0 Forecasted S.O. Curve at a node with 200 consumers



Aggregator A Estimated: 110 kW Flex capacity: 30 kW Offered: 30 kW



Estimated: 200 kW Objective: 150 kW Request: 50 kW



Aggregator B



Estimated: 110 kW Flex capacity: 30 kW Offered: 20 kW



Figure 20. Request for a service by a DSO based on increments/modifications



Forecasted N.O. Curve at a node with 200 consumers



Aggregator A Estimated: 110 kW Flex capacity: 30 kW Offered: 30 kW



Estimated: 200 kW Objective: 150 kW Request: A: Limit to 80 kW B: Limit to 90 kW



Achievement?



Aggregator B



Estimated: 110 kW Flex capacity: 30 kW Offered: 20 kW



Achievement?



Figure 21. Request for a service by a DSO based on “zero reference” or volume limits Assessment of a product delivered without location constraint This case needs to be studied considering two alternatives, the first one is when the retailer and the
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Revision 1.0 aggregator are different entities. The second is when both are the same player. -



Retailer and aggregator being different players In this case, the challenge is to identify for a group of consumers having a retailer, which is the share of reference for each aggregator involved. This information is critical for the later assessment of the service. Several alternatives could be applied but the responsibility for this task, cannot be given to retailers nor aggregators, since considering they are deregulated players, their competitive spirit will lead to strategies for taking advantage of the final results. For the following assessment proposal, it is therefore assumed that there exists a well-defined standard procedure for this assignment, which is accepted by all participants as shown in Figure 22. It might be assumed that this analysis can be performed by each player on its own, following the “official directives” in order to avoid big data transfers among players for performing this task. The prerequisite is that every player will have access to the metering data those consumers with whom it has a contractual relationship.



1 Before Delivery



Forecasted retailer A demand (gate closure) Shares of demand assigned to each aggregator (B and C) sharing customers of retailer A



3



2



Retailer A: Evaluation of deviation due only to its own strategy



After Delivery



Black: Forecasted Delivery Red: Final Delivery



Retailer compares forecasted and delivered energy Aggregators C and D compare forecasted and delivered energy



Aggregator B: Evaluation of flexibility sold in markets



Aggregator C: Evaluation of flexibility sold in markets



Figure 22. Assignment of aggregator demand shares, and flexibility assessment Once the delivery of both energy and flexibility services is finished, it starts the assessment on its own as displayed in Figure 22. The fact that retailers and aggregators can be different players imposes a constraint at this stage.
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Revision 1.0 Following considerations need to be made: o Each aggregator will have to report flexibility sold (volume) as a product associated to each retailer sharing consumers. o For each aggregator, it should be evaluated the difference between forecasted and real energy delivered and cross check it with requests. o Regarding retailers, their deviation should be evaluated weighed with the flexibility sold in their area of responsibility. As it can be seen in Figure 22, there are several issues in this procedure that need to be fixed and will probably depend on regulatory issues and on the information available for each party. This arrangement becomes complex and it needs to consider a number of assumptions, which might lead to inefficiencies or disagreements between players. -



The aggregator is a retailer The advantage of this alternative is that assessment is fully assigned to only one player. In this case, typical retailer deviations are mixed with packages of flexibility sold and now, net difference between forecast and real energy sold will be made up of both, energy deviations and flexibility sold. They could compensate each other for the advantage or disadvantage of the retailer but regarding other players, the assessment can be calculated through a clearly stated procedure.



1 Before Delivery



Forecasted retailer A demand (gate closure) Aggregator flexibility, internally calculated and sold in markets



2



After Delivery



Black: Forecasted Delivery Red: Final Delivery



Differences between forecasted and real consumption are due to: • Deviations • Flexibility sold (both assessed together, can be compensated by each other because is inside a single participant)



Figure 23. Assessment of combined retailer-aggregator flexibility Assessment of a service with location constraint The difference compared to the previous study is now that a new restriction (the location of the service) appears. This new restriction implies that the analyses done previously will have to be made
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Revision 1.0 at the level of the area where the product has been negotiated. Figure 20 and Figure 23 explains graphically the service alternatives and its assessment, which will be studied. In this case, the situation will be as follows (the list of steps here is focused on the assessment stage): - A player needs an AD service at an area level (Local, Macro, town hall, or whatever it might be). - This area clearly identifies a number of consumers, which can be referred to by a list of reference codes, which will be added in the request. - Aggregators make offers for the AD service. Offers include for that area the flexibility to be negotiated and if not previously stated, the reference power curve. Processes of market closure, validation by network operator and approval take place. - The delivery of the service is done. - The players assess the delivery by comparing the reference power curve, the contracted service and the real power curve. The needs for the service itself can be seen from different points of view. If the size of the area is big enough as to be able to link the products being sold with energy sold in markets, the assessment procedure can be very similar to that on the previous stage (no location constraints), since a reference is already given in such markets. However, if the need is bought by a network operator with area conditions which don’t match existing markets, it needs to be clearly stated the reference consumption curve for the selling of the product. In this case, as mentioned before, the product could be sold either based on a zero reference curve or based on a well-defined reference. The following issues will have to be considered when selling the product based on increments (or on modifications of the load – see Figure 20) with respect to estimated load curves: -



The reference curve of the service needs to be known in advance. In this case, if the buyer is a network operator, either its own forecast may be considered as a reference or the one from the aggregators. Since it is very likely that aggregators will be experts in consumer behaviour, they can probably have more accurate forecasts on consumer profiles and estimate therefore the load curves. This will have to be given to network operators for each aggregator and area code. Even if no service is requested, this information is useful for network operators, and therefore a periodic update of it should be established. Considerations on aggregators taking advantage of expected needs for changing such forecasts reports to other players should be considered as well.



-



Having aggregators with little participation on an area might be a problem, because their estimations could have large uncertainty and maybe they don’t want to take the risk of estimating load curve and flexibility for such small areas. This means that a consumer with high flexibility might not participate in offers if its aggregator considers it too risky. The consequence of this is that such constraints would not promote competitiveness because probably the consumer would switch to that aggregator with higher share in the area.



-



The amount of data to be transferred between network operators and aggregators, might be very large, and might also disincentive them to participate in products in such conditions.



On the other side, if those services are sold based on a “zero reference” curve, and therefore based on limitations, assessment should consider the following points: -



In this case, no reference curve is needed. Each aggregator should be able to estimate the limitation to offer and network operators will take those for fulfilling their requirement.



-



However again, such limitation might be difficult to be given a price. An aggregator could offer one easy to achieve at a high price. That means the network operator probably will cross check an
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Revision 1.0 aggregator proposal with its own forecasts for consumers belonging to them so as to assess that the offer is sensible. -



The assessment process after delivery will be very clear for all participants. The network operator will sum up all consumption for each aggregator and will compare it with the limit that was originally negotiated. Depending on if service offer is achieved (assessment itself), the settlement will be later done.



F.7.2.2



Assessment from the consumers side



The assessment of the service provided by consumers is discussed in this subsection. Different processes might be considered. Services based on price signals Price signals can apply for the total amount of energy consumed during a time period or based in bands of consumption (power bands, e.g., one price for base load and an additional price for the rest). The price signals can be sent for different horizons, for example, beginning the next hour (≥ 15 min ahead), for the next day, etc. If they are given for a longer time period, the Energy Box can optimise better load allocation to different time periods. However, the result can then be that for certain time periods there is not any flexibility left for activation with short notice. Assuming the aggregator is not the retailer of the consumer, price signals are somehow complex, they apply for the energy flexibility, and therefore only increments/modifications of energy consumption will be assessed with reference to a value. This value could be the consumer profile, or a base load previously arranged with the consumer (or even sent by a signal on real time, however in this case, the aggregator might want to receive it periodically no matter if the service is being requested, so as to have a better knowledge of the consumer and avoid them to take advantage of single specific signals which might be forecasted by consumers). No matter which alternative is used, the comparison of energy between metered data and agreed values will deliver the assessment result, which will be remunerated (or charged?) to the consumer based on the agreed prices. If an aggregator is also a retailer, the settlement process becomes easier, and all alternatives on price policies are assessed together. Actually the relationship regarding price signals can be seen as a RTP (real-time pricing) product. They will include all the energy consumed, although possibly split in periods of time and bands of volume according to contracts. Additionally some incentives might be considered when the load didn’t exceed a limit (upper or lower) set by a flexibility request. Altogether, services based on price are evaluated by clearly established rules. Every calculation will have to be well recorded and identified, so that this can be clearly stated at the invoicing stage. This proposal considers all alternatives previously mentioned such as critical peak pricing, time of use tariffs or any combination of them. Further details on the data sent between the Energy Box and the aggregator and the use that can be made of it will be studied. The advantage of price signals is that they are easy to understand by consumers. Energy and its peak values are just translated into money based on agreed prices. The disadvantage of price signals comes when they vary a lot. Consumers will probably want to understand invoices and be able to cross check them (additional data in their bill or availability to have it). That means, every change in price at a timeframe will have to be included in the invoice. A consumer would probably want to compare total price charged for energy considering all specific contractual issues with what it would have paid with a standard contract. Even more, the aggregator might want to do this comparison and report it to the consumer, whenever this is translated into a save
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Revision 1.0 of money, this will directly be an incentive to the consumer, otherwise, if the comparison is negative for the consumer, an alarm should be raised at both, aggregator and consumer, since this will be an indicative of bad policy for engagement of consumers into Active Demand. For those cases, when the delivery time is shorter or needs a higher resolution than data recorded by the meter, its information on energy would not be enough to assess performance. In this case, it is proposed to consider periodic power measurements instead of energy measurements as considered in the following section. Alternatives based on price offers from consumers to aggregators are not considered here and may be further studied in the implementation stages in the project. Services based on volume signals When volume signals are sent to consumers, the assessment will be done based on the comparison between such volume signals, the forecasted consumption (based on a reference value agreed by both) and the total energy consumed at a time (metered data or periodic consumption snapshots, as described in the previous section). Figure 24 shows two sources of volume comparison for assessment, the one in the left is metering data (likely to be hourly or intra-hourly data). The picture on the right shows assessment performed based on other periodic information (max, average of P, Q, V, I likely to be received by aggregator during a service delivery). As shown in Figure 24, if a specific request is followed and the consumer doesn’t overpass the requested volume limit, the assessment process will consider the request has been fulfilled by the consumer. Volume (kWh)



Volume (kWh)



Forecast



Instant power (kW)



Metered data



Volume (kW)



Forecast



Meter snapshot data



Achieved?



Achieved?



Start



End
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Maybe different prices depending on volume as well



Start



End



Figure 24. Volume Assesment If the comparison results in that the consumption was over the requested volume limit the aggregator will assess such request as not followed. This information will be recorded (achievement yes or no, together with the quantity of energy over the limit) and will be later used for settlement. In this case, if the consumer attempts to follow the request, but he/her does not succeed, reward is not given (other alternatives could be considered if the aggregator wants to reward partially followed requests). As mentioned before, this volume requests could include price information. In these cases, on one side, this price will be used at settlement as well (otherwise, the rewarding policy might be based on fixed bonus or more simple strategies), on the other side, the Energy Box algorithm should be able to
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Revision 1.0 consider this parameter as well in the optimisation process. Two alternatives are considered here depending on the service request timeframe: The first one is when the service can be measured by the standard hourly metering data. The second one is when the service is shorter in time and needs to be assessed through the periodic energy consumption snapshots the meter is eventually sending to the aggregator. In the first case, the assessment doesn’t require any additional information than the one the metering company should be sending to the aggregator. In the second case, the aggregator requires information retrieved by the Energy Box for assessing the service. This situation can be done by sending the raw information to the aggregator (power measurements) and cross checking it through a process at the aggregator’s central system. As an alternative to this procedure and depending on the Energy Box, assessment could be calculated through a similar process locally at consumers’ facilities. Then this information would be packed and sent upstream to the aggregator for settlement and invoicing. F.7.2.3



Payback effect assessment



The energy payback effect will be assessed in a similar way to the product itself. Based on a given reference, the aggregated energy consumption change (flexibility) after the delivery should be kept under a limit established in advance. Aggregators will try to manage the request to consumers in order to stick to the energy payback effect requirements. This may be done by: - Splitting a product into smaller time periods for generating the requests to consumers, so that the energy payback effect is minimised. - Requesting counter effect requests after the product delivery, again for minimising it. - Mixing different types of signals, for imposing consumers’ payback effect conditions as well, transferring aggregators commitments to consumers. F.7.2.4



Summary of aggregator performance assessment



Table 25 and Table 26 summarise the analysis carried out for the different assessment alternatives.



Table 25. Summary of assessment with respect to consumers Product



Signals to consumers Price signals.



Request for flexibility to the consumer.



Volume signals.



Copyright ADDRESS project



Summarized conclusions -



Easy to understand by consumers (need for reporting it).



-



Price stands for energy flexibility: reference needed by the consumer.



-



Depending on time duration, assess it through metering records or use instant measurements (different communication requirements).



-



Need for setting up the assessment rules between aggregators and consumers.



-



Assessment can be measured based on energy consumption or on periodic power measurement.



-



Volume and price signals can be combined: base loads at different prices.
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Revision 1.0 Table 26. Summary of assessment with respect to other players Product



Conditions Reference: that of retailers to TSOs.



Domestic consumer load curves as a reference: either fixed or samples SRP or CRP with no area condition. Include the reference curve in the request.



Reference is the consumption previous to the request.



Summarized conclusions -



Aggregators and retailers might have different forecasts.



-



Is not known in advance, retailers could take advantage of it.



-



Reference is given aggregated A guide for splitting it up among aggregators should be included.



-



Is the aggregator responsible for aggregating these curves and then use aggregated data for assessing the product with other players? Aggregators won’t probably want to report the details of the consumers involved (this is in their core business).



-



Selection of the sample needs to be fair.



-



Consumers in the sample should be able to participate in AD as well.



-



Differences between real consumers and samples will take place anyway.



-



Makes requests more complex.



-



The reference must be linked to an area, node, consumers, etc.



-



Reference for retailers and for aggregators becomes different.



-



Who sets it? On which basis? Could some player take advantage of it?



-



For short term request could be appropriate but for medium term requests consumers might take advantage of this information.



-



Is the aggregator responsible for aggregating the reference to the buyer?



SRP or CRP with area condition



Reference common for retailers and aggregators.



-



In this case, assuming aggregators different to retailers leads to uncertainties on the reference curve for each of them and the assessment of the product.



SRP or CRP with area condition. “zero reference” (load limit).



Reference is given as a limit not to overpass.



-



It must be clarified the split in requests among aggregators involved: Is this done by the buyer?



-



Once requests split, assessment is straightforward.



F.7.3. Considerations when the aggregator is a retailer The main differences from the performance point of view of having both roles, aggregator and retailer merged into a single player can be made as a combination of the differences described in previous sections. Since assessment is the last stage of the process, it is made based on previously described relationships and processes. Following a similar approach as in the above study, considerations can be made with respect to consumers on one side and with respect to other participants, on the other. With respect to consumers, main differences would be as follows: - Since management of consumers’ flexibility is merged with the management of energy, assessing it together eliminates the reference issue between the retailer and the aggregator, the flexibility can be considered as energy at different base loads with different prices changing along time. Inconsistencies between messages sent to consumers by aggregators or retailers disappear
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-



-



(those inconsistencies could bring conflicts among aggregators and retailers which now disappear as well). Regarding recording of measurements for the assessment, no big difference exists. Real time information will be sent to the aggregator-retailer (formerly only to aggregator) but the reporting of metering information will only be sent to one (the combined player). If any report on how the assessment is done needs to be reported to the consumer for the invoicing, this will be eased when it combines both flexibility and energy and probably the retailer will manage to explain better how these services are invoiced.



With respect to other players: - As mentioned before in this section and also in section F.2.3.4 dealing with the markets, the reference value will be common for the combined player. For those services not requiring location, position at the gate closure could be used as reference to be compared with the sum of metering data for performance assessment. - At least differences between aggregators and retailers forecasts disappear now. If reference used is that of the retailer, the aggregator role integrated into that player will have no reason for complaining about it. - Provided reference curve is in this case easier to be agreed among players, the combined player will have to cope with retailers role deviation and aggregators role deviation mixed together. This task is now eased significantly since there will not be combinations of retailers, aggregators and consumers: summing up all consumers information belonging to a retailer gives the aggregated demand curve used for invoicing energy, flexibility and deviations from that player with respect to its positions in markets (energy and flexibility markets). - Conflicts of interest between aggregators and retailers disappear. Any penalisation or compensation assessment, which could be needed between retailers and aggregators, is not needed now. - The two previous points becomes even more eased when location constraints are involved in the request. In this case, considering aggregators and retailers different players implies clear assignment of energy and flexibility assessment to each player at a level of detail (few consumers) in which measuring retailers and aggregators deviations might lead to conflicts among them. Regarding the relationship between other deregulated players, when retailer takes aggregator role, no “new player” needs to establish relationship with existing participants for assessment issues. Energy (currently done) will probably be mixed with flexibility assessment.



F.8. Consumers’ flexibility This section describes the capabilities and potentials in terms of flexibility and service provision of Distributed Energy Resources (DER), including loads, DG, RES and storage, installed at consumers’ premises. DER flexibility is the resource used by the aggregators in getting AD products into markets.



F.8.1. DG, RES and storage technologies at consumers’ premises The technologies that have been discussed in the project are those, which can be applied at consumers’ premises and connected to low-voltage networks. Analysed technologies include: - Electricity production technologies. - Electric energy storage systems. - Heat/cool storage systems and solar heat connected to heat storage systems.
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Plug in vehicles at consumers premises considered as electricity loads, generators and storage systems.



F.8.1.1



Electric production technologies: DG and RES



The characteristics of the generation systems that were discussed in the project are summarized below: -



Internal combustion engines: o They are based on a mature technology, reliable, with contained capital costs and good flexibility of use, but with high maintenance costs, high noise and high emissions (NOx and CO). o Electrical efficiency varies between 20 and 50% depending on the size and operating point. Total efficiency is around 70-85%. The specific cost is about a thousand of euros / kWe for sizes > 10 kW, increases for small sizes, around values of 5000 - 6000 € / kWe for systems of a few kWe.



-



Gas micro-turbines: o These new systems are characterized by a variable and high-speed turbine rotation (50,000 ÷ 120,000 rpm). o Electrical efficiency is 15-25%, total efficiency ranging from 70 to 90%, the specific cost is comparable to those of internal combustion engines. The dimensions and weights are relatively low and so are noise and emissions.



-



Stirling engines: o They operate in a gas closed-cycle with external combustion and use various types of fuels, with low noise. The gaseous emissions depend on the fuel used. o These engines have high capital specific costs (about 3000€ / kWe), but are characterized by reduced planned maintenance. Since start-up times could be quite long with respect to installed power, this system could provide a base-load service. Electric performance is around 10-25%, but these systems have high thermal efficiency, total efficiency often exceeding 90%.



-



Fuel cells: o They are characterized by good availability of exploitable heat for cogeneration, good scalability with high efficiency under partial loads, reduced pollutant emissions, no moving mechanical parts and reduced noise. o Electrical efficiency range between 30 and 50%, total efficiency between 70 and 85%. The specific costs of the cells are about 4000-5000 € / kW,



-



Biogas/Biomass: o Bio-fuel production and transportation costs represent a relevant barrier for the dissemination for this type of generation. The size of the principal current biogas/biomass power plants are, moreover, not so suitable for small applications.



-



Photovoltaic: o It is based on a clean technology and it is, moreover, very well suited to providing access to energy in rural areas, providing also economic opportunities. o Average current capital costs for PV plants are 5000 – 7000 €/ kW, operation yearly operation costs are around 60-80 €/ kW (1-1.5% capital costs).



-



Wind: o



It is clean and fuel-free.
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Current average total installing costs are around 6000 € / kW with 1100 €/year for operation and maintenance costs.



Typically household cogeneration systems require high availability, often with periods of continuous operation, in order to be able to be considered useful. Factors such as malfunctions involving unforeseen maintenance costs reduce the advantages of such systems. Thus, while the CHP systems with internal combustion engines meet household’s needs and are already widely available on the market, with benefits and costs well-established, the micro-turbine systems and Stirling engines need further studies in order to make them more suitable for market’s requirements. The fuel cell systems are, however, for a large part, still at the prototype stage and have yet to complete testing on experimental facilities. On the other hand, with respect to their potential in terms of efficiency, noise and low emissions, the Stirling engine systems and Fuel Cells are considered the solutions of the future for domestic users. The costs of these systems are indicative of their current trading conditions, but the forecasts for the next five years give a significant reduction due to their entry to the mass markets. It is possible for CHP (Combined Heat and Power) systems to integrate Active Demand functions; however this is restricted due to several issues. To obtain a so defined high efficient CHP system, the use of the produced heat is crucial. Also, generally, micro and small-scale CHP units show weak partial load efficiency. Both facts lead to base load role for CHP with between 4000 and 7000 operational hours per year. This results into a low level of AD functions. Compatibly with thermal production process constraints and with load reduction capability, services can range from peak shaving to tertiary reserve and voltage regulation, up to support in islanded conditions. Regarding the generation systems from renewable energy sources (PV and small wind), they are not dispatchable; their availability and flexibility is closely linked to the capability of coupling them with storage systems. Current technologies do not allow generators using renewable energy sources like sun or wind to deliver ancillary services. However, in the case of power electronic interface to the grid, a fourquadrant inverter could be adopted to contribute to voltage regulation and power quality support in the distribution system. Due to the strong stochastic nature of this type of renewable energy, integrating AD functions is possible only in the case energy storage is included. Heat and perhaps electricity storage systems thus become of higher importance for AD function integration. F.8.1.2



Energy storage systems at consumer level



Energy storage systems will have a key role in an efficient distributed energy management. Most of the problems of power quality, distribution reliability and peak power management may be solved with energy storage systems. They give new possibilities for demand side integration, and for energy cost control at consumer level. Cost effective, smart energy storage systems give potential for building energy management especially when they are used with CHP production systems such as fuel cells and micro turbines. Energy storage systems also provide possibilities to manage uncontrollable power production in renewable energy generation systems such as photovoltaic and wind power systems. Uninterruptible power delivery can be essential even in single family houses for example when they are used as a home office with computer systems or they has critical medical equipments that could be more Copyright ADDRESS project
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Revision 1.0 common in the near future. Energy storage systems in residential applications include the storage systems that provide electric power output: - electricity to electricity storage systems like capacitors or super-capacitors, - mechanical power to electricity storage systems like flywheels, - electrochemical storage systems such as batteries and flow batteries. Super (ultra) capacitors and flywheels can provide fast power response needed for distribution line stability and power quality support (reactive power and voltage control, fault current limitation). Flow batteries like vanadium redox batteries can fulfil variable power and energy demands. Batteries, flywheels and capacitors are suitable for energy management, peak shaving and for mobile power applications. Thermal energy storage systems are used in heating and cooling systems. Thermal energy can be stored as sensible heat, latent heat and chemical energy. They can also provide ancillary type reserve services for local and district thermal energy production systems. Advanced thermal energy systems for heating and cooling provide possibilities to integrate AD functions. The use of energy storage systems is pushed by increased demand for energy efficiency, decrease of CO2 and of other emissions, and increased exploitation of renewable resources like solar power. Anyway, most of the technologies in use today are still under intensive research and development. A comparison between the various technologies was made in terms of the most important technological characteristics. The comparison shows that each storage technology is different in terms of its network applications, and the energy storage scale. In order to achieve optimum results, the specifications of the storage device have to be studied accurately, before the final storage type selection. The current storage costs are still high. The electric energy lost in energy storage drives up the overall costs together with the required capital investment for the energy storage system. These costs will tend to decline with increasing degree of market acceptance. F.8.1.3



Plug-in Electric and Hybrid Electric Vehicles (PEV and PHEV) as energy storage



The future perspectives of PEV and PHEVs are obviously linked to batteries development. Specifically: -



Lead-acid batteries are characterised by very low cost and high weight per stored kWh. Their technology is very mature, but their poor technical performance makes them progressively obsolete for the application onboard vehicles.



-



Nickel-metal hydride (NiMH) batteries have far better performances than lead-acid ones, and considerable higher cost. Today they are considered more cost-effective than lead-acid batteries but, when compared to lithium batteries, they are considered to be losing in the medium term, even if today they are more mature.



-



Lithium-based batteries may be classified into several different subtypes, having in any case higher specific energy and power than NiMH, with comparable costs. However, in the size needed onboard vehicles they are not an as completely mature technology as NiMH.



-



Na-NiCl batteries are hot batteries operating at about 230°C. They are both mature and costeffective for fleet operation, while for private vehicle are penalised by the need of continuously absorbing power from the mains to be kept hot.



If all the above considerations are simultaneously taken into account, the best candidate batteries for near future electric vehicles is constituted by lithium batteries.
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F.8.2. Consumers’ loads and their flexibility A first broad classification of loads can be made according to their capability for being shifted or not. Shiftable loads are those that can be consumed at any point in time, whose total consumption of energy is independent from the period at which they do it but they have to be consumed completely for achieving their function. An example of this kind of load is a washing machine. This flexibility can be used for planning their activation in low price periods or to avoid peak consumption periods. Non shiftable but curtailable loads are those loads that once interrupted, the energy that they were going to consume is saved and it can not be consumed at a later point in time. An example of this kind of load is a light. Depending on the load this flexibility can be used to reduce consumption in peak periods but it may have a direct relationship with the comfort of the user. More specific control types are described in the following paragraphs. Current appliances have different types of functioning conditions with different degrees of energy efficiency that give different consumption patterns which may be used to provide flexibility of use. Dishwashers are examples of this class of flexibility by incorporating different kind of operation modes like normal or ecological mode. Taking into account the characteristics of appliances, the following control actions have been identified: - Start/stop completely the execution of an appliance with or without scheduling it to another time period. - Modify the consumption pattern of the appliance by activating it in a higher efficiency consumption pattern. - Interrupt the appliance operation at intermediate stages when the interruption does not affect a later continuation. - Interrupt the consumption of appliances in a stand by operation. - Modify the settings of comfort control devices of appliances in such a way that without affecting too much the comfort a reduction in consumption is achieved. - Utilisation of the thermal energy storing capabilities of buildings or specific storage systems. The effect of the control actions together with the power reduction that they achieve will have to be taken in consideration: -



for the classification of the pieces of equipment from their flexibility point of view and



-



for the design of the algorithms, which upon reception of an external signal decide on the more beneficial action to apply.



Therefore, the power and energy impact of the action taken can be classified according to the following criteria: - The action reduces the consumption by a certain percentage and there is no effect when the control action is finished. For example, switching the lights off or lowering their consumption. - The action reduces the consumption by a certain percentage but it has a pay back effect that depends on the duration of the action. For example, a fridge or an air conditioning system. - The action reduces the consumption by a certain percentage for a certain duration but it increases the total energy consumption of the appliance in a certain percentage. For example stopping the heating cycle of an appliance, for a certain time, would require heating it again.
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Revision 1.0 The types of loads that have been considered are the ones corresponding to the residential sector and to the small commercial sector. They have been identified as follows: - White Goods: washing machines, dish washers, dryers, ovens, cookers, fridges/freezers. - Air conditioners. - Water heaters. - Heating systems. - Consumer Electronics: PCs, TVs, Music systems, etc. - Lighting. - Electric vehicles. - Others like pumps for subterranean water and irrigation, saunas, etc. The following load types seem to be the most promising ones for their integration into AD activities: - Those loads with thermal inertia provide good characteristics for load curtailment or interruption. These loads include: air conditioning systems, space heating and water heating. - Within the white goods classification there are devices where load shifting or interruption can be applied without affecting too much the user’s comfort and behaviour. These loads include: washing machines, dryers and dishwashers. - Electric Vehicles could also be good candidates for AD (even if in the ADDRESS scope they will be considered as loads only). Other load types such as fridges and lighting offer less capability to be controlled from the ADDRESS concept point of view; anyway, their use for specific control applications could be useful. In case of agricultural loads, their management could be useful in regions where they contribute significantly to electricity consumption. The rest of the loads are not considered good candidates for participating in AD for different reasons. There are loads, which are not well suited for their control due to the discomfort on the users that the control actions carry on them, or because the control actions are very limited in the sense that the appliance functionality will be greatly affected by them. Examples of these are cookers, ovens, and electronic appliances. A list of barriers that could prevent the dynamic control of loads at consumer’s premises is given below: -



Achievement of results: There are loads that if managed improperly could cause that their function are not correctly achieved. For example, in the case of washing machines, if the working cycle is interrupted it could happen that the clothes within the machine are not correctly washed, wrinkles may appears, etc. Another example is that of the water heaters that must maintain a proper temperature of the water, because otherwise bacteria could appear resulting in unhealthy water. Another example is that of the ovens or fridges that if interrupted could cause the food to be damaged, etc. So a careful analysis has to be carried out to determine the appropriate control actions which do not cause any disturbance in the results of the operation of the device being controlled.



-



Technology: In order for the loads to be remotely controlled they must have communication capabilities. The communications will allow sending commands to the loads and receiving status and measurement data from them. In addition, it could be necessary to put some intelligence into the end devices; this latter point will depend on the control architecture to be developed. But it is clear that today existing appliances must be improved in terms of their communications and local control capabilities.



-



Discomfort: The control of certain loads can cause discomfort to the users. For example an air
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Revision 1.0 conditioning system or a heating system is used to maintain the temperature in the house to a certain level as wanted by the user, changing the temperature set point could cause discomfort to the consumers. The range and duration of the temperature set point modifications should be maintained within limits that are known not to produce discomfort. That is, 2 to 3 degrees of temperature deviation during a limited duration of time is feasible but action outside that range shall not be considered. Other loads, which control is problematic from the comfort point of view, are the ones related to lighting. It is not acceptable for users to have unexpected variations in light intensity and for the residential sector this seems to be not feasible. -



User behaviour: Users have their own behaviour regarding when they want to use certain loads. In case of washing machines, dishwashers and other appliances, it is acceptable for the user to have a certain range in time when these loads are activated. Anyway, the user must have the control for setting the periods of time when the appliance is going to work. Other load usage is completely restricted such as: TV, cooking devices, office devices etc. The user will switch on and off the devices as he wants and the control possibilities are very limited.



It can be concluded that even if AD actions are going to be put in place, the consumer shall keep the control of the settings of the system in the way that the consumer shall be able to set the time periods, comfort settings, number of control actions etc., that it is willing to have. Additionally the consumer should be given incentives (in terms of payment, bill reduction, CO2 tons saved or whatever) that it will receive for making its loads more or less prone to be controlled.



F.8.3. Aggregated flexibility at consumer level The aim of this subsection is to achieve knowledge of the aggregated profiles of consumers and of their flexibility in order to contribute to the provision of services to other participants through the aggregators. Consumers are analysed according to their monthly consumption on one side, and according to their hourly consumption on the other, ending up with a classification of all the consumers. The approach has been to group consumers into clusters with similar behaviour. These clusters will be used to identify consumers who are most suitable for consumption management and therefore for AD. The most detailed studies were made for Spain. In addition to that similar studies took place in two other European areas (Finland and North of Italy). Additionally to the aggregated load profiles studies, an analysis of the different appliances that are present inside the homes has been done. It shows the level of penetration of each appliance in the houses along with the time and profile of use of each one, yielding a hourly probability of use of each appliance in the house. This information will be linked with consumer profiles in order to identify the available flexibility or the share of consumption that can be manageable to provide AD. The objective is to end up with a description as detailed as possible of each consumer cluster, both in terms of total load profile (or prototype) and in terms of manageable load profile. As an example ten hourly consumption prototypes (clusters) per season for working days and ten per season for holidays have been defined to classify consumers in Spain (see Figure 25).
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Winter
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Figure 25. Seasonal working days prototypes (clusters) in Spain According to the prototypes (clusters), it can be concluded that in winter the consumption is higher than in the other seasons, whereas in summer, the consumption is the lowest one. It can be seen that the shape of the curves are very similar. Consumers have similar consumption during all the year. The domestic consumption has peaks patterns in the similar periods of the day. A flexibility indicator for each prototype has been derived in order to estimate the manageable consumption per consumer. This indicator connects the hourly consumption to the energy per prototype and consumer that can be managed to provide flexibility as can be seen from Figure 26.
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Figure 26. Manageable Consumption (lower part of the curve in red) and unmanageable consumption (upper part of the curve in blue) per prototype in Spain – Summer (total consumption = red+blue)
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Revision 1.0 This indicator is built taking into account the probability of use of some consumers’ appliances during the day. This probability of use is converted into energy and then summed up for each day, and then the hourly flexibility index is calculated proportionally to the hourly load per profile. For each prototype, (see Figure 26), this flexibility indicator takes therefore a different value according to the probability of use and the hourly consumption. Similarly, in Finland, load profiles for different consumer groups were defined and on the basis of appliance load curves the aggregated load curves for different consumer types were estimated as can be seen below in Figure 27 which gives an example for two types of consumers.



Figure 27. Estimation of the winter (January 14th) average load curve composition for a detached household with no electric heating and for a single apartment in Finland As an application, the total aggregated load curves for the whole residential sector were estimated by consumer type on one side and by end uses on the other side. The results are given in Figure 28 for a weekday, a Saturday and a Sunday in the winter season. This will give useful indications on the most promising consumer types for aggregators.
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Figure 28. Aggregated winter load curves for the residential sector divided by housing type and end-uses in Finland
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Appendix G. Process for the calculation of the price and volume signals exchanged between the players for AD exploitation Referring to the organisation of the appendices, -



Appendices C, D and E have described the regulated and deregulated players taking part in the ADDRESS architecture, the AD services that can be provided to them, their interactions and the signals exchanged in relation to the service provision.



-



Appendix F has described the aggregator, its relationship with consumers and the Energy Boxes, as well as the consumers’ demand flexibilities.



Now Appendix G describes a process for the calculation of the price and volume signals based on an optimisation approach, which the various markets participants may use. As such it gives algorithms that may be implemented in the participants’ business processes. More specifically, Appendix G first presents the general approach, along with the processes for the regulated and the deregulated players in Section G.1 and the rationale of the process in Section G.2. Then the optimisation formulations are given for both SRP products in Section G.3 and CRP products in Section G.4. Finally two examples of the application of the proposed calculation process are provided in Section G.5: one regarding a SRP for the Decentralized Producer and the other for a CRP for the Centralized Producer.



G.1.



General approach



Each player in the electricity system has his own stakes (or “fundamental needs” or “critical factors of success”). It gives relative importance to each one; in other words it gives them value. In order to meet the needs generated by its stakes, it is willing to spend effort and money. But the player generally has different alternatives: for instance it may invest in a new asset, or change its operating procedures, or buy services, or do nothing and be willing to pay the associated fines for non-fulfilment of an obligation. In ADDRESS, we are supposing that active demand (AD) can meet some of the players’ needs, and that if a player (or group of players) has given to its need a value that is larger than the cost of an AD solution, it may be willing to implement it (or buy the AD product which provides the corresponding service). However it is not certain that AD will be the best solution to answer any given need. In fact, the AD solution will be in competition with all other possible solutions and the choice will result from a comparison of both efficiency to meet the need and the cost of the different solutions. For each of the services or their corresponding expectations/needs, evaluating the cost of the other solutions and the expected economic gains or savings that the use of AD can bring will help to determine the price the player may be willing to pay for an AD service and therefore the price signals to be exchanged. Of course the AD solution valuation process also has to take into account the technical characteristics (power, energy, time) as well as non-technical characteristics (communication, predictability, contracts, tariffs) of the needs because these cannot generally be dissociated from the economic aspects, since at least they have an impact on the cost of the solutions.



G.1.1. Process for regulated players Figure 29 shows the basic process considered for regulated players. It involves the following steps: 1. Identification of a need or of a problem by the DSO/TSO. Copyright ADDRESS project
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Revision 1.0 2. Characterisation of the need/problem and -



Determination of the technical requirements to meet the need or solve the problem, e.g. the volume of power needed which will be calculated using the tools of the DSO or TSO.



-



Identification of possible solutions which could be:



-



o



A network solution, e.g. modification of topology.



o



Active Demand solution.



o



Other alternative solutions provided by third parties through the markets, e.g. change of DER set point.



Calculation of the price the DSO/TSO will be wiling to pay. The price will be calculated using an approach like the one proposed in Section G.2.



DSO or TSO Player



Need A



Needs and technical requirements generated by Need A (MW, MWh, kV, Hz, sec, …)



Organized Markets



Active demand solution (s) meeting technical requirements for Need A



Other alternative solutions meeting technical requirements for Need A



Other solution Cost



AD solution Cost



AD solution Cost < Other Solution Cost



Go / Not Go



Figure 29. DSO/TSO process 3. Request for solutions on the market. These requests could be made in very different ways: -



Through organised markets, such as tertiary reserve markets managed by the TSO or others new markets that will be created.



-



Through calls for tenders designed to provide the network operators (TSO and/or/together with DSO) with the services they need at required conditions (area, size,..). These requests could be set in different time horizons with variable negotiation gate closures (annual, day-ahead, hour-ahead, …), and with different activation times and durations of the
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Revision 1.0 services. 4. Except if it exists a separate market for the Active Demand, the DSO/TSO receives at least two different answers from the market, AD solution and generation solution. 5. The DSO and the TSO check the technical feasibility of the received solutions. 6. Comparison of the cost of these solutions. 7. Make a decision.



G.1.2. Process for the deregulated players Figure 30 shows a schematic representation of the optimisation process for the deregulated players. It is similar to the previous one, except that in the case of the deregulated players, economic profits are the main objectives of their activities. Therefore the decision that they will take will depend not only on the comparison of the costs of the different solutions but also on the consideration of the expected profits that these solutions can bring them.



Player 1 Needs and technical requirements generated by Stake A (MW, MWh, kV, Hz, sec, …)



Active Demand range of solutions



Other alternative solutions



Active Demand solution(s) meeting technical requirements for Stake A



Other solution(s) meeting technical requirements for Stake A



Cost of AD solution(s)



Cost of other solution(s)



Stake A



Value given by Player 1 to Stake A (avoided cost/added revenue)



Value > cost ? Go / No go



Figure 30. Deregulated players process Basically, the process involves the following main steps: 1. Characterisation of the stake 2. Determination of the specific needs along with the corresponding technical requirements (e.g. power, duration, etc.) 3. Search for solutions that can meet the technical requirements among the whole set of possible Copyright ADDRESS project
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Revision 1.0 solutions; AD being one type probably in competition with other possible solutions (e.g. DG-based solution). 4. Assess the potential costs of the retained solutions 5. Assess the expected value or profit that the use of the solutions can bring with respect to the considered stake 6. Compare the cost with the expected value/profit for the retained solutions 7. Take a decision. This process is further detailed and expressed in terms of AD products (SRP and CRP) in Sections G.2, G.3 and G.4 below.



G.2.



Formulation of price and volume signals - Rationale of the process



We consider the case of a market player that is contemplating to purchase an amount u of SRP AD product to satisfy a need at a given future time (i.e. to solve a technical or a commercial problem)59. This problem can be expressed as solving the system of inequalities F (u, x ) ≤ b for u, where x represents a vector of the player’s state variables. That is, the player should find u to ensure that the inequalities are satisfied. The inequalities F (u, x ) ≤ b can represent any number of conditions and requirements, which the player has to satisfy in solving its problem; in other words, it is a vector of constraints. Moreover, F (u, x ) ≤ b models how the SRP product is transformed or used by the player to provide one of the AD services defined in Section 2 and Appendices C and D. Finding some u does not necessarily require any optimisation as the player may know how much it needs to meet its need from experience and field information. However, more realistically, the player should attempt to acquire the optimal amount of SRP, which would maximise its overall profits (and possibly also minimise its own risks). To do so, however, would require an exogenous price for the SRP product. In the absence of an exogenous price for the SRP, this becomes complicated. What the player has to do then is determine up to how much it would be willing to pay for a given amount of SRP, that is formulate its price and volume signals. The signals are indicators of the player’s willingness to pay and willingness to buy. In the actual markets, depending on the settlement rules, the player will earn a surplus in the event the clearing prices for the products are less than its bid prices. We will also see the importance of knowing well the potential benefits of flexibility products for the players. The benefits and their model are a key part of the valuation process. In what follows, in order to describe the general approach, we first present a formulation of the decision problem faced by a certain market player, and then discuss possible algorithmic approaches to address the formulation. Here we underline that in our methodological approach, these two issues are distinct, though obviously closely related to each other. In fact, the first step defines the structure of the mathematical model representing the decision making process, i.e., an optimisation model. The second step specifies how to actually solve the optimisation problem. In fact, for a given mathematical formulation (first point), several different algorithmic approaches can be used to deal with it (second point). These approaches can be very different in terms of computational efficiency, programming complexity, quality of the solution etc. The choice of the most appropriate algorithm depends on several issues, including time constraints (how quickly should the algorithm provide a solution), the computational platform available, the required precision (how close to optimality are we satisfied with, given the time constraints), the structural properties of the player model [7]. 59



This argument is for SRP, without loss of generality. A similar reasoning is applicable for CRP.
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G.3.



Optimisation formulations for SRP



This presents an optimisation problem to the market player, which can be stated as follows: min f (u, x ) ≡ min [π u − B(u, x )]



(1)



Where π, u and B(u,x) are the cost and benefit of using the volume of SRP u, respectively. Specifically: π



Price of SRP, €/MW



u



Volume of SRP, MW



B(u,x)



Benefit of procuring the SRP, €. This benefit function includes the option of doing nothing u = 0 and should reflect the potential benefits of using other sources of flexibility.



Equation (1) is subject to a “generic” set of constraints, which states how the need or needs of the market player must be satisfied by the SRP. F (u, x ) ≤ b



(2)



We note at that stage that (2), is general enough to encompass requirements, which are modelled by equalities as well. This can be done using appropriate combined “greater than or equal to” and “less than or equal to” inequalities.



G.3.1. Analysis of SRP optimisation by Lagrange’s method We will attempt to find the optimal solution to the optimisation problem formulated above using Lagrange’s method. Assigning a Lagrange multiplier vector λ to the constraints above gives the corresponding Lagrangian function: l ( u , x , λ ) = π u − B ( u, x ) + λ



T



[ F ( u, x ) − b ]



(3)



The necessary conditions for optimality are obtained by setting the partial derivatives of the Lagrange function equal to zero (4): T



⎛ ∂F ⎞ λ = 0 =π − +⎜ ⎟ ∂u ∂u ⎝ ∂u ⎠ ∂l



∂B



∂l ∂x



=



∂B ∂x



T



⎛ ∂F ⎞



(4)



⎟ λ=0 ⎝ ∂x ⎠



+⎜



The optimal use of SRP must also satisfy the constraints:



∂l ∂λ



= F ( u, x ) − b = 0



(5)



While the individual multipliers must satisfy the complementarity slackness conditions for each constraint ( i = 1,K , I ).



λi ≥ 0



⇔



Fi (u, x ) = b i



λi = 0



⇔



Fi (u, x ) < 0



(6)



Then, restating the first condition in (4), we obtain:
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π =



T



⎛ ∂F ⎞ λ ⎟ ∂u ⎝ ∂u ⎠



∂B



−⎜



(7)



Equation (7) states that at the optimum the price the player is willing to pay for the SRP product is ∂B adjusted by marginal penalties equal to the marginal value of player’s benefit from using the SRP ∂u



⎛ ⎛ ∂F ⎞T ⎞ imposed by its active technical and commercial constraints ⎜ − ⎜ ⎟ λ ⎟ . It is worth noting that in ⎝ ⎝ ∂u ⎠ ⎠ ∂B



) is not necessarily higher than π. This ∂u means that the marginal economic benefit (or monetarised technical benefit) of consuming the SRP may not be necessarily higher than the associated marginal cost of SRP procurement. theory, the marginal benefit of consuming the SRP (i.e.



Hence, (7) indicates what would be the theoretical maximum the player may be willing to pay for an SRP product. Obviously, that amount depends on the value of u, the desired SRP volume. Any price below the theoretical maximum for the given volume would be acceptable to the player. We re-emphasise here that the SRP product is standardised so it can be provided by any other player, and not just by aggregators. Therefore, a market for SRP with a specific delivery time is made up of many suppliers with different offering prices for the same product.



G.3.2. Process for the formulation of the price and volume signals for SRP More fundamentally, however, one should realise that the optimal price and volume determination problems for any player (regulated and not) are actually interrelated. Therefore, one cannot be solved without considering the other. For instance, when buying SRP, one needs to have a good idea of its potential price to be able to procure the economically appropriate amount, while one also needs to have a good idea of if it is too much paid for. G.3.2.1



Standard solution approaches



The problem in (1) and (2) is generally a non-linear constrained optimisation problem. From a mathematical viewpoint, it can turn out to be hard or easy to solve it depending on the specific shape and properties of functions B(u, x ) and F (u, x ) . In any case, in the literature general approaches to such problems have been largely studied. These include penalty methods and barrier methods, which are described for instance in [7] and [8]. These methods have in common the idea of reducing the constrained optimisation problem to an unconstrained one. In fact, rather than explicitly imposing the constraints ( F (u, x ) ≤ b ), we search among all values of controls u and state variables x, but we modify the objective function with a term, which accounts for constraint violation. In penalty methods, this is done by transforming each constraint ( i = 1,K , l ) into an equality constraint ( Fi (u, x ) − bi + si = 0 through the use of the nonnegative slack variables si ), and putting a cost on the violation, e.g., adding the squared term ( Fi (u, x ) − bi + si ) as part of the objective function, multiplied 2



by a suitable penalty factor. In barrier methods, we add to the objective function a term which is almost negligible as long as u and x are far away from the border of the feasible region, and grows sharply as the border is approached (in our case, the barrier term could be, for instance, a logarithmic barrier − log ( bi − Fi (u, x ) ) . Penalty and barrier methods have complementary advantages and disadvantages. The best choice also depends on the specific functions, as already mentioned. While in principle these methods are applicable to a very broad class of constrained optimisation problems, the specific shapes of B(u, x ) and F (u, x ) may allow for more efficient solution Copyright ADDRESS project
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Revision 1.0 approaches. For instance, if F is a linear system, the feasible region is indeed a polyhedron (a polygon as long as there are only two variables), and this allows to use more specialised algorithms. Likewise, one could even accommodate a mix of continuous and discrete state variables quite easily if B(u, x ) and F (u, x ) are linear convex maps. In our case, since the state variables depend on the control u (the volume of SRP, for instance), x = x (u ) , the feasible region is a collection of strips aligned with the coordinates axes in the π − u plane. Hence, our problem can be reduced to the solution of a number of sub-problems in two decision variables with box constraints on the state variables. G.3.2.2



An iterative solution approach



In what follows, we present an example of an iterative approach, which can be used to address the problem. The effectiveness of the approach depends, again, on the specific properties of the functions, which may result or not in numerical stability and convergence problems when computing partial derivatives. 1. The player forms the system of inequalities F (u, x ) ≤ b to model the technical and commercial constraints imposed by the problem it has at hand. The potential use of SRP to solve the problem has to be included in an explicit manner in the mathematical description. If the commercial/technical problem of the player has a known feasible SRP-driven solution, let us



( ( 0 ) , x ( 0 ) ) , it should satisfy the system of inequalities F (u ( 0 ) , x ( 0 ) ) ≤ b . The



denote it by u value of u



*



(0)



*



*



*



*



is an initial guess for the SRP volume signal. We note that this amount may not be



optimal in economic terms, however. At this stage, the focus is on finding a technically feasible solution to the player’s problem. 2. Next, we set a trial price signal based on the trial value of the volume signal. We set the price equal to the marginal value of the benefit function evaluated at u



*



(0) ,



as directed by the



theoretical analysis found in the previous section:



π



*



(0) =



∂B ∂u



u =u



*



(8)



(0)



The next steps attempt to assess whether the first price and volume guesses were appropriate by evaluating their optimality: 3. We optimise for an updated SRP volume u by solving the following problem, assuming



(u ( 0 ) ,π ( 0 )) : *



*



min π



*



( 0 ) u − B ( u, x )



(9)



While subject to the constraints: F (u, x ) ≤ b



u =u Here



μ



*



(0)



(10)



(μ )



(11)



is another Lagrange multiplier, which is different from the original



resulting optimal volume of SRP will still be u



*



(0)



λ . By necessity, the



as imposed by (11). We note that the



optimisation problem (9) – (11) can be solved by a variety of methods as discussed briefly above. The goal here is to assess via the value of



μ



(associated with the imposition of u



*



(0)



as being



optimal volume), whether it is opportune to modify the SRP volume in light of the trial price and especially the other problem technical constraints. The rationale of this approach stems from the definition of Lagrange multipliers with equality
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Revision 1.0 constraints: the value of a Lagrange multiplier reflects the marginal change in the optimal value of the objective function to a marginal increase in the right-hand side parameter of its associated constraint. In our case, the multiplier μ has the following interpretation.



μ=



( ( 0 ) u − B (u, x ) )



d π



*



du



*



(12)



(0)



Therefore, if μ is zero, then the optimal value of the objective function would not change if we were to change the SRP volume. Otherwise, if μ > 0 this entails that a small increase in the SRP volume would make the player’s profit decrease while μ < 0 entails the opposite. The parameter the player has to consider is up to how small a potential improvement in the objective function is it ready to forego. The player has to decide on the value of the parameter ε ≥ 0 , which determines how far from 0 the player is willing to accept for the value of μ . The other usefulness of μ comes from its potential to establish an updating rule for the optimal volume. This is found as part of the next step of the algorithm: 4. If



μ



> ε for a small enough ε , this means there is an opportunity to find a better price-



volume solution by updating the SRP current volume which is defined as follows: u



*



(1) = u ( 0 ) − μΔ



(13)



*



where Δ is a pre-determined (small enough) step size. Otherwise, if



μ



≤ ε , we go to step 8.



5. The new value u (1) must be checked to verify if it meets the constraints defined by the player’s *



problem (2) such that u (1) still yields a new feasible solution. If the solution is infeasible, we *



reduce the step size



Δ and adjust the volume until a feasible solution is found.



6. Once the constraints in (2) are met, then we work out a new value for the corresponding SRP price π , by calculating the optimality condition as in done in (8).



π (1) = *



∂B ∂u



u =u



*



(14)



(1)



(



7. Go to step 3, assuming now a trial volume and price pair u (1) , π *



*



(1) ) . In the next iteration the



index for the new price and volume is increased by 1. 8. The iterative search ends, as no further improvement in the objective function is possible. We note that the convergence of the algorithm is guaranteed under the conditions that the benefit function is non-decreasing and concave in the SRP volume u .



G.3.3. Obtaining a price-volume demand curve for SRP It is not unreasonable to see also that a given player may wish to “draw” an explicit relationship between its willingness to pay for an active demand product and its corresponding optimal volume. This process boils down essentially to computing the value of the following parametric optimisation problem [equivalent to (1) and (2)] over a specified range of prices



[



π ∈ π ,π



].



u ( π ) = argmin [π u − B(u, x ) : F (u, x ) ≤ b ] *



(15)



Here the function u ( π ) corresponds to a map of the optimal product volume for a given price *



π.



For most practical situations, there should not be a closed-form analytic expression for u ( π ) . *



Therefore, one has to compute the optimal volume for a number of fixed discrete price values in the range



[



π ∈ π ,π



].



The resulting
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(π , u (π ) ) *



pairs computed explicitly via (15) and we have used linear interpolation between data



60



points . We note that this may be the preferred way players may wish to attack AD product procurement because of the visual aspect of formulating a demand curve. This kind of exercise may also be useful to reveal radical changes in optimal AD procurement decisions as the willingness to pay is varied. “Radical changes” refer here to the appearance of discontinuities in the optimal volume (i.e. jumps in the volume for a very small change in the price parameter). Furthermore, future markets for AD or flexibility products in general may call for the submission of demand curves by potential buyers rather than single price-volume pairs. Thus, this is giving further credence to this approach.



u * (π )



π Figure 31. Example SRP demand curve obtained by computing the optimal SRP volume (crosses) at regular intervals



G.3.4. Formulations for time-coupled SRP Players may be facing highly complex issues, which inevitably evolve over time. Therefore, players may have needs to procure AD products with different requirements over successive time intervals. Moreover, as technical and commercial constraints may also be dynamically coupled over time, AD product demand behaviour in one time period also becomes coupled to the demand behaviour in all other periods. The player then faces the problem of having to specify sequences of price-volume pairs or demand curves, reflecting those couplings and would therefore result in AD market procurement outcomes, which are also consistent with all of its constraints. The optimisation principles necessary here are identical to those introduced above for the single timeperiod case. Fundamentally, the only difference lies in the multi-dimensionality of the search for the optimal price and volume signals. Difficulties arise, however, because the process becomes a combinatorial search. For instance, the demand for an AD product in one period becomes a function of not just the price in the given period as it now depends on the prices in the other periods as well. Hence, for the demand curve drawing problem illustrated in (15), the parametric optimisation is over a multidimensional space of prices, which needs to be discretized into an appropriate price grid. The goal then is to find in that grid the price-volume curves for each time interval, maximising value for the player over the entire planning horizon. This is an optimal control problem, which can be solved by classical dynamic programming.



60



Note that the demand for SRP does not grow unboundedly when the price approaches zero. This is indicative of technical constraints, which specify a maximum amount of SRP required in solving the player’s problem. Moreover, the volume procured goes to zero when the price becomes high enough. At that point the player effectively switches to another strategy to solve its problem (i.e. use another source of flexibility or resorts to doing nothing).
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Revision 1.0 In case the market is looking for of point-wise price-volume pairs, the iterative method outlined in Section G.3.2.2 can be generalised to multiple periods by setting trial prices equal to the gradient of the function B and update trial volumes by repeating (11) for each of the volumes.



G.4. Optimisation formulations for CRP Now, we consider the case of a player that is contemplating to purchase some amount of CRP û to satisfy some need. This presents an optimisation problem to the player, which can be stated as follows: min (G ( û ) )



(16)



where: G ( û ) = π oû + π e



û



û



0



0



∫ u ⋅ f ( u ψ = 1) du − ∫ B(u, x ) ⋅ f ( u ψ = 1) du − B(0, x ) ⋅ f ( 0 ψ = 1)



(17)



= π o û + π e E [u ψ = 1] − E [ B(u, x ) ψ = 1] − B ( 0, x ) ⋅ f ( 0 ψ = 1)



In (17) ψ is a Bernoulli random variable indicating the random activation, or not, of the power delivery during the CRP availability interval. The probability of either outcome has to be evaluated according to the activation rule of the player and its knowledge of the underlying uncertainties it wishes to manage.



⎧ 1 if CRP is activared



ψ =⎨



⎩0



(18)



otherwise



Moreover, the actual power delivery associated with the CRP, which is in the range, 0 ≤ u ≤ uˆ is subject to the conditional probability distribution f ( u ψ ) , which models the probability density function of the random event “ u units of power are delivered given that the CRP is activated”. The optimisation in (16) is subject to the following constraints: F ( u, x ) ≤ b



(19)



0≤u≤û



(20)



R ( û, π e , π s ) ≤ R



(21)



The other symbols present in (16) – (21) are:



πo



Option price of CRP, €/MW.



πe



Exercise price of CRP, €/MW.



u



Amount of power delivered through the CRP, MW.



x



Player’s state variables.



B (u, x )



Benefit associated with the delivery of u units of CRP, €.



F ( u, x ) ≤ b



Technical and commercial constraints of the player (similar to SRP).



R ( û, π e , π s ) ≤ R



Risk constraint of the player. The player must keep some risk metric R ( û, π e , π s ) below the administrative risk threshold R . The risk metric



depends on the CRP volume û , the exercise price prices of alternatives



πs



πe



and the statistics on the



to CRP in the market (including doing nothing and



incurring corresponding imbalances charges). The player’s objective here is to maximise its expected benefits from buying a capacity of CRP uˆ less the cost of buying it in advance ( π o û ) less its expected cost if the CRP is actually activated and Copyright ADDRESS project
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deployed. As with the SRP, the player is facing technical and commercial constraints, which need to be fulfilled with any amount in the range 0 ≤ u ≤ û , (19), (20). Unlike the SRP, however, the CRP optimisation process requires that the risk of the player be bounded from above, (21). The risk here is with the uncertain future delivery of the power and the uncertain price of an alternative (possibly cheaper) flexibility product, which could be acquired closer to real time. This is the key difference between the SRP and the CRP. The conditionality of the delivery of CRP provides extra flexibility for the player (on top of potentially solving a problem, like an SRP), which allows for risk management. Obviously, this extra flexibility comes at a price (a fixed-price conditional future power delivery ( π e u ) at the expense of a fixed upfront fee ( π o û ) ). It can be shown easily that if the CRP is ever activated, the following condition should hold: − [π o û + π e E [u ψ = 1] − E [ B (u, x ) ψ = 1]] ≥ B (0, x ) ⋅ f ( 0 ψ = 0 ) = 0



(22)



The inequality in (22) simply states that the net benefit of consuming CRP, i.e. the left-hand side of (22), must be greater or equal to the benefit without consuming any CRP.



G.4.1. Probability of CRP activation The probability that a given volume of the optional power delivery is being exercised, i.e. f ( u ψ = 1) , depends on the following factors throughout the periods before the expiration of the option: •



The expected need of the market player i.e. F (u, x ) ≤ b .



•



The difference between



πe



and the expected cost of using alternative solutions (e.g. waiting



and buying energy from the balancing market) those are able to meet (some or all of) the market player’s need. •



The probability density function of exercising the CRP.



In this section we assess the properties of the probability density functions of a CRP being exercised or not and its underlying volume being called. If we assume that both



π o and π e



are parameters, the only variable that needs to be determined is



uˆ , the volume of the CRP.



Assuming for now that uˆ is infinitely large then the probability density function (pdf) of consuming u is illustrated in Figure 32. We note that there has to be a “spike” of probability mass at u = 0 to account for the random event ψ = 0 (CRP is not activated), which translates into no power delivery. Moreover, ∞



the distribution has to satisfy ∫ f ( u ψ ) du = 1. 0



In reality, the size of the CRP uˆ has a finite value, and the probability density function can be analysed as:



∫ f ( u | ψ ) du = uˆ



0



uˆ −



+ ∫ f (u | ψ = 1) du +



f (0 | ψ = 0)



=



1424 3



0+



Extra mass concentrated at u = 0



∞



f (u | ψ = 1) du ∫14 4244 3 uˆ



Extra mass concentrated at u = uˆ



(23)



uˆ −



= f (0 | ψ = 0) + ∫ f (u | ψ = 1) du + f (uˆ | ψ = 1) 0+



=1



Now as the distribution no longer extends to infinity, all the probability mass corresponding to the deployment of the full capacity of the agreed CRP volume (all the probability mass associated with the range u ≤ û < ∞ in Figure 32) is congregated at u = û . See Figure 33. Copyright ADDRESS project
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f (u | ψ )



0



u



Figure 32. An example of the probability density function of consumption u, without any restriction on u$



f [(u | ψ ), uˆ ]



0



uˆ



u



Figure 33. Probability density function of CRP consumption with limited capacity



The probability density function is now “denser” at u = û as the player can only consume up to a maximum of û even if in actuality it could need more than û . Therefore, the pdf curve has an “impulse” at u = û (alike the one at u = 0 ). As a result, the computation of the objective function must take that difficulty into account ensuring that the extra mass at u = û is accounted for when calculating the expected values.



G.4.2. Analysis of CRP optimisation by Lagrange’s method We will again attempt to determine the optimal solution to the optimisation problem formulated in (16) (21) using Lagrange’s method. The Lagrangian function is given: Copyright ADDRESS project
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(24)



− B(0, x ) f [( 0 ψ = 0 ) , û ] + λ [ F (u, x ) − b ] + σ ⎡⎣R (û, π e , π s ) − R ⎤⎦



We emphasise here the dependencies of the expected values of u and B(u, x ) on the choice of CRP capacity û . At optimality, the following condition holds: ∂l ∂û



= πo + πe



∂E [( u ψ = 1) , û ]



−



∂û



∂E [( B(u, x ) ψ = 1) , û ] ∂û



T



T



⎛ ∂F ⎞ λ + ⎛ ∂R ⎞ σ = 0 +⎜ ⎟ ⎜ ⎟ ⎝ ∂û ⎠ ⎝ ∂û ⎠



(25)



Rearranging (25) gives:



πo =



∂E [ ( B(u, x ) ψ = 1) , û ] ∂û



We also note here that ∂E [( u ψ = 1) , û ] ∂û



− πe



≠E



∂E [( u ψ = 1) , û ] ∂û



∂E [( B(u, x ) ψ = 1) , û ] ∂û



≠E



T



T



⎛ ∂F ⎞ λ − ⎛ ∂R ⎞ σ = 0 ⎟ ⎜ ⎟ ⎝ ∂û ⎠ ⎝ ∂û ⎠



(26)



−⎜



⎡ ∂B(u, x ) ψ = 1, û ⎤ and that ⎢⎣ ∂û ⎥⎦



⎡ ∂u ψ = 1, û ⎤ . ⎢⎣ ∂û ⎥⎦



The above gives us a first condition for the valuation of the option value of the CRP. However, given the fact that we have two prices to specify, we need another condition on the prices. This condition is the constraint on the financial risk of the player in using the CRP, (21). The risk factor in turn imposes an upper bound on the value of the exercise price of the CRP: R ( û, π e , π s ) ≤ R



(



⇒ π e ≤ Q R , û, π s



(27)



)



(



Where Q ( ⋅ ) is an “inverse risk function” of the player. The value π e ≤ Q R, û, π s



) is the maximum



exercise price the player would be willing to pay. Alike for the SRP, a number of optimisation techniques can be used the solve problems as (16)– (21). Next, we present an iterative procedure similar to that found in Section G.3.2.2.



G.4.3. Process for the formulation of the price and volume signals for CRP G.4.3.1



An iterative solution approach



The procedure here in formulating the optimal price and volume signals is similar to the one developed for the SRP. 1. The system F (u, x ) ≤ b models the technical and commercial constraints of the player’s problem and its solution through the use of CRP. If the commercial/technical problem of the player has a known feasible CRP-driven solution, let us denote it by û system of inequalities F (û



*



(0), x



*



) ≤ b . The initial volume signal is û



*



*



( 0 ) ; it should solve the ( 0 ) . We note here that



this amount may not be optimal in economic terms, however; as the focus is on finding a technically feasible solution to the problem at this stage. 2. Next, we set a trial exercise price signal equal to what is given by the inverse risk constraint:



(



π e ( 0 ) = Q R, û ( 0 ) , π s *



*



)



(28)



3. The option price is then set equal to the marginal value of the benefit function evaluated at û



*



( 0 ) , as directed by the above theoretical analysis:
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∂E [( u ψ = 1) , û ] ⎤ ⎡ ∂E [( B(u, x ) ψ = 1) , û ] * − π e (0) ⎥⎦ ∂û ∂û ⎣ û =û* 0



π o (0) = ⎢ *



(29)



( )



4. Then, we solve for the CRP volume uˆ the following optimisation problem, assuming the two trial prices:



(



min G û, π o ( 0 ) , π e ( 0 ) *



*



)



(30)



Subject to (16)– (21) and: û =û



*



(0) ( μ )



(31)



Where μ is a Lagrange multiplier. Because of (31) necessity, the optimal volume of CRP will still be û ( 0 ) . However, the goal here is to assess, through the value of *



(μ ) (associated with



meeting constraint (31)), whether it is opportune to modify the CRP volume in light of the current prices and the other problem technical constraints. 5. If



μ



> ε for a small enough ε , this means there is an opportunity to find a better price-



volume solution by consuming at a new value of û ( 0 ) , which is defined as follows: *



û (1) = û *



*



( 0 ) − μΔ



(32)



Where Δ is a pre-determined (small enough) step size. This reasoning is motivated by the definition of the Lagrange multiplier μ , which represents the sensitivity of the objective *



function to a small change in the optimal CRP volume û :



μ=



(



dG û, π o , π e *



dû



*



)



(33)



*



That is by how much could the objective be improved if we marginally changed the CRP volume. Otherwise, if



μ



≤ ε , we go to step 8.



6. The new value û (1) must be checked as to it meets the constraints as stated in (16)– (21) *



such that the optimal volume still yields a feasible solution. If the solution is infeasible, we reduce the step size Δ and recompute (32) until a feasible solution is found. 7. Once the constraints in (16)– (21) are met, we go back to step 2 assuming the current trial volume is û (1) . *



8. End the iterative search.



G.4.4. Obtaining a price-volume demand curve/surface for CRP Alike the SRP, it is reasonable to see that a player may wish to “draw” an explicit relationship between its willingness to pay for an active demand product and its corresponding optimal volume. This process boils down essentially to computing the value of the following parametric optimisation problem [equivalent to (16)–(21)] over a specified ranges of option and exercise prices



(π o , π e )



[



∈ πo,πo û



*



Here the function û pair



(π o , π e ) .



*



]



×



[π



e



]



,π e :



(π



o



, π e ) = argmin [G(uˆ ) : constraints (19)-(21)]



(π



o



, π e ) corresponds to a map of the optimal product volume for a given price



(34)



For most practical situations, there should not be a closed-form analytic expression for û Copyright ADDRESS project
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Therefore, one has to compute the optimal volume for a number of fixed discrete price pairs in the ranges



(π o , π e )



[



∈ πo,πo



]



×



[π



e



]



, π e . The resulting ( π o , π e , û * ) triplets can be plotted in the



space of prices and volumes and be interpolated to form a demand surface analogous to the demand curve SRP in Figure 31.



G.4.5. Formulations for time-coupled CRP Alike with the situation explained in Section G.3.4, players may be facing highly complex issues, which inevitably evolve over time. The challenge outlined in Section G.3.4 for SRP is also relevant for the CRP. It is actually more so given the conditionality of the CRP deployment. Hence, there may be needs for players to optimise the procurement of CRP in a dynamic fashion. Its complexity, however, is beyond the scope of this document especially if we start considering opportunities for resale of such products to third parties and the resale of CRP, which have already been activated (i.e. SRP) to third parties. Each player is expected to develop its own portfolio of flexibility products (both SRP and CRP) and its own strategies for procuring those. The underlying optimisations should be part of the operational strategies of each player; these are expected to be modulated heavily by the prevalent regulation and available market and business opportunities.



G.5. Application of the price and volume signal calculation formulation process to selected players and services The purpose of this section is to illustrate with examples the application of the price-volume signal calculation process that has been described in the previous section. In these examples, it is assumed that the time horizon of the optimisation problems is a single time period. In reality, decisions made by deregulated players in one period will affect outcomes of other periods. Modelling multi-period problems unnecessarily complicates the examples, as the main intention here is to illustrate how the signalling process can be applied to obtain optimal price-volume purchase bids for AD products. Examples illustrating optimal signal calculation processes for SRP and CRP are given in the next two subsections.



G.5.1. SRP Use Case - Load shaping for a Decentralised Producer for optimising its profit In this example, we are looking at a decentralised producer (DP) with a portfolio of energy buyers (with pre-agreed bilateral contracts). Active demand can contribute to maximising the benefits of the DP by allowing the producer to shift its production to other market players offering higher prices. In this case, AD is replacing the contractual obligation of the DP to its counterparties by operating a corresponding demand reduction. Hence, when market prices are forecasted to be high, AD would be used to provide an energy consumption reduction in order to allow the producer to sell more in the more lucrative energy markets. The following assumptions are made in this example •



The DP has signed bilateral contracts to supply D amount of energy at price πB (€/kWh) to some third parties (e.g. a retailer).



•



The DP is contemplating if it should purchase an SRP (for demand reduction) for an amount u from an aggregator so that it could use its “freed up” capacity to sell energy in another, more lucrative, market.



•



The DP predicted that the market price for energy in an upcoming market is πS (€/kWh) and
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that πS is greater than πB. •



The maximum of demand reduction that can be offered by AD is capped at D to simplify the problem.



The following describes the objective function of the DP’s optimisation problem: min G(u, x ) = π u − B(u, x )



(35)



= π u − (π S − π B ) ⋅ u



It can be observed from the objective function that the DP gains benefits if the expected additional revenue from selling in the freed up energy in the more lucrative market i.e. πS⋅u is greater than the sum of the costs of purchasing SRP i.e. π⋅u and the loss of revenue due to the demand reduction (i.e. πB⋅u). The following lists the constraints (i.e. F(u, x) ≤ b):



u ≤ uUB



(36)



uLB ≤ u



(37)



Symbols presented in (36) and (37) are:



uUB



Maximum possible volume of SRP (MW). This value is equal to D.



uLB



Minimum volume of SRP (MW). This value is 0 if it is not compulsory to the DP to use AD service.



It can also be observed that here there are no state variables. Equation (38) gives the feasible solutions for u of this example:



⎧ uUB , if π < ( π S − π B ) ⎪ u = ⎨ uLB , if π > ( π S − π B ) ⎪[u , u ], if π = ( π − π ) B S ⎩ LB UB



(38)



Since (πS – πB) is positive, we can observe from (38) that it is beneficial to purchase as much SRP as possible and therefore the value of u will tend towards its upper bound. In this example, constraint (36) will be binding and therefore the optimal value of u would be at uUB and the corresponding optimal value of π will be a value marginally lower than (πS – πB), which is in tally with (38). A value of π which is too low than (πS – πB) subsequently “undervalues” the AD product and increases the risk of the player’s market bid to be rejected. In the end, the signal (bid) the DP would send to the market would consist of the pair (u *, π *) = (D,(π S − π B ) − γ )



(39)



where γ is a small positive number.



G.5.2. CRP Use Case - Short term optimisation problem of a generator providing tertiary reserve service In this example, we look at a central producer (CP) wishing to maximise its profit by shifting a portion of its statutory tertiary reserve obligation to AD. It is assumed that the transmission system operator accepts active demand as a source of tertiary reserve. Other assumptions are listed below: •



The optimisation horizon is 1 period (hr)



•



The CP has only one generating unit in its portfolio
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•



The generating unit has no ramping up rate and is synchronised (hence no start-up cost is modelled)



•



The CP has “perfect” knowledge of the following:



o



o



The marginal cost of operation of the generator πG



o



The energy market price πS is the price at which the generator is paid for selling additional power output that is available after freeing up its reserve obligation before real time



o



The maximum additional output Pf that can be sold in the energy market as a result of using a CRP is PM.



However, the CP faces uncertainty with respect to the probability of the reserve being called (modelled by the random variable Ψ) and there is uncertainty in the value of the balancing price πIM which follows a certain probability distribution g(πIM). We note that the value of the balancing price is likely to be correlated with the need to deploy reserve. Therefore, we need to consider the conditional probability distribution of the balancing price given the occurrence of a reserve call, g(πIM | Ψ = 1). In addition, it is not unreasonable to see that the imbalance price and the deployed CRP amount u are also correlated. Hence, we need to further consider the joint conditional probability distribution of πIM and u, h(πIM, u | Ψ = 1), as part of the problem formulation.



The CP’s problem of maximising profits can be described by objective function (40) associated with constraints (41)–(43). min G(uˆ, Pf ) = π o uˆ + π e E [u | ψ = 1] − E [B(Pf , u, π IM )] = π o uˆ + π e ∫ u ⋅ f ( u | ψ = 1) du uˆ



0



⎡( π S − π G ) Pf − π G ∫ u u ⋅ f ( u | ψ = 1) du 0 ⎣ uˆ ∞ + ∫ ∫ π IM u ⋅ h(π IM , u | ψ = 1) d π IM du ⎤ 0 −∞ ⎦ ˆ



−



(40)



Above, we recognise the various components of the CP’s costs and benefits: o



The CRP option cost (πO û)



o



The CRP expected exercise cost (πe ∫ u f(u | Ψ = 1) du)



o



The benefit obtained from selling more energy due to the freed up capacity ((πS – πG) Pf)



o



The lost expected benefit associated with deploying reserves when called upon by the TSO if no CRP were procured (–πG ∫ u f(u | Ψ = 1) du + ∫∫ πIM u h(πIM, u | Ψ = 1) dπIM du) Here the first term corresponds to corresponding expected generation cost if the CP were to produce u MW in the event the TSO requested the deployment of its reserves while the second term represents the expected generation revenue if the CP were to produce u extra MW remunerated at πIM.



This optimisation problem is subject to: 0 ≤ Pf ≤ PM



(41)



0 ≤ uˆ ≤ Pf



(42)



R (uˆ, π e , π IM ) ≤ R



(43)



Constraints (41) and (42) restrict the size of the CRP bid and the corresponding freed up generation capacity. The third constraint (43) restricts the magnitude of a risk measure R. For instance, the CP may require that Copyright ADDRESS project
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(44)



i.e. that the variance of the net benefits of the use of a CRP be less than the administrative threshold.
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Appendix H. Requirements for the implementation of the technical and commercial architectures In its first section (Section H.1), this Appendix collects all the technical and commercial requirements that have been defined for the provision of the AD services in the previous appendices and more specifically in Appendices C, D and F. Then the AD services presented in Appendices C and D are recalled in Section H.2. In the following sections, the requirements are organized in an appropriate way on the basis of the similarities that can be identified between the different services and the different players. This allows to group them into 3 different types of technical and commercial structures: - Structure 1: requirement-based structure – variant 1 which is organised according to the services and is described in Section H.3. - Structure 2: requirement-based structure – variant 2 which is organised according to the players and is described in Section H.4. - Structure 3: player-based structure described in Section H.5. These structures will be used later in the project for the further development and implementation of the conceptual technical and commercial architectures developed in WP1 (conceptual architectures which are described in Section 5 of the core document of Deliverable D1.1). The distinction between the “commercial” and “technical” parts is defined as follows: -



the commercial architecture (“contract negotiation” and “settlement” stages) deals with all the interactions, players structures, processes involved in the “negotiation” and “agreement” phase of the AD services (including the preparation of requests and offers) until the market clearance or the signature of the contracts (depending on the case). It also deals with the settlement stage after the end of the service;



-



the technical architecture (“operational” stage) deals with all the interactions, player structures, processes involved in the activation and actual delivery of the AD services, after the market clearance or the signature of the contracts until the end of the service. This also includes the management of the energy payback effect and the possibly related monitoring actions



This is further described in Section 5 of the core document of Deliverable D1.1.



H.1.



Identified requirements and their definition



The following subsections collect the identified requirements described in: -



Section 2 and Appendices C and D for both deregulated and regulated players



-



Section 3 and Appendix F for the aggregators.



The requirements are extracted from the services that can be requested by either regulated or deregulated players and then classified according to two groups: commercial and technical (see distinction made above), as shown in the subsections H.1.1 and H.1.2.



H.1.1. Requirements for Commercial Architecture Table 27 shows the requirements identified for the commercial architecture. These requirements apply to the service providers or requesters while negotiating or preparing the contract/bid/offer. Table 27 lists each of these requirements as an entry each with an ID, Label and Definition. The “ID” is to uniquely identify this requirement and will be used to refer to the requirement in the structures presented in the next sections while the “Label” can be used as the title of the requirement. The explanation and meaning of the requirement is given in the “Definition” column. Those IDs with Copyright ADDRESS project
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asterisk (*) refer to the requirements, which also apply to the technical architecture, even though the context in which the requirements are applied is different.



H.1.2. Requirements for Technical Architecture Table 28 shows the requirements identified for the technical architecture. These requirements apply to the service providers or requesters to ensure that the service to be provided/requested is usable, effective and technically feasible. In general, when seeking for active demand products/services, the players should take these requirements into account so that what they acquire will meet their actual needs. More importantly, the aggregators providing the services must fulfil these requirements so that what they have promised/ been paid to provide will be realised. Table 28 lists each of these requirements as an entry each with an ID, Label and Definition. The “ID” is to uniquely identify this requirement and will be used to refer to the requirement in the structures presented in the next sections while the “Label” can be used as the title of the requirement. The explanation and meaning of the requirement is given in the “Definition” column. Those IDs with asterisk (*) refer to the requirements which also belong to the commercial architecture, even though the context in which the requirements are applied is different.



H.2. Services Table 29 lists the services that are considered when the requirements as mentioned in the previous sections are derived. The table has four columns: “Player” shows the group of players who might be interested in the service, “Principal Services” describes the service, “Type of AD Product” is selfexplaining while ID serves as a unique identifier of the service. The service IDs are the same as the ones defined in Section 2 of the core document and in Appendices C and D. In particular they will be used to refer to the services in the structures presented in the next sections.
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Requirements Label



Requirements Definition



C1



Standing/Option Fee Specification



The fee to be paid for making available the service must be specified



C2



Deployment Energy Price Specification



The price to be paid for the energy to be delivered for the service must be specified



C3



Penalty for Non-delivery



The charge/penalty to be paid in case of non-delivery of the committed service must be specified



C4



Participation to and Organized Market of Re-profiling Products



Players must take part (directly or indirectly) to a reprofiling product based market



(C5)



Procurement Strategy



A procurement strategy must exist when procuring such service



C6*



Deployment Duration Specification



The minimum time period (in mins/hours) that the active demand providers need to deploy and sustain the service must be defined



C7*



Negotiation Gate Closure Specification



The time window between contract definition or bid submission and actual delivery (hours/days/weeks/months) must be defined



C8*



Service Volume Specification



The amount of power to be delivered for the service must be defined (the minimum quantity may be fixed by DSO/TSO)



C9*



Availability Interval Specification



The duration (hours/days/weeks/months) over which the service may be activated must be defined



C10*



Activation Time Specification



The lead time (mins/hours) allowed for aggregator to deliver the service must be fixed



C11*



Deployment/Ending Ramping Limitation Range Specification



The deployment and end ramping limitations must be specified for the service



C12*



Service Delivery Envelope Specification



The service delivery envelope must be defined



C13*



Energy Payback Effect Specification



The maximum amount in terms of energy and power which has to be “paid back” before or after delivery must be defined



C14*



Location Specification from Aggregator



Aggregator must group customers in the same load area for the service and communicate this grouping assignment



C15*



Maximum Amount of AD from one Aggregator Specification



The maximum amount of active demand which can be provided from any single aggregator must be specified



NB: in Table 27, requirement (C5) appears between “(“ and “)” because it is related to the internal process of the AD buyer and therefore it applies only to this player.
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Requirements Label



Requirements Definition



T1



Location Information From DSO



DSO must assign each customer to a specific load area for the service and communicate such grouping assignment to aggregators



T2



Location Information From TSO



TSO must aggregate load areas into TSO-zones for the service and communicate such grouping assignment to aggregators



T3



Balancing Regulation



The aggregator must use active demand to counterbalance the proposed service so as to nullify the imbalances so created



T4*



Deployment Duration Specification



The minimum time period (in mins/hours) that the active demand providers need to deploy and sustain the service must be defined



T5*



Negotiation Gate Closure Specification



The time window between contract definition or bid submission and actual delivery (hours/days/weeks/months) must be defined



T6*



Service Volume Specification



The amount of power to be delivered for the service must be defined (the minimum quantity may be fixed by DSO/TSO)



T7*



Availability Interval Specification



The duration (hours/days/weeks/months) over which the service may be activated must be defined



T8*



Activation Time Specification



The lead time (mins/hours) allowed for aggregator to deliver the service must be fixed



T9*



Deployment/Ending Ramping Limitation Range Specification



The deployment and end ramping limitations must be specified for the service



T10*



Service Delivery Envelope Specification



The service delivery envelope must be defined



T11*



Energy Payback Effect Specification



The maximum account in terms of energy and power which has to be “paid back” before or after delivery must be defined



T12*



Location Specification from Aggregator



The aggregator must group customers in the same load area for the service and communicate this grouping assignment to those who seek the service



T13*



Maximum Amount of AD from one Aggregator Specification



The maximum amount of active demand which can be provided from any single aggregator must be specified



T14



Interaction with Energy Box



The aggregator must interact with the Energy Box for flexibility activation and monitoring purposes for realtime delivery and performance assessment



T15



Aggregator’s Performance Assessment



The performance of the aggregator must be monitored and assessed



T16



AD Consumers’ Performance Assessment



The performance of the active demand consumers must be monitored



T17



Energy Payback Effect Assessment



The energy payback effect of the committed active demand consumers must be monitored and assessed



Copyright ADDRESS project



page 243 of 287



ADDRESS Technical and Commercial Conceptual Architectures - Appendices ADD-WP1-T1.5-DEL-EDF-D1.1-Technical_and_Commercial_Architectures-Appendices



Revision 1.0 Table 29. List of AD services considered Type of AD Product



ID



Short-term load shaping in order to Optimise Purchases and Sales.



SRP



SRP-SOPS-RET



Management of Energy Imbalance in order to minimise deviations from declared consumption programme and reduce imbalance costs.



SRP



SRP-MEI-RET



Reserve capacity to manage short-term Risks.



CRP



CRP-SR-RET



Short-term optimisation through load shaping in order to Optimise the Operation of its Generation portfolio.



SRP



SRP-SOG-CP



Management of Energy Imbalance in order to reduce imbalance costs.



SRP



SRP-MEI-CP



Tertiary Reserve provision in order to meet obligation of tertiary reserve provision contracted with the TSO.



CRP



CRP-TR-CP



Short-term Management of Energy Imbalance in order to minimise deviations from declared production programme (low uncertainty).



SRP



SRP-SMEI-DP



Load shaping in order to Optimise its Economic Profits.



SRP



SRP-OEP-DP



Tertiary reserve provision in order to meet contracted tertiary reserve programme.



SRP



SRP-TR-DP



CRP-2



CRP-2-SMEI-DP



CRP



CRP-SMEI-DP



Reserve capacity to manage provision of contracted Tertiary Reserve (medium uncertainty).



CRP



CRP-TR-DP



Reserve capacity to manage provision of contracted Tertiary Reserve (medium uncertainty).



CRP-2



CRP-2-TR-DP



Short-term Local Load Increase in order to Producer with compensate the effect of network Regulated evacuation limitations and to be able to tariffs produce more.



SRP



SRP-SLLI-PwRT



Short-term Load Increase in order to avoid being cut-off.



SRP



SRP-SLI-PwRT



Player



Retailer



Centralised Producer



Principal services



Decentralised electricity Reserve capacity to Short-term Manage Producer Energy Imbalance in order to minimise deviations from declared production programme (high uncertainty). or Reserve capacity to Short-term Manage Energy Imbalance but the DP knows the Production direction of the imbalance probably Aggregator because the time to the forecasted imbalance is shorter (medium uncertainty).



Copyright ADDRESS project



page 244 of 287



ADDRESS Technical and Commercial Conceptual Architectures - Appendices ADD-WP1-T1.5-DEL-EDF-D1.1-Technical_and_Commercial_Architectures-Appendices



Revision 1.0



Traders and brokers



Balancing Responsible Parties



Local Load Increase reserve in order to compensate the effect of network evacuation limitations and to be able to produce more or to invest more in generation capacity



CRP



CRP-LLI-PwRT



Load Increase reserve in order to avoid being partially cut off, or even to be authorized to invest more.



CRP



CRP-LI-PwRT



Reserve capacity to Manage Energy Imbalance in order to minimise deviations from the production program previously declared and reduce the imbalance costs.



CRP-2



CRP-2-MEI-PwRT



Short-term Optimisation of Purchases and Sales by load shaping



SRP



SRP-SOPS-T&B



Short-term Optimisation of Purchases and Sales through Reserve Capacity



CRP



CRP-SOPS-T&B



Management of Energy Imbalance (low uncertainty)



SRP



SRP-MEI-BRP



Management Energy Imbalance (medium uncertainty)



CRP



CRP-MEI-BRP



CRP-2



CRP-2-MEI-BRP



Minimisation of Energy procurement Costs



SRP



SRP-MEC-LC



Scheduled Re-Profiling Load Reduction (slow).



SRP



SRP-LR-SL



Scheduled Re-Profiling Load Reduction (fast).



SRP



SRP-LR-FT



Scheduled Re-Profiling for Voltage Regulation and Power Flow Control (slow)



SRP



SRP-VRPF-SL



Conditional Re-Profiling Load Reduction (Fast).



CRP



CRP-LR-FT



Conditional Re-Profiling for Voltage Regulation and Power Flow control (Fast).



CRP



CRP-VRPF-FT



Bi-directional Conditional Re-Profiling for Tertiary Reserve (Fast).



CRP-2



CRP-2-TR-FT



Bi-directional Conditional Re-Profiling for Tertiary Reserve (Slow).



CRP-2



CRP-2-TR-SL



Management Energy Imbalance (high uncertainty) Large consumers



DSO/TSO



TSO



H.3. Structure 1: requirement-based structure – Variant 1 H.3.1. Commercial requirements - Structure 1 The commercial requirements mentioned above in Subsection H.1.1 are further categorised (if applicable) and the services that need to fulfil them are grouped and organised into a requirementbased structure, with the services having the need to fulfil the requirement listed at the last level of Copyright ADDRESS project
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hierarchy. The structure is shown in Figure 35: -



The first level with the yellow boxes shows the requirements as defined in Subsection H.1.1.



-



The second level with blue boxes shows a sub-classification, if necessary, which further refines the requirement. For example, concerning the requirement on Deployment Duration (C6), depending on the services concerned, the duration can be in the time range of minutes, hours or days and the requirement is sub-classified accordingly (see Figure 34 which gives the extract of the structure for the requirement C6 on Deployment Duration)



-



The last level with dark-grey boxes shows the services to which the requirement is applied.



An example to illustrate how to use the diagram



If one wants to find out which services need to observe a deployment duration in the time frame of several days when defining the request of the service, one can search the diagram to locate Requirement “(C6) Deployment Duration” in lower left section of the diagram and follow the path “Category 3: Days” to reach “Applied to Services: SRP-MEI-RET, SRP-VRPF-SL” (see Figure 34). Then according to Section H.2 describing the Services: -



SRP-MEI-RET refers to “Management of Energy Imbalance in order to minimise deviations from declared consumption programme and reduce imbalance costs” provided to the retailers



-



SRP-VRPF-SL refers to “Scheduled Re-Profiling Service for Voltage Regulation and Power Flow Control (Slow)” provided to DSOs or TSOs.



Figure 34. Extract of Structure 1 for the commercial requirements
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Figure 35. Commercial requirements – Structure 1
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H.3.2. Technical requirements - Structure 1 The technical requirements mentioned above in Subsection H.1.2 are further categorised (if applicable) and the services that need to fulfil them are grouped and organised into a requirementbased structure, with the services having the need to fulfil the requirement listed at the last level of hierarchy. The structure is shown in Figure 37: -



The first level with the yellow boxes shows the requirements as defined in Subsection H.1.2.



-



The second level with blue boxes shows a sub-classification, if necessary, which further refines the requirement. For example, concerning the requirement on Deployment Duration (T4), depending on the services concerned, the duration can be in the time range of minutes, hours or days and the requirement is sub-classified accordingly (see Figure 36 which gives the extract of the structure for the requirement T4 on Deployment Duration)



-



The last level with dark-grey boxes shows the services to which the requirement is applied.



An example to illustrate how to use the diagram



If one wants to find out which services need to observe the deployment duration in the time frame of several days when receiving and delivering the service one can search the diagram to locate Requirement “(T4) Deployment Duration” in middle left section of the diagram and then follow the path “Category 3: Days” to reach “Applied to Services: SRP-MEI-RET, SRP-VRPF-SL” (see Figure 36). Then according to Section H.2 describing the Services, -



SRP-MEI-RET refers to “Management of Energy Imbalance in order to minimise deviations from declared consumption programme and reduce imbalance costs” provided to the retailers



-



SRP-VRPF-SL refers to “Scheduled Re-Profiling Service for Voltage Regulation and Power Flow Control (Slow)” provided to DSOs or TSOs.



Figure 36. Extract of Structure 1 for the technical requirements
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Figure 37. Technical requirements - Structure 1



H.4.



Structure 2: requirement based structure – Variant 2



H.4.1. Commercial requirements - Structure 2 This variant of the requirement-based structure shows this time in the last layer of the hierarchy the players associated to the services possibly (depending on the services they request) needing to fulfil Copyright ADDRESS project
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the requirement. Table 30 list the players considered along with their abbreviations. The corresponding structure is shown in Figure 39: -



The first level with the yellow boxes shows the requirements as defined in Subsection H.1.1.



-



The second level with dark blue boxes shows a sub-classification, if necessary, which further refines the requirement. For example, concerning the requirement on Deployment Duration (C6), depending on the services concerned, the duration can be in the time range of minutes, hours or days and the requirement is sub-classified accordingly.



-



The last level with light blue boxes shows the players who might need to respect the requirement.



Table 30. The players and their abbreviation Player*



Shortened Name



Centralised Electricity Producers



CP



Decentralised Electricity Producers



DP



Electricity Producers with Regulated Tariffs



PwRT



Retailers



RET



Electricity Traders and Brokers



T&B



Large Consumers Balancing Responsible Parties Transmission/Distribution System Operator



LC BRP TSO/DSO



*”Aggregators” are not listed in the table because by default all requirements are applicable to them since they provide the AD services. An example to illustrate how to use the diagram



If one wants to find out which players (besides aggregators themselves) might need to observe a deployment duration in the time frame of several days when defining the request of the service, one can search the diagram to locate Requirement “(C6) Deployment Duration” in the lower left section of the diagram and follow the path “Category 3: Days” to reach “Might be Applied to Players: RT, TSO/DSO” (see Figure 38 which gives the extract of the structure for the requirement C6 on Deployment Duration). Then according to the table shown above on the players, RET refers to retailers while TSO/DSO refers to Transmission/Distribution System Operator.
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Figure 38. Extract of Structure 2 for the commercial requirements



H.4.2. Technical requirements - Structure 2 Like for the commercial requirements, this variant of the requirement-based structure shows this time in the last layer of the hierarchy the players (as listed in Table 30) associated to the services possibly (depending on the services they request) needing to fulfil the requirement. The corresponding structure is shown in Figure 41: -



The first level with the yellow boxes shows the requirements as defined in Subsection H.1.2..



-



The second level with dark blue boxes shows a sub-classification, if necessary, which further refines the requirement. For example, concerning the requirement on Deployment Duration (T4), depending on the services concerned, the duration can be in the time range of minutes, hours or days and the requirement is sub-classified accordingly.



-



The last level with light blue boxes shows the players who might need to respect the requirement.



Note that by default all the technical requirements are applicable to aggregators. Depending on the requirement itself, the aggregator can be the one applying the requirement on another player or vice versa. For example, any T8 (Activation Time) requirements can be applied to aggregators when the product is being delivered. On the other hand, T1 (Info from DSO) requires that the DSO communicates the location information to the aggregator (T1 is therefore applied on the DSO).
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Figure 39. Commercial requirements – Structure 2
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If one wants to find out which players might need to observe the deployment duration in the time frame of several days when receiving the service (by default the supplying aggregator must fulfil such requirement when delivering the service), one can search the diagram to locate Requirement “(T4) Deployment Duration” in the middle left section of the diagram and follow the path “Category 3: Days”, to reach “Might be Applied to Players: RET, TSO/DSO” (see Figure 40 which gives the extract of the structure for the requirement T4 on Deployment Duration). And according to Table 30 listing the Players, RET refers to retailers while TSO/DSO refers to Transmission/Distribution System Operator.



Figure 40. Extract of Structure 2 for the technical requirements



H.5.



Structure 3: player-based structure



This subsection presents the player-based structures for the commercial and technical requirements. More precisely, the player-based structures show the requirements which are applied to the players depending on the service(s) which they request.



H.5.1. Commercial requirements - Structure 3 The player-based structure for commercial requirements is shown in Figure 42. Please note that in this figure: -



Requirements and their categories are compacted into composite identifier: as an example Requirement C4 Category 1 is shorted as C4-1, Requirement C6 Category 3 as C6-3, etc.



-



The first level with blue boxes shows the players abbreviated according to Table 30,



-



The second level with yellow boxes shows the requirements which might be applicable to the player. The requirements are referred to using the IDs given in Subsection H.1.1.
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Figure 41. Technical requirements – Structure 2
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Figure 42. Commercial requirements – Structure 3



An example to illustrate how to use the diagram



If one wants to find out which requirements electricity traders and brokers (T&B) might need to observe when defining the request of the service, one can search the diagram to locate “T&B” in the top right section of the diagram, which gives “Possible Requirements: C1, C2, C5, C6-1, C7-1, C7-2, C7-3, C8, C9-1, C9-3, C10-1, C11, C12, C13, C14, C15” (see Figure 42). Then according to Table 27 listing the commercial requirements and Subsection H.3.1, C1 refers to “Standing/Option Fee Specification”, C2 refers to “Deployment Energy Price Specification”, etc.



H.5.2. Technical requirements - Structure 3 The player-based structure for technical requirements is shown in Figure 43. Please note that in this figure: -



Requirements and their categories are again compacted into composite identifiers: as an example Requirement T4 Category 1 is shorted as T4-1, Requirement T7 Category 3 as T7-3, etc.



-



The first level with blue boxes shows the players abbreviated according to Table 30,



-



The second level with yellow boxes shows the requirements that might be applicable to the player. The requirements are referred to using the IDs given in Subsection H.1.2.



Note that by default all technical requirements are applied to aggregators one-way or the other: either they have to fulfil these requirements themselves or they have to make sure that the other player fulfils them. Requirements T14 toT17 are not shown on this diagram because of the following reasons: -



T14 (Interaction with Energy Box) is always applied to aggregators,



-



T15 (Aggregator’s Performance Assessment) is always applied to all players,



-



T16 (AD consumers’ Performance Assessment) is always applied to consumers and aggregators,



-



T17 (Energy Payback Effect Assessment) is always applied to consumers and aggregators.
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Figure 43. Technical requirements – Structure 3



An example to illustrate how to use the diagram



If one wants to find out which requirements electricity traders and brokers (T&B) might need to observe when receiving the service, one can search the diagram and locate “T&B” in the top right section of the diagram, which gives “Possible Requirements: T4-1, T5-1, T5-2, T5-3, T6, T7-1, T7-3, T8-1, T9, T10, T11, T12, T13” (see Figure 44 which gives the extract of the structure for the player “T&B” – Traders and Brokers) Then according to Table 28 listing the technical requirements and Subsection H.3.2, T4-1 refers to “Deployment Duration Specification Category 1 (mins/hours)” while T5-1 refers to “Negotiation Gate Closure Specification Category 1 (hours-day)”, etc.



Figure 44. Extract of player-based structure for technical requirements
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Appendix I. Issues to be addressed for the implementation of the ADDRESS architectures This appendix summarizes the results of the work carried out on the identification of potential problems or possible barriers against the development of active demand (AD) as well as potential solutions to remove these barriers. The work carried out has shown that the potential problems for the development and acceptance of AD can be subdivided into “general prerequisites” and “problems or barriers”: -



General prerequisites are very obvious aspects that are necessary to make AD service provision feasible, at all, like the installation of an appropriate communication infrastructure. Their importance is already reflected by the concept and structure of the ADDRESS project. They will be briefly presented in Section I.1 below.



-



Problems or barriers are less obvious aspects that depend more on the specific situation and interests of the players involved. They can have technical, economic, socio-economic and/or regulatory reasons. Since these barriers are not reflected as obviously by the ADDRESS work structure, it is particularly important to identify them and to point out potential solutions. Therefore, they are treated in greater detail here than general prerequisites. They are discussed in Section I.2.



Finally Section I.3 gives a recapitulative overview of the potential barriers, along with indication of where in the project they will be studied and hopefully solved.



I.1.



General prerequisites



The implementation of smart meters and the development, the implementation of new communication infrastructure, technologies and customer automation systems are essential for the development of AD. Although it is certainly possible to design a technically feasible solution, the accompanying cost should also be taken into account to come to an economically feasible solution. Also, the willingness of consumers to provide AD services, will determine the development of AD, next to the possibility of the different actors to have access to the market(s). In order to obtain a well-functioning market in which AD services can be offered or requested, the (potential) relationships between different power market participants should be identified and specified. These potential relationships can result in real contractual relationships that should sufficiently cover all relevant aspects in terms of responsibilities and (financial) agreements for a well-functioning market. The abovementioned issues are general prerequisites for the implementation of Active Demand and are briefly described in this section. They are general and thus apply to all participants involved in AD. They may be divided into different categories: -



Technical prerequisites: The implementation of the AD concept requires smart meters with certain technical requirements to be installed, as well as an appropriate communication infrastructure61. For these sectors, standardisation of protocols, meters and services will also be a key issue.



61



In particular, the important topic of the links between AD implementation and smart meters will be studied in detail in other WPs of the project and in particular: in WP2 for the technical requirements, WP3 for the aspects related to the regulated participants, WP4 for the communication issues and WP5 for the related regulatory and market issues.
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Economic prerequisites: As a fundamental prerequisite, the total investment and operational cost of the provision of AD services has to be lower than the expected economic benefit. In order for AD to be competitive, its total cost must also be lower than the cost of alternative solutions that are available on the market to fulfil the same needs.



-



Acceptance by consumers: Only if consumers are willing to take part in the provision of AD services, there will be such services, at all. There can be several reasons for consumers having low interest or even fear of being engaged in AD provision, like the impression that the financial incentives are very small, or the fear of discomfort or even loss of control over their appliances.



-



Market access: Those actors who are expected to make benefit from the use of AD need to have an appropriate access to the markets in order to be able to do so. Restrictions to the required market access can for example be due to requirements on the minimum demand or generation volume of a market participant, or to the tariff conditions for subsidized decentralised generators.



-



Regulatory framework: The success of the implementation of the AD concept also depends crucially on the willingness of regulators, lawmakers, governmental bodies, etc., to design the legislative and regulatory framework such that it supports the use of AD.



Some of these prerequisites can be fulfilled by appropriate measures to be identified or developed by the ADDRESS project, e.g. the development of technical equipment and software solutions, the design of appropriate contractual and regulatory arrangements and the investigation of measures that can be taken to maximise consumer acceptance. Other prerequisites can only be fulfilled within certain limits: for example, there will always be cost associated with the implementation and use of AD, so that only applications of AD with a benefit higher than the cost can be economically viable. Furthermore, there will be limits to technical aspects like the activation dynamics of AD, so that AD (in the way considered in ADDRESS) may not be fast enough for certain applications. Economic and technical limits like this can be called “usability limits”. They have to be investigated and taken into account when analysing the range of economically attractive applications of AD. However, it should be kept in mind that these limits can shift over time as a consequence of technical progress or the future development of market prices or other influence factors.



I.2.



Potential problems or barriers and possible solutions



The potential problems or barriers have been subdivided into 8 groups, based on their nature and/or the underlying reasons. -



AD acceptance: Acceptance by consumers is a general prerequisite for the AD concept (see above) but a lack of acceptance by other players like producers, retailers, BRPs, and DSOs/TSOs is a potential barrier. It includes potential negative “side-effects” of AD services on third parties, e.g. on the network loading or on the system energy balance.



-



Regulatory framework: Several potential problems of regulatory nature have been identified, like a lack of incentives for the use of AD, or unrealistic technical requirements.



-



Contractual issues can for example represent a barrier if contracts do not provide the required flexibility for using AD as a means to fulfil contractual obligations.



-



Conflicting interests can occur among different players wishing to use the same “piece of AD”, or for DSOs/TSOs having to assess the technical feasibility of AD services on the grid.



-



Pricing model: In order to support the provision and use of AD, a pricing model is required that reflects the value of AD services properly and provides appropriate incentives.



-



Monitoring of service provision: The need for an appropriate level of monitoring for service delivery check or pricing purposes might become a barrier if the required level cannot be reached
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from a technical or organisational/practical point of view. Monitoring of service provision includes two aspects: o monitoring the service provided by the aggregator to the buyer of AD services and o monitoring the service provision by the consumers to the aggregator (consumer response). -



Information management: The AD concept creates new requirements for information exchange, which causes additional effort and gives rise to confidentiality issues.



-



Risks: Users of AD services may be concerned about risks like the uncertainty about the actual availability of services at the required volume, or about the location of consumers in the network, or about the “payback” effect that may occur after an AD measure.



The above grouping is also referred to below when describing in more detail the barriers and solutions identified.



I.2.1. AD acceptance Besides the consumers whose engagement is required to make AD exist at all, the AD concept also requires acceptance by other players like producers, retailers, BRPs, and DSOs/TSOs. There can be a multiplicity of reasons for a lack of acceptance or a lack of interest. This requires adequate solutions to be developed by the ADDRESS project: -



Electricity producers may have only little interest in buying AD services if they do not have proper incentives for minimising imbalances between there forecasted and their actual production. They may even oppose against the implementation of AD, in general, because they may perceive it as a new form of competition on the market for flexibilities.



-



Retailers and/or balancing responsible parties may be concerned that the use of AD by other actors can reduce the predictability of their customers’ load profile, and thus expose them to additional risks in matching supply and demand. Therefore, first of all, these actors should be tried to be convinced that the potential benefit for them of using AD overcompensates the potential additional risks. Furthermore, these risks could be minimised by creating transparency on the use of AD, or by designing proper information exchanges. This issue was extensively discussed in Appendix E (Section E.4) where potential solutions were proposed.



-



The use of AD may have an impact on the loading situation of distribution and even transmission networks. In the beginning of the AD implementation, such effects can be expected to be rather insignificant, and in general, it is rather unlikely that this leads to loading situations beyond the limits that have been taken into account in the dimensioning of networks. However, if AD becomes broadly applied, there may be situations in which violations of network constraints are caused by the AD activation. For such cases, a procedure for the technical validation of the feasibility of AD requests has been proposed in Section 2 of the core document and Appendices D and E. It should be further developed in other WPs (such as WP3). Moreover, the need for such approaches and their design can be highly country-specific.



-



Network operators may be concerned that a reduction of peak demand caused by the use of AD could have a negative impact on their efficiency score as determined by the regulator using benchmarking techniques. Although this effect is unlikely to gain major importance, it should be avoided by adequately taking it into account in the design of a regulatory benchmarking exercise.



-



TSOs may be concerned about increasing uncertainties in the prediction of the control area balance as a consequence of AD, and thus an increasing demand for balancing power. This effect can also be expected to have rather little importance in the early stages of the implementation of the AD concept. But the risk may increase with large volumes of AD. Therefore, the most
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appropriate solution to minimise such risks is probably to create sufficient transparency on the use of AD. Potential solutions have already been discussed in Appendix E (Section E.4).



I.2.2. Regulatory framework Several potential problems of regulatory nature have been identified: -



The regulatory framework might impose minimum requirements on the volume of services (e.g. for the provision of tertiary reserves) or fixed charges or transaction costs to be paid by providers. In order to give small volumes of AD a chance to be used efficiently, it may therefore be adequate to allow for a grouping of AD aggregators or to reduce such minimum requirements or fixed costs, or to support the development of liquid markets for standardised AD products.



-



As stated above for electricity producers, certain applications of AD may only be interesting if actors are allowed to compensate generation imbalances by demand flexibilities. The regulatory framework should allow for this. In general, in order to make AD an economically viable service, it should provide market participants with adequate incentives for the minimisation of imbalances between supply and demand.



-



Depending on the specific regulatory regime for treating network costs, DSOs and TSOs may be reluctant to us AD as an efficient solution to network constraints if they have strong incentives to minimise operating costs while having only little incentives to reduce capital expenditure. The regulatory framework should therefore provide DSOs and TSOs with incentives to seek for efficient solutions including AD services.



I.2.3. Contractual issues Contractual arrangements between market participants can be a barrier to the development of AD if they do not provide the participants with sufficient flexibility for using AD as a means to fulfil their contractual obligations. To avoid such barriers, it is not only important to design adequate contractual schemes for the application of AD services, themselves, but also to investigate potential restrictions caused by existing contractual arrangements, and to identify solutions to provide the required flexibility.



I.2.4. Conflicting interests As regards barriers caused by conflicting interests of different actors, mainly two cases have been identified: -



It is possible that two or more different actors are interested to use AD from the same consumers at the same time, be it in the same direction or in opposite direction. It is questionable and open to further investigation if this would actually impose problems as far as markets and contracts for AD are designed properly. If it does cause problems, solutions like the creation of transparency on the use of AD or the establishment of processes for the identification and elimination of conflicts can be considered. The demand for such solutions and their potential impact on the practicability of the ADDRESS concept have been extensively discussed at the example of the relationship between DSOs, TSOs and aggregators.



-



In case DSOs are given a responsibility to validate the technical feasibility of AD requests, a conflict of interests might arise for them if they at the same time interested to use the same quantities of AD for their own purposes. To avoid such conflicts, clear rules should be established for the technical validation of AD and for the application of AD for the DSOs’ own purposes.
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I.2.5. Pricing model In order to support the provision and use of AD, a pricing model is required that reflects the value of AD services properly and provides appropriate incentives. The absence of an appropriate pricing model might lead to AD not being used in an efficient way, or to consumers not being interested at all in the provision of AD. The need for an appropriate pricing model is relevant for the relation between aggregators and the consumers in their portfolio as well as for the relation between aggregators and the buyers of AD services.



I.2.6. Monitoring of service provision The issue of monitoring the provision of AD services includes two aspects: - monitoring the service provided by the aggregator to the buyer of AD services and - monitoring the service provision by the consumers to the aggregator (consumer response). Monitoring will be important, on the one hand, for giving market actors confidence that the services they pay for are actually delivered at the desired quantity, and on the other hand, as a basis for the billing of AD services. This issue is extensively discussed in Section 3 of the core document and Appendix F and a number of potential solutions with different characteristics in terms of practicability and accuracy have been identified as a basis for further investigation. The way the Energy Boxes and the meters will be involved in the monitoring will have to be studied in detail. For instance the Energy Box could be used to log information on the actual activation of AD in the “smart appliances”, or meters within the appliances could provide additional data on their actual use. However these approaches would lead to highly disaggregated monitoring data. In the same way, the role of smart meters in the ADDRESS concept and their capability of providing data for monitoring the use of AD will have to be investigated. The need for an appropriate level of monitoring for service delivery check or pricing purposes might become a barrier if the required level cannot be reached from a technical or organisational/practical point of view.



I.2.7. Information management The AD concept creates new requirements for information exchange, which causes additional effort and gives rise to confidentiality issues. Therefore, an adequate framework for information management in terms of transparency requirements as well as restrictions to access rights and to the use of confidential data will be important for the acceptance of the concept by providers and users of AD.



I.2.8. Risks The potential users of AD services may be concerned about a number of risks that are associated to the AD concept. These risks will have to be addressed adequately to avoid a lack of acceptance by the users: -



There are different reasons for uncertainties regarding the actual availability of AD services at the time of delivery, like technical unavailability, uncertainty about consumer behaviour, momentary load situation, the contractual situation between aggregators and consumers, etc. Since it will not be possible to eliminate all of these uncertainties, it will be important to provide information on the expected amount of uncertainties, and to support the view that uncertainties are associated with any type of services in the electricity system (and not only AD services), so that they do not represent a “knock-out argument” against the use of AD services.



-



DSOs and TSOs wishing to use AD for network-related purposes may be concerned that the
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aggregators do not have proper information on the location of their demand flexibilities in the network. As already discussed in Appendix E and Section 2 of the core document, solutions to this barrier could be a well-organised process of provision and updating of network-related information from DSOs/TSOs to aggregators (see for instance Subsection E.1.4). -



Users of AD as well as network operators might be concerned that after a period of AD activation, a strong change of demand takes place in the opposite direction to compensate for the demand decrease/increase during the AD activation period. This energy “payback effect” has already been extensively discussed in several previous Sections and Appendices in relation with different aspects (e.g. see Appendices E and F). The energy payback effect may be minimised by different means, e.g. designing price signals such that the demand response becomes smoother after the AD product delivery, or making use of thermal storage capacities (e.g. using pre-cooling or preheating techniques) and anticipating the AD service delivery.



-



In order to let Systems Operators to have confidence in using AD services for system security purposes (e.g. to relieve network congestions or balance the system in real time), some kind of specific information on AD activation characteristics must certainly be reported to the System Operators (volume, activation dynamics of AD actions actually performed), at least in the first phase of deployment, to let them share the reality of the actions, and convince them that they can also be predicted with sufficient accuracy.



I.3.



Recapitulative overview of potential barriers and solutions



Table 31 on the following pages gives a recapitulative overview of the potential barriers discussed above, along with the types of participants affected and the potential solutions that have been identified. The table also points out in which WPs of the ADDRESS project the solutions will be further studied .
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Affected participants



Potential solutions



WP where solutions will be studied



Acceptance of AD by electricity producers



Decentralised + centralised electricity prod + electricity prod with regulated tariff



Provision of the right incentives to use AD.



WP5: Potential benefits + regulatory schemes



Acceptance of AD by retailers



Retailers



Further investigation of relationship between retailer and aggregator; 2 particular cases to consider in detail: Retailer = aggregator and retailer ≠ aggregator



+ BRPs



Give insight in benefits of use of AD WP5: Potential benefits, contractual and market mechanisms WP4: Communication architecture



Gain insight in benefits of use of AD Information management Acceptance of AD by BRPs



Impact of AD on the network loading situation



Retailers



Level of importance depends on level of deployment of AD



+ BRPs



Gain insight in benefits of use of AD



WP5: Potential benefits, contractual and market mechanisms



Relationship aggregator – BRP



WP2: Metering, DSM & DER flexibility management



Information management



WP4: Communication architecture



DSOs



Level of importance depends on level of deployment of AD



WP2: Metering, DSM & DER flexibility management



+ TSOs



(Temporary) restrictions on use of AD



WP3: Active grid operation



Technical validation process Buy back services Influence of AD services on the efficiency assessment of DSOs and TSOs



DSOs



Level of importance depends on level of deployment of AD



+ TSOs



Design of an appropriate regulatory scheme



Impact of AD on the control area balance



TSOs



WP5: Regulatory schemes



Level of importance depends on level of deployment of AD



WP4: Communication architecture



Use of AD linked to trading activities



WP3: Active grid operation



Transparency towards TSO Reasonable estimations of impact of AD Minimum requirements on the volume of AD services



All participants in AD markets



Definition + standardisation of AD services



Work started in WP1 and continued in:



Design an appropriate regulatory and market scheme



WP2: Aggregators and AD for deregulated players



Grouping AD services of several aggregators



WP3: AD for DSOs and TSOs WP5: Regulatory and market schemes



Lack of allowance to use AD services to compensate generation imbalances



All participants wishing to optimise their electricity procurement by AD services



Allow use of AD flexibilities for imbalances on generation side



Structure of ancillary services obligation



All players with ancillary services obligations



Design reserve obligation to allow production and demand flexibilities



WP3: Active grid operation



Lack of incentives to manage



Decentralized electricity prod +



Design an appropriate regulatory and market scheme



WP5: Regulatory and market schemes
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electricity prod with regulated tariffs



Regulatory treatment of cost associated with AD services for DSOs and TSOs



DSOs + TSOs wishing to use AD services



Design an appropriate scheme with incentives for efficient AD solutions



WP5: Regulatory and market schemes



Contractual issues



All participants involved in AD



Regulatory framework should allow flexibility in setting up or adapting contracts with AD



WP5: Contractual, market and regulatory schemes



Inconsistent or redundant AD service requests



All participants involved in AD



Design an appropriate market scheme Cost/benefit sharing



WP5: Contractual, market and regulatory schemes + Potential benefits



Further Investigation TSO-DSO-aggregator relationship



WP2: aggregator + WP3: DSOs and TSOs



Design an appropriate regulatory scheme



WP5: Regulatory schemes



Conflict of interests for DSOs in the context of validation of AD



DSOs who validate the feasibility of AD services (network point of view)



Inappropriate pricing model



All participants involved in AD



Design appropriate pricing model



WP5: Potential benefits and market schemes



Monitoring of service provision



All participants involved in AD



Measure total reaction



WP2: Metering, DSM & DER flexibility management



Capacity-oriented vs use-oriented approach



WP3: roles of DSO and TSO



Consumer profile or prototypes



WP4: Communication architecture



Actual measurement in Energy Box



WP5: Contractual, market and regulatory schemes



Forecasted load curve by aggregator or by the buyer Position of the retailer at gate closure Target load curve or target curve for load modification specified by the buyer (or aggregator) Inappropriate information management



All participants involved in AD



Appropriate information management within regulatory/legislative framework



WP4: Communication architecture



Uncertain AD availability



All participants wishing to make use of AD services



Deal with it by market schemes (cfr cross-border capacities) + contractual framework



WP5: Contractual, market and regulatory schemes



WP5: Regulatory schemes



Provide alternatives for AD Uncertainty of real network topology



DSOs and TSOs wishing to use AD services for network relief at specific locations or to provide tertiary reserves at a specific network node



Information exchange aggregator – DSO and/or TSO(different level of detail possible)



Uncertainty of load recovery (energy “payback” effect)



Retailers + demand aggregators + BRP + TSO/DSO + consumers



Take it into account in predictions + in AD services definitions + investigate impact of length of AD cycles on electricity cost



WP2: aggregator’s strategies



Inappropriate activation dynamics of AD



TSOs wishing to use AD for tertiary control



Level of importance depends on level of deployment of AD



WP3: Active grid operation



Gain insight in predictability (e.g. field tests)



WP6: Field testing
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Appendix J. Relevant elements of standardisation and brief description of the UML approach The previous appendices were devoted to the description of the results obtained in WP1 of the ADDRESS project regarding the development of the conceptual technical and commercial architectures that will be further implemented in the other WPs. Appendix J now provides relevant elements of standardization as well as a brief overview of the UML approach that will be used in the project. In particular, this Appendix summarizes the information and examples of models developed regarding the roles and interaction of power system participants. The main objective is to determine, which standards and methods we could leverage in the ADDRESS project and ADDRESS Framework proposal. Therefore after some generalities about standards given in Section J.1, the next section (Section J.2) presents the international (and European) standardization context (UN/CEFACT, ETSO, ebIX, EFET, ENTSO, IEC, etc.) to be considered in the ADDRESS project both because it will have an impact on the project work and because the results of the project will hopefully bring useful inputs/recommendations to the corresponding standardization bodies and therefore have an impact in some way on the evolution of the standards produced. Then Section J.3 describes the main proposal for ADDRESS framework. Finally, Section J.4 explains the benefits of using a formal specification such as UML models for the ADDRESS information system. It provides a brief introduction to UML and the 4 main diagrams that will be used: use case diagrams, sequence diagrams, activity diagrams and class diagrams. Then further steps for use case management in the other WPs of the project are listed.



J.1. Generalities about standards Standards are aimed towards providing a stable framework to industry and users enabling common goals at design phase, products interoperability and efficiency by removing technical barriers and leading to open competition and economic growth. The effective standardization process of any given business process or data exchange model is linked to the availability of normalized conformance testing procedures ensuring interoperability as well as public acceptance and support. Under normal circumstances standards come from two main sources, newly defined and de-facto. The first type includes those standards appearing after the identification of one current or future need by some entity promoting a standardization body work; the second type comes when an initially proprietary solution receives increased interest by third parties and, after it is widely supported, it is formally transformed into an standard (Internet protocols is a good example). It is interesting to notice that standards produced by public or private bodies do not have any guarantee that the proposition would become in use in the future if such a reference is not supported by major manufacturers or it is considered as a pre-requisite for competitive products. In fact, the observation of Information and Communication Technologies (ICT) experience demonstrates that concurrent supposed-to-be standards fail to succeed outside their influence area and sometimes, gateways and interfacing applications are developed to translate from model to model, from communication protocol to communication protocol to enable the interoperability between platforms but none of them are abandoned in favour of the competence proposal.
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J.2. Standardization context: UN/CEFACT, ETSO, ebIX, EFET, ENTSO, IEC, etc. This section presents the standardization context to be considered in the ADDRESS project both because it will have an impact on the project work and because the results of the project will hopefully bring useful inputs to the standardization bodies and therefore influence the evolution of the standards.



J.2.1. Standardization work at the United Nations level: UN/CEFACT J.2.1.1



UN/CEFACT presentation



Over the past 40 years, the United Nations Centre for Trade Facilitation and Electronic Business (UN/CEFACT) has developed and maintained a series of recommendations and standards for international trade. UN/CEFACT’s mission is to improve the ability of business, trade and administrative organizations, from developed and transitional economies, to exchange products and relevant services effectively. Its principal focus is on facilitating national and international transactions, through the simplification and harmonization of processes, procedures and information flows, and so contributes to the growth of global commerce. Participation in UN/CEFACT is open to United Nations Member States, intergovernmental organizations and non-governmental organizations recognized by the United Nations Economic and Social Council (ECOSOC). Through this participation of government and business representatives from around the world, UN/CEFACT has developed a range of trade facilitation and e-business standards, recommendations and tools that are approved within a broad intergovernmental process and implemented globally. These reflect best practices in trade procedures and data and documentary requirements. They are used worldwide to simplify and harmonize international trade procedures and information flows. The International Organization for Standardization (ISO) has adopted many of them as international standards. The full versions of these recommendations, along with their associated guidelines and code lists, are available free of charge from the following website: http://www.unece.org/cefact/. J.2.1.2



UN/CEFACT Techniques and Methodologies Group (http://www.untmg.org/)



UN/CEFACT Techniques and Methodologies Group (TMG) is one of the five permanent working groups of UN/CEFACT. The purpose of the TMG is to provide all UN/CEFACT Groups with Meta (base) Business Process, Information and Communication Technology specifications, recommendations and education. The TMG also functions as a research group evaluating new ICT, as well as techniques and methodologies that may assist UN/CEFACT and its groups to fulfil their mandate and vision in trade facilitation and e-business. The Group produces trade facilitation and electronic business recommendations and technical specifications to advance global commerce continuing the work of the former TMWG, such as the Core Component Technical Specification (CCTS) and the UN/CEFACT Modelling Methodology (UMM). Its membership is open to experts with broad knowledge in the area of business process, information and communications specifications, architecture, as well as current techniques and methodologies used within UN/CEFACT, technological developments, and the functions of UN/CEFACT and its groups.
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UN/CEFACT Modelling Methodology (UMM)



The primary goal of UMM is to capture business requirements of inter-organizational business processes. These requirements result in a platform independent UMM model. The UMM model can then be used to derive deployment artefacts for the IT systems of the participating business partners. UMM enables to capture business knowledge independent of the underlying implementation technology, like web services or ebXML. The goal is to specify a global choreography of a business collaboration serving as an “agreement” between the participating partners in the respective collaboration. Each business partner derives in turn its local choreography, enabling the configuration of the business partner’s system for the use within a Service Oriented Architecture (SOA). In order to guarantee user acceptance of the UMM, it must be both effective and easy to understand for the business process modellers and software architects. UMM is based on the Unified Modelling Language (UML). Refer to http://umm-dev.org/ for more information on UMM.



J.2.2. Standardization work for data exchanges in the European Market: ETSO, ebIX, EFET With the change in the operation of the electricity market following various European Directives, leading to the total deregulation of European markets and with the need to take new partners into account, many more data exchanges are required. This new energy market needs also more coordination between the various market participants. Different national interchange standards mean that electricity suppliers for more than one country need to manage heterogeneous data. This results in operational problems for market participants. In order to ease the communication between the market participants three main associations were created in Europe: • ETSO (European Transmission System Operators) was created in 1999. The Task Force EDI (Electronic Data Interchange) of this association takes care of the exchanges at the transmission level. • ebIX (European forum for energy Business Information eXchange) operates at the distribution level. • EFET (European Federation of Energy Traders) is a virtual organisation designed to improve the conditions of energy trading in Europe. These three associations try to harmonise their work and all the business processes are based on the same actors (the so called ETSO-ebIX-EFET harmonized Role Model). It seems necessary that all these data rationalisation efforts may be held at the international level in order to have only one information model in the electrotechnical field. IEC (International Electrotechnical Commission), in particular, the TC 57 (Technical Committee - Power systems management and associated information exchange) is the good place to hold this international work. A European sub-team of the Deregulated Energy Market Communications working group (IEC WG16) incorporates ETSO messages completing the Common Information Model (CIM) IEC standard with market aspects. This new package is named the CME (CIM Market Extension). J.2.2.1



ETSO (http://www.entsoe.eu/)



Figure 45 shows the ETSO Role Model. The ETSO role model is recommended to ADDRESS. It will help to identify and define the players. Refer to http://www.entsoe.eu/index.php?id=73 for more information. ETSO Modelling Methodology (EMM) is aimed at the production of an implementation guide for a defined business process within the energy market. ETSO was set up in order to harmonize data interchanges and especially the documents to be Copyright ADDRESS project
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exchanged, connected with scheduling and settlement process. This organization developed electricity market models and defines XML (eXtensible Markup Language) schemes for data interchange between market participants. Since its creation, ESTO has developed the following industrial standards in compliance with UN/CEFACT recommendations: • EMM: ETSO Modelling Methodology. • ERM: ETSO Role Model of Electricity market. • EIC: ETSO Identification Coding scheme to identify parties and domains. • ESS: ETSO Scheduling System for scheduling exchanges. • ESP: ESTO Settlement Process for settlement information exchanges between parties Now ETSO is part of ENTSO-E (see subsection J3.3.3)



Role Model 1. Harmonisation of vocabulary 2. Definition of terms 3. Identification of roles and domains



Identification Functional domains



Identification Roles of actors



Identification geographical domains



Figure 45. ETSO Role Model



It should be noted that the European project FENIX defined its role model based on the ETSO role model (see Figure 46):
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Figure 46. Fenix Role Model J.2.2.2



ebIX



The purpose of ebIX (European forum for energy Business Information eXchange) is to advance, develop and standardise the use of electronic information exchange in the energy industry. The main focus is on interchanging administrative data for the internal European markets for electricity and gas. ebIX shall also cover the needs both for the wholesale market (upstream) and the retail market (downstream). ebIX will follow the rules of the European Union where applicable. ebIX is leveraging ETSO role model and UMM methodology. Refer to http://www.ebix.org/ for more information. More specifically, the objective and methodology of ebIX may be summarized as follows. A deregulated European energy market consists of several different business process areas operated by a number of parties with different roles. Each of these business process areas has its own business experts with an in-depth knowledge of the business process within this area. Making common electronic data exchange standards for these different business process areas, involving different business experts, requires a common methodology to assure that standards are made in a harmonised way. The objective of ebIX is to model precisely these different business process areas and to define appropriate electronic data interchange standards for the different business process areas. Accordingly, this has led to the development of a methodology, which defines the rules for how to make ebIX business information models and related technical documents for specification of the exchange of electronic documents. The aim is to enable the ebIX project groups, with different participants and different business experience, to produce harmonised descriptions for the implementation of information exchanges. Having a common methodology as the basis for the ebIX projects will make it possible to implement different business process areas in a harmonised way. The first part of the methodology describes an ebIX project outline. It is an 8-step process, which concludes with a business information model, a set of translation guides and eventual changes to the ebIX Core Components, code lists or other registries/repositories maintained by ebIX. The business Copyright ADDRESS project
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information model will be approved by the ebIX Forum and posted on the ebIX web site for implementation. The second part of the ebIX methodology introduces the UN/CEFACT Modelling Methodology (UMM) and shows the artefacts and main terms used within UMM. This part is meant as an introduction to UMM for business experts from the energy market, participating in ebIX projects, without a profound knowledge of UMM. Note that this part, is not a complete description of UMM and it is expected that business modellers with a deeper foundation in UMM will be responsible for the layout of the business information models. The other parts of the ebIX methodology provide rules for the layout of the documents made in ebIX projects and more detailed technical rules for document content.



J.2.3. Standardization work for European Networks J.2.3.1



UCTE overview



The former Union for the Co-ordination of Transmission of Electricity (UCTE) coordinated the operation and development of the electricity transmission grid from Portugal to Poland and from the Netherlands to Romania and Greece (24 countries). UCTE provided a reliable market platform to all participants of the Internal Electricity Market (IEM) and beyond. Like ETSO, UCTE is now part of ENTSO-E (see subsection J3.3.3) which has taken up its activities. Refer to http://www.entsoe.eu/ for more information. UCTE stands for an efficient and secure operation of the interconnected electrical "power highways" and gives signals to markets when system adequacy declines. Over more than fifty years, UCTE has been issuing all technical standards indispensable for a co-ordination of the international operation of high voltage grids which are all working at one “heart beat”: the 50 Hz, UCTE frequency related to the nominal balance between offer and demand. The UCTE network provides a safe electricity supply for some 430 million people in one of the biggest electrical synchronous interconnections worldwide. J.2.3.2



UCTE and IEC standard



UCTE used CIM for defining its data exchange format. Interoperability tests were organized in 2009. This was an important step forward, because TSO and DSO data exchanges will have to be aligned with this decision. At the distribution level, CIM can also be used to model distribution networks. IEC 61968-13 is defining a profile for network exchange model in Distribution. This profile is harmonized with the one used at the Transmission level. Large-scale CIM Interoperability Test verified UCTE profile: UCTE and the Electric Power Research Institute (EPRI), along with European and American vendors and Transmissions System Operators (TSOs) conducted one of the largest CIM interoperability tests to date. The test, held in March 2009 in Paris, was organized by UCTE, directed by EPRI and hosted by RET (French TSO). J.2.3.3



ENTSO-E



The European Network of Transmission System Operators for Electricity (ENTSO-E), founded in December 2008, coordinates the cross-border system operations, system development and electricity market activities of 42 TSOs from 34 countries. With an increased focus on pan-European coordination, ENTSO-E continues the activities of six former European TSO associations (ATSOI, BALTSO, ETSO, NORDEL, UCTE, UKTSOA), which were wound up in summer 2009. ENTSO-E also is assigned important new tasks in the EU 3rd Internal Energy Market legislative package, namely the development of network codes and of network development plans. Refer to http://www.entsoe.eu/ for more information.
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The regulation on cross-border exchanges of electricity establishes the ENTSO for Electricity in order to ensure optimal management of the electricity transmission network and to allow trading and supplying electricity across borders in the Community. The regulation sees the need for increased cooperation and coordination among transmission system operators to create network codes for providing and managing effective and transparent access to the transmission networks across borders, and to ensure coordinated and sufficiently forward looking planning and sound technical evolution of the transmission system in the Community, including the creation of interconnection capacities, with due regard to the environment. The European TSOs agreed and have founded ENTSO-E ahead of approval and implementation of the 3rd Package. They intend to play an active and important role in the European rule setting process and to push network codes and pan-European network planning forward urgently. Their main objectives are: • promote the reliable operation, optimal management and sound technical evolution of the European electricity transmission system in order to ensure security of supply and to meet the needs of the Internal Energy Market. • Pursue the co-operation of the European TSOs both on the pan-European and regional level. • Promote the TSOs' interests. • Have an active and important role in the European rule setting process in compliance with EU legislation. In ENTSO-E the TSOs cooperate regionally and on the European scale, and through ENTSO-E they communicate their needs and positions on European and regional issues. ENTSO-E’s activities are organized in the three Committees along which the website is structured: System Development, System Operations and Market. They are supported by a Legal & Regulatory Group. The activities are focused on: • reliable operation. • Optimal management. • Sound technical evolution of the European electricity grid. • Security of supply. • Meeting the needs of the Internal Energy Market and facilitating market integration. • Network development statements. • Network codes. • Promotion of relevant R&D and the public acceptability of transmission infrastructure. • Consultation with stakeholders and positions towards energy policy issues. For example the activities of the Association include: • coordinate the development of an economic, secure and environmentally sustainable transmission system. The emphasis lies in the coordination of cross border investments and meeting the European security and quality of supply requirements, while the implementation of investments lies with the TSOs. Europe’s CO2 reduction goals go hand in hand with ambitious European goals for increased use of renewable energy sources. ENTSO-E’s network development plans will play a crucial role in enabling a secure integration of these renewable energy sources into the European transmission networks and electricity supply systems. • Develop technical codes for the interoperability and coordination of system operation in order to maintain the reliability of the power system and to use the existing resources efficiently. • Develop network related market codes in order to ensure non-discriminatory access to the grid and to facilitate consistent European electricity market integration. • Monitor and, where applicable, enforcing the compliance of the implementation of the codes. • Monitor network development. • Promote R&D activities relevant for the TSO industry. Copyright ADDRESS project
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• • • • • • •



Promote public acceptability of transmission infrastructure. Take positions on issues that can have an impact on the development and operation of the transmission system or market facilitation. Enhance communication and consultation with stakeholders and transparency of TSO operations. Perform other tasks of relevance to the Association. Cooperate for reliable operation, optimal management and technical evolution of the European electricity transmission system. Help ensure security of supply. Meet the needs of the liberalized EU Internal Energy Market and facilitating market integration



The Members of the Association can enter into multilateral agreements to formalise and enhance their cooperation in specific areas. The Association can act as a facilitator in the establishment of such agreements and in the monitoring and arbitration of their implementation. Rule-setting and other activities of ENTSO-E will be carried out in close consultation with stakeholders. ENTSO-E will continuously exchange views with stakeholders on issues related to power system planning, operation and market facilitation.



J.2.4. IEC standardization work: IEC TC57 J.2.4.1



Context



The International Electrotechnical Commission (IEC) is an international organization preparing and publishing international standards for all electrical, electronic and related technologies. The IEC is organized in Technical Committees (TC) and Sub-Committees (SC) that include some 700 project & maintenance teams, termed as Working Groups (WGs), carrying out the standards elaboration. WGs are composed of experts all around the world coming from industry, commerce, government, laboratories, research institutions, universities, etc. Technical documents produced by the respective working groups are submitted to the full member National Committees for voting. The process, at IEC, ends with the publication of international standards reviewed on as-needed basis and source of the corresponding national standards. In this context, IEC TC57 is devoted to prepare international standards related to high voltage power systems control equipment and systems: power systems management comprises control within control centres, substations and some primary equipment. The scope covers from Energy Management Systems (EMS) to Distribution Automation, including Supervisory Control And Data Acquisition (SCADA), information exchange for both real-time and non real-time, but also information exchanges for planning, operation and maintenance. The scope also includes information exchange to support wholesale energy market operations. In today’s utility enterprise, where information exchange between the various generation, distributed resource, transmission, and distribution management systems, as well as customer systems and other IT systems is not only desirable but necessary, each system plays the role of either the supplier or consumer of information, or more typically both. That means that both data semantics and syntax need to be preserved across system boundaries, where system boundaries in this context are interfaces where data is made publicly accessible to other systems or where requests for data residing in other systems are initiated. In other words, the “what” of the information exchange is actually much more important for system integration purposes than “how” the data is transported between systems. J.2.4.2



Scope of TC57 Reference Architecture



Originally the charter and title of TC57 was Power System Control and Associated Telecommunications. The focus was on developing different protocol standards to address the data Copyright ADDRESS project
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communications requirements of different parts of power system control, such as data communications over low-speed serial lines, distribution line carrier protocols, and inter-control centre communications protocols. Later as, the scope of the TC57 work broadened to include data exchange between applications within an Energy Management System as well as inter-computer system data exchange between Distribution Management Systems, the charter was changed to Power System Management and Associated Information Exchange, so that the focus shifted from lower level protocol development to a more abstract data models and generic interfaces at higher levels in the architecture. This shift resulted in the creation of new working groups to address the new business functions embraced by the new TC57 Charter, which includes: • energy management. • SCADA and network operation. • Substation protection, monitoring, and control. • Distribution automation. • Network expansion planning. • Customer inquiry. • Meter reading and control. • Operational planning and optimisation. • Maintenance and construction. • Records and asset management. The scope of the TC57 Reference Architecture embraces all these areas from both the abstract information modelling perspective (i.e. Platform Independent Models) as well as the technology mappings for implementation (i.e. Platform Specific Models). J.2.4.3



IEC Standards included in TC57 Reference Architecture



The TC57 Reference Architecture includes the following IEC TC57 standards (the responsible working groups are shown in parentheses): •



60870-5: standards for reliable data acquisition and control on narrow-band serial data links or over TCP/IP networks between SCADA masters and substations (WG3).



•



60870-6: standards for the exchange of real-time operational data between control centers over Wide Area Networks (WANs). This standard is known officially as TASE-2 and unofficially as ICCP (WG7).



•



61334: standards for data communications over distribution line carrier systems (WG9).



•



61850: standards for communications and data acquisition in substations. These standards are known unofficially as the UCA2 protocol standards. They also include standards for hydroelectric power plant communication, monitoring and control of distributed energy resources and hydroelectric power plants (WG10, 17, 18).



•



61970: standards to facilitate integration of applications within a control centre, including the interactions with external operations in distribution as well as other external sources/sinks of information needed for real-time operations. These include the generation and transmission parts of the Common Information Model (CIM), the Generic Interface Definition (GID) interface standards, and eXtensible Markup Language (XML) standards for power system model exchange (WG13).



•



61968: standards for Distribution Management System (DMS) interfaces for information exchange with other IT systems. These include the distribution management parts of the CIM and XML message standards for information exchange between a variety of business systems, such as asset management, work order management, Geographical Information
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Systems (GIS), etc (WG14). •



62325: standards for deregulated energy market communications (WG16).



•



62351: standards for data and communication security (WG15).



Figure 47 shows where these standards are used in the utility operations environment. J.2.4.4



An IEC standard part (61968-9) related to interfaces for meter reading and control



ADDRESS is going to develop the concept of the Energy Box. In this respect standardization work related to the meter is useful to consider and in particular what is done in 61968-9, these standards will have an impact on the work done in ADDRESS and inversely ADDRESS may bring some elements for their evolution. IEC 61968-9 standard specifies the information content of a set of message types that can be used to support many of the business functions related to Meter Reading and Control. Typical uses of the message types include meter reading, meter control, meter events, customer data synchronization and customer switching. Although intended primarily for electrical distribution networks, IEC 61968-9 can be used for other metering applications, including non-electrical metered quantities necessary to support gas and water networks. The purpose of is to define a standard for the integration of Metering Systems (MS), which includes traditional manual systems, and (one or two-way) Automated Meter Reading (AMR) Systems, with other systems and business functions within the scope of IEC 61968. The scope of this standard is the exchange of information between a Metering System and other systems within the utility enterprise. The specific details of communication protocols those systems employ are outside the scope of this standard. Instead, this standard will recognize and model the general capabilities that can be potentially provided by advanced and/or legacy meter infrastructures, including two-way communication capabilities such as load control, dynamic pricing, outage detection, Distributed Energy Resources (DER) control signals and on-request reading. In this way, this standard will not be further impacted by the specification, development and/or deployment of next generation meter infrastructures either through the use of standards or proprietary means. The capabilities and information provided by a meter reading system are important for a variety of purposes, including (but not limited to) interval data, time-based demand data, time-based energy data (usage and production), outage management, service interruption, service restoration, quality of service monitoring, distribution network analysis, distribution planning, demand reduction, customer billing and work management. This standard also extends the CIM to support the exchange of meter data. The “meter” is treated as an “end device”. The end device may contain a metrology capability, it may contain a communications capability, it may be a Load Control unit, and it may contain a mixture of many different types of functionality. It attempts to describe the concept of essentially a shopping-list of functionalities, which may be available in the (logical or physical) end device.
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IEC TC 57 Overview of Standards



EMS Apps.



DMS Apps.



61970



61968



61968



Control Center A



IT-System m



61968



IT-System 1



Control Center B



Inter-CC Datalink



RTU



60870-6



61850



SCADA



60870-6-TASE.2



61970



60870-5-101/104



61970



61334



60870-5-102



Communication Bus



Substation / Field Device 1



Substation / Field Device n



Substation Automation System 60870-5-103



61850



Protection, Control, Metering



60834



61850 Switchgear, Transformers, Instrumental Transformers Figure 47. Application of TC57 Standards to a Power System



More specifically, an end device: • has a unique identity. • Is managed as a physical asset. • May issue events. • May receive control requests. • May collect and report measured values. • May participate in utility business processes. Copyright ADDRESS project
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Figure 48 describes the corresponding information exchanges needs.



Figure 48. Information exchanges needs
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The reference architecture reflects five main logical components (potentially realized as systems or subsystems) related to metering: • Metering System, potentially including Data Collection and Control and reconfiguration functionality. • Meter Data Management. • Meter Maintenance. • Load Management, potentially including Load Control and Load Analysis functionality. • Meter Asset Management. The following paragraphs describe the different elements shown in Figure 48. Metering System (MS) - Control and Reconfiguration. The tasks of the Control and Reconfiguration subcomponent within the Metering System are: • primary interface in executing meter control commands. • Communicating payment system information. • Act as a communication gateway for load control devices. • Service Connect / Disconnect. • Configuration of tariff units of measure and calendar. • Configuration of power quality measurement. • Configuration of meter event recording. • Relay of Load Control signals. • Configuration of meter identity and security credentials. • Fraud detection. This subcomponent is identified separately within the Metering System in order to recognize the existence of Metering Systems that do not have the ability to send messages to meters. 61968-1 describes this subcomponent as “MR-MOP-Meter Configuration.” Load Control. The MS Infrastructure may often be used as a communication gateway to load control units. Load Control units are End Devices with Load Control (LoCo) capability. These are wired to control individual, target devices. End Devices with LoCo functionality can take on different forms. Quite often a dedicated LoCo unit can be located at (or near) the device to be controlled. Another approach is to use meters that have relays, which are configured to serve as LoCo devices. Still another approach is to interface with a customer Energy Management System (which would be another type of end device). Load Management System (LMS). A Load Management System (LMS) is used to manage and control load by the utility in order to promote system reliability. A LMS may perform load forecasting, contingency analysis, and other simulations prior to issuing a load control command. Meter. The meter records the data used for billing on public networks, and data used for network balancing mechanisms.



Readings captured by the MS are collected by a system such as the MDM (Meter Data Management System) before being presented for billing purposes. Billing entities may correct the data, or, in some regions, the energy supplier may perform Validating, Editing, and Estimating (VEE) according to rules established by the appropriate supervising regulatory agency. In any case, those corrections are made available to the user who requests them. Where this International Standard refers to a Meter, it should be realized that a “Meter” is an end device that has metrology capability, it may or may not have communications capability, it may or may not have connect/disconnect capability, or a host of other capabilities. Given that a meter will have metrology capability, it will in all likelihood meter kWh, but possibly also demand, reactive energy and demand, Time Of Use quantities, Interval Data, Engineering quantities, and more.
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Revision 1.0 Load control devices. Load control devices are used to control loads at a “ServiceDeliveryPoint”. The metering system may often have a communication network, which can be used for transmitting load control signals to various “CommunicationsAsset(s)”, in order to control the load presented by the “EndDeviceAsset(s”). Alternatively, the communication network could be used to communicate demand response (price) signals to the “CommunicationsAsset(s)” in order to affect the load presented by the “EndDeviceAsset(s)”. Network Operations (NO). Network Operations (61968-3) may occasionally need to issue load control and pricing signals to meters. This can be done for both economic and emergency reasons



J.3. ADDRESS Framework Proposals J.3.1. ETSO Role Model ETSO role model should be taken into account and upgraded if necessary. NB: it has been leveraged in the FENIX European project. Thus the Address actors would be clearly identified (their role(s), their name, …). A key element here is that an actor can play several roles regarding a Use Case.



J.3.2. ETSO, ebIX: UN/CEFACT methodology should be reused The Methodology proposed to be used in ADDRESS is based on a model integration approach. It can be described as shown in Figure 49.



Figure 49. Model Driven Integration Approach for ADDRESS
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J.3.3. UCTE CIM data exchange format WP4 of the ADDRESS project (see Appendix B) will define this more precisely and how it can be leveraged on Distribution networks and how it may impact ADDRESS project



J.3.4. Standards related to Meters The DLMS/COSEM will be analysed as it is an appropriate standard for communication between concentrators and meters in Europe. Refer to http://www.dlms.com/ for more information.



J.3.5. Standards for Distribution network model (61968-13) and Energy box integration proposal (61968-9, 61850) The key idea here is to model one of the ADDRESS demonstration site using the international standard, and to use the methodology (based on CIM-UN/CEFACT approach) to derive messages that will be implemented by ADDRESS services and which will map some of ADDRESS uses cases. Again WP4 will define this more precisely. For the Energy Box integration as mentioned previously 61968-9 and 61850 will have to be considered and in this respect ADDRESS will propose issues to standardization bodies. The methodology and tools adopted in ADDRESS will reflect what is used at the IEC level. For instance the complete UN/CEFACT methodology will not be used, but key concepts will be retained. The details of the methodology will be described in a later Deliverable produced in WP4 and entitled “Documentation of Software Architecture and encoding in UML, including compiled software with API description” (see Appendix B).



J.4. Introduction to UML model and use case representations In the previous Appendices and in the core document of Deliverable D1.1, the identified AD services have been described in the form of use cases, which describe all the interactions between the players involved in the provision of these services (including those involved in the technical verification), along with their internal processes. Four of them, called the reference use cases (see Appendices C and D or Section 2 of the core document), were further represented in the form of sequence diagrams to show the interactions along a time line. Then in Section 5 of the core document use case diagrams were also used to summarize all these interactions and to represent the conceptual technical and commercial architectures. The objective was to illustrate the use cases, as well as the conceptual technical and commercial architectures developed in WP1 in an efficient and simple way. Therefore representations “close to” UML models were used (see below). However, these representations are not strictly compliant with UML standard and the 31 use cases defined are not complete yet. They will be further detailed and completed in the other WPs of the project (namely WP2, WP3, WP4 and WP5) and their modelling will be made fully compliant to UML to the extent possible.



UML (Unified Modelling Language) is a standardized general-purpose modeling language initially developped and used in the field of software engineering. Its use is now extending to other fields, for instance in Electric Power Systems and Markets. UML offers a standard way to visualize a system's architectural organisation, including elements such as: actors, business processes, components and systems, activities, interactions, database schemas, etc. UML combines best techniques from data modelling, business modelling, object modelling and component modelling. It can be used with all processes and across different implementation technologies. This section first explains the benefits of using a formal specification such as UML models for the Copyright ADDRESS project
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ADDRESS information system. Then it provides a brief introduction to UML and finally further steps for use case management are listed.



J.4.1. Benefits of Using UML Models Among the benefits of using a formal specification such as UML in ADDRESS, we can list: • reduction of misunderstanding risks between needs and developments, • provision a common language in the project for instance for an electrical engineer to talk to an computer engineer, • use of simple diagrams, • easy maintenance and adaptation for specifications to evolve along the project, • international standards can be integrated and appropriated easily for interoperability purposes. These benefits are further detailed/explained below: •



traditional specifications (“the system shall do…”) can be misleading, because of foreign languages, mother tongue of the author, translated into an international broken English, or advanced technical vocabulary that can be meaningless to computer engineers trying to understand the specifications.



•



UML permits you to specify precisely, using very simple diagrams that do not authorize any literal descriptions, and thus avoid these interpretations and ambiguities.



•



UML makes communication between data processing computer engineers and mechanical electrical engineers possible.



•



Thus, ADDRESS and all the nationalities and technical domains of its contributors could use every way to reduce risks of misunderstandings.



•



A UML model is much easier to maintain than a literal specification. Indeed any semantic modification is a single modification action in the UML model, whereas it requires lots of effort to modify a literal specification at any level. ADDRESS is a dynamic project and its needs are constantly revised and re-evaluated. It can have heavy consequences if the specifications cannot adapt to this reactivity.



•



UML is very adapted to describe an Information Technology architecture based on object modelling concepts, applied in international communication standards like IEC-61850 and CIM (Common Information Model). One of the main issues of ADDRESS is to have various contributors interacting with each other, and its results, that are to be public, should make sure that interoperability is ensured. Using recognized standards in a approved context is an interesting opportunity to get to there.



•



UML models are easy to read (free navigators and viewers) and can be exported in the simple html web page, and portability of the format of the model (.xmI electronic files) that can be reused by any UML tool, is very valuable for collaboration in such a large project with various contributors, and aiming to deliver its results in the public domain.



J.4.2. Introduction to UML Notions This subsection is not a UML lesson, but only gives an overview of the key diagrams, using simple symbols (examples of symbols shown below) contained in a UML model, and their goal. UML model describes how a system could behave using various diagrams as listed below. In the ADDRESS case, the model describes how the power system with the Aggregator could behave. Four types of diagrams will be used in ADDRESS for the use-case representations: use-case diagrams, sequence diagrams, activity diagrams and class diagrams. They are briefly described below and illustrated using simple examples provided in the Enterprise-Architect software.
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Use-case Diagram



The UML use-case diagram shows the functionality provided by a system in terms of the actors, their goals possibly represented as use cases and any relationships between actors and use cases in order to achieve the goal (i.e. functionalities). An example of a use case diagram (case represented completely outside the ADDRESS scope) is shown on Figure 50.



Figure 50. Example of a use case diagram (taken from Enterprise-Architect)



J.4.2.2



Sequence Diagram



The sequence diagram shows how objects communicate with each other in terms of a sequence of messages. It also indicates the lifespans of the objects relative to those messages. In other words the sequence diagram shows the interactions, starting from top of the diagram to the bottom, between each step of the process. Every arrow shows an exchange of information between actors or systems. Figure 51 shows an example of a UML sequence diagram (case represented completely outside the ADDRESS scope). By comparison, Figure 52 shows the sequence diagram used to illustrate the provision of Conditional Re-Profiling for VRPF control (fast) for the DSO which is the CRP reference use case for the provision of AD services to regulated players (see Appendix D). As mentioned above this sequence diagram is not complete and it is not strictly UML-compliant. But it will be revised and completed in WP3.



Copyright ADDRESS project



page 281 of 287



ADDRESS Technical and Commercial Conceptual Architectures - Appendices ADD-WP1-T1.5-DEL-EDF-D1.1-Technical_and_Commercial_Architectures-Appendices



Revision 1.0



Figure 51. Example of a sequence diagram (taken from Enterprise-Architect)



J.4.2.3



Activity Diagram



An activity diagram represents the business and operational step-by-step workflows of components in a system and therefore represents the various sub-activities in a process. In other words, an activity diagram describes the behaviour and the flow of actions in order to achieve a process, by comparison to the sequence diagram which presents the interactions between actors and their own processes. An example of an activity diagram (case represented completely outside the ADDRESS scope) is given in Figure 53. Possible examples inside ADDRESS scope could be: • Activity 1: Data Acquisition and Load Flow Calculation • Activity 2: Identification of Constraints • Activity 3: Operator Analysis of Constrained Situations and Choice of Solutions Activity diagrams offer information system developers a logical way to identify the functional needs and logical flows.
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Revision 1.0 sd CRP-VRP-FT (Conditional Re-Profiling for Voltage Regulation and Power Flow Control Fast) Market DSO



Aggregator



Energy Box



TSO



Market participants (from Actors)



Consumer (from Actors)



(from Actors)



1.(detection critical situation process) The matching process could be launched in the defined Time frame (gate closure)



2.(determination solutions process) 3.send(AD informations)



The process of the aggregation could be launched in the defined Time frame



4.request(offers to meet its needs) 6.send(offers submission)



5.make offers process()



7.make offers process()



8.send(offers submission) 9.matching process() 10.send(matching process results) 11.send(matching process results) 12.send(matching process results) 13.(voltage and power flow checking) 14.(checking technical feasibility process) 15.(DSO launch technical plan process) 16.send(technical result) 17.(checking technical feaibility process) 18.send(acceptance) 19.send(acceptance AD)



20.request(AD activation) 21.request(AD activation )



(from Actors) : DSO identifies sections of the network which(from for a Actors) certain period (days, weeks, months or Context longer) can be weak with respect to network operation constraints, e.g. power flow or voltage profiles are foreseen to be close to limits.



(from Actors)



(from Actors)



Figure 52. Sequence diagram for the provision of Conditional re-profiling for VRPF control (fast) for the DSO (regulated player CRP reference use case)



J.4.2.4



Class Diagram



Class diagrams define the different data models that are required in the processes and interactions within the model. An example of an class diagram (case represented completely outside the ADDRESS scope) is given in Figure 54. More specifically, a class is a construct that is used as a template to create objects of that class. This template describes the state and behavior that the objects of the class all share. An object of a given class is called an instance of the class. The class that contains (and was used to create) that instance can be considered as the type of that object (e.g. an object instance of the "Fruit" class would be of the type "Fruit”). A class usually represents a noun, such as a person, place or (possibly quite abstract) thing. It encapsulates state through data placeholders called attributes (or member variables or instance variables); it encapsulates behavior through reusable sections of software code called methods. A class diagram is a static structure diagram that describes the structure of the system by showing the system's classes, their attributes, and the relationships between the classes. In other words the class diagram describes the static data exchanged within the system. Developers use class diagrams to implement data models in the information system.
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User Validation



User Logs In



View BookStore



Select Book for Purchase Rejected Add to Shopping Basket



View Shopping Basket



Commit Order



Supply Credit Card Details



Credit Card Problems



Credit Check



Confirm Purchase Close Order Items Deliv ered



Order Complete



Figure 53. Example of an Activity Diagram



J.5. Use Cases management in ADDRESS The following approach is proposed for the management of use cases in ADDRESS: • further describe and complete use cases in Word format first (text) in WP2, WP3, WP5 (see Appendix B for project structure). • Identify major ADDRESS artefacts (classes, attributes, relations). • Choose a UML tool. • Translate uses cases in UML using mainly sequence diagrams and use case diagrams. • Identify CIM UML artefacts, as well as missing artefacts needed by ADDRESS. • Based on this model, define message types that would have to be exchanged between ADDRESS actors and their different roles, according to ETSO role Model and some upgrade proposals to the role model.
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StockItem -



Author: string catalogNumber: string costPrice: number listPrice: number title: string



«property» + Author() : string + CatalogNumber() : string + CostPrice() : number + ListPrice() : number + Title() : string -item



LineItem -



Order -



date: Date deliveryInstructions: string orderNumber: string



quantity: int



«property» + Item() : StockItem + Quantity() : int



+ checkForOutstandingOrders() : void «property» + Date() : Date + DeliveryInstructions() : string + LineItem() : LineItem + OrderNumber() : string + Status() : OrderStatus



ShoppingBasket -



shoppingBasketNumber: string



+ + + +



addLineItem() : void createNewBasket() : void deleteItem() : void processOrder() : void



«property» + LineItem() : LineItem -basket -status «enumeration» OrderStatus closed delivered dispatched new packed



-account Account -



billingAddress: string closed: bool deliveryAddress: string emailAddress: string name: string



+ + + + + +



createNewAccount() : void loadAccountDetails() : void markAccountClosed() : void retrieveAccountDetails() : void submitNewAccountDetails() : void validateUser(string, string)



Transaction -account



-



date: Date orderNumber: string



-history + loadAccountHistory() : void + loadOpenOrders() : void «property» + Account() : Account + Date() : Date + LineItem() : LineItem + OrderNumber() : string



«property» + Basket() : ShoppingBasket + BillingAddress() : string + Closed() : bool + DeliveryAddress() : string + EmailAddress() : string + Name() : string + Order() : Order



Figure 54. Example of a Class Diagram
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J.6. Notations, Abbreviations, Acronyms of Appendix J AM



Asset Management.



AMI



Advanced Metering Infrastructure.



AMR



Automated Meter Reading.



CCTS



Core Component Technical Specification.



CIM



Common Information Model.



CME



CIM Market Extension.



DER



Distributed Energy Resources.



DLMS - COSEM



Device Language Message Specification – COmpanion Specification for Energy Metering



DMS



Distribution Management System.



ebIX



European forum for energy Business Information eXchange.



ebXML



Electronic Business using eXtensible Markup Language.



ECOSOC



United Nations Economic and Social Council.



EFET



European Federation of Energy Traders.



EIC



ETSO Identification Coding.



EMM



ETSO Modelling Methodology.



ENTSO-E



European Network of Transmission System Operators for Electricity.



EPRI



Electric Power Research Institute.



ESP



ETSO Settlement Process.



ESS



ETSO Scheduling System.



ERM



ETSO Role Model of Electricity market.



ETSO



European Transmission System Operators.



GID



Generic Interface Definition.



GIS



Geographical Information Systems.



ICT



Information and Communication Technologies.



IEC



International Electrotechnical Commission.
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Internal Electricity Market.



ISO



International Organization for Standardization.



LoCo



Load Control.



LMS



Load Management System.



MDM



Meter Data Management System.



mRID



Master Resource Identification.



MS



Metering Systems.



NO



Network Operations.



RF



Radio Frequency.



SOA



Service Oriented Architecture.



TC 57



Technical Committee Power systems management and associated information exchange.



TMG



UN/CEFACT Techniques and Methodologies Group.



TSO



Transmission System Operator.



UCTE



Union for the Co-ordination of Transmission of Electricity.



UN/CEFACT



United Nations Centre for Trade Facilitation and Electronic Business.



UML



Unified Modelling Language.



UMM



UN/CEFACT Modelling Methodology.



VEE



Validating, Editing, and Estimating.



XML



eXtensible Markup Language.
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Rewriting the OS X Address Book: no previous coding experience ... 

Getting Started. Page 6. The Model. Page 7. The Model. Page 8. The View. Page 9. Page 10. The Controller ? Page 11. Page 12. Core Data! Shazam! Page 13 ...
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Fr. Kolvenbach's address to the Seventh Forum of the 

It is an awesome responsibility. Moreover, these institutional investors can influence and even control the management o
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Page 1 PATIENT INFORMATION Name Date of Birth Age Address 

Have you ever shared needles? (Aiguna vez has compartido agujas?) DYes DNo. Are you under a lot of stress/pressure in yo
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City State Counter Name Function Address Working Hours Monday To ... 

COUNTER SALITRE BOGOTA. Pick Up Location. CALLE 24 A NUMERO 69 A- 20Local. 19 Sobre la Av La Esperanza. From 9:00 to 18:
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