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RENEWABLE ENERGY POLICY NETWORK FOR THE 21 st CENTURY REN21 is the global renewable energy policy multi-stakeholder network that connects a wide range of key actors. REN21’s goal is to facilitate knowledge exchange, policy development and joint action towards a rapid global transition to renewable energy. REN21 brings together governments, nongovernmental organisations, research and academic institutions, international organisations and industry to learn from one another and build on successes that advance renewable energy. To assist policy decision making, REN21 provides high quality information, catalyses discussion and debate and supports the development of thematic networks.
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Using its multi-stakeholder network, REN21 facilitates the collection of comprehensive and timely information on renewable energy. This information reflects diverse viewpoints from both private and public sector actors, serving to dispel myths about renewable energy and catalysing policy change.



Renewables Global Status Report (GSR) First released in 2005, REN21's Renewables Global Status Report (GSR) has grown to become a truly collaborative effort, drawing on an international network of over 500 authors, contributors, and reviewers. Today it is the most frequently referenced report on renewable energy market, industry, and policy trends.
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Thematic workshops, panel discussions and webinars REN21 convenes and participates in a series of workshops, panel discussions, and webinars to spread information on renewable energy globally.
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The Global Trends in Renewable Energy Investment report (GTR), formerly Global Trends in Sustainable Energy Investment, was first published by the Frankfurt School – UNEP Collaborating Centre for Climate & Sustainable Energy Finance in 2011. This annual report was produced previously (starting in 2007) under UNEP’s Sustainable Energy Finance Initiative (SEFI). It grew out of efforts to track and publish comprehensive information about international investments in renewable energy according to type of economy, technology, and investment. The GTR is produced jointly with Bloomberg New Energy Finance and is the sister publication to the REN21 Renewables Global Status Report (GSR). The latest edition was released in April 2014 and is available for download at www.fs-unep-centre.org.
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The Renewables Global Status Report provides a comprehensive and timely overview of renewable energy market, industry, investment, and policy developments worldwide. It enables policymakers, industry, investors, and civil society to make INFORMED DECISIONS. The report covers recent developments, current status, and key trends; by design, it does not provide analysis or forecast. The Renewables Global Status Report relies on UP-TO-DATE RENEWABLE ENERGY DATA, provided by an INTERNATIONAL NETWORK of more than 500 contributors, researchers, and authors.



EXECUTIVE SUMMARY In June 2004, delegates from 154 countries converged in Bonn, Germany, for the world’s first government-hosted international conference on renewable energy. REN21 emerged from that process to become the first international organisation to track renewable energy developments. At that time, there were visible upwards trends in global renewable energy capacity and output, investment, policy support, investment, and integration. Yet even ambitious projections did not anticipate the extraordinary expansion of renewables that was to unfold over the decade ahead. Global perceptions of renewable energy have shifted considerably since 2004. Over the last 10 years, continuing technology advances and rapid deployment of many renewable energy technologies have demonstrated that their potential can be achieved. Renewables advanced further towards realising that potential during 2013.



■ ■CONTINUED RENEWABLE ENERGY GROWTH Renewable energy provided an estimated 19% of global final energy consumption in 2012,i and continued to grow in 2013. Of this total share in 2012, modern renewables accounted for approximately 10%, with the remainder (estimated at just over 9%) coming from traditional biomass.ii Heat energy from modern renewable sources accounted for an estimated 4.2% of total final energy use; hydropower made up about 3.8%, and an estimated 2% was provided by power from wind, solar, geothermal, and biomass, as well as by biofuels. The combined modern and traditional renewable energy share remained about level with 2011, even as the share of modern renewables increased. This is because the rapid growth in modern renewable energy is tempered by both a slow migration away from traditional biomass and a continued rise in total global energy demand. As renewable energy markets and industries mature, they increasingly face new and different challenges, as well as a wide range of opportunities. In 2013, renewables faced declining policy support and uncertainty in many European countries and the United States. Electric grid-related constraints, opposition in some countries from electric utilities concerned about rising competition, and continuing high global subsidies for fossil fuels were also issues. Overall—with some exceptions in Europe and the United States—renewable energy developments were positive in 2013. Markets, manufacturing, and investment expanded further across the developing world, and it became increasingly evident that renewables are no longer dependent upon a small handful of countries. Aided by continuing technological advances, falling prices, and innovations in financing—all driven largely by policy support—renewables have become increasingly affordable for a broader range of consumers worldwide. In a rising number of countries, renewable energy is considered crucial for meeting current and future energy needs.



As markets have become more global, renewable energy industries have responded by increasing their flexibility, diversifying their products, and developing global supply chains. Several industries had a difficult year, with consolidation continuing, particularly for solar energy and wind power. But the picture brightened by the end of 2013, with many solar photovoltaics (PV) and wind turbine manufacturers returning to profitability. The most significant growth occurred in the power sector, with global capacity exceeding 1,560 gigawatts (GW), up more than 8% over 2012. Hydropower rose by 4% to approximately 1,000 GW, and other renewables collectively grew nearly 17% to more than 560 GW. For the first time, the world added more solar PV than wind power capacity; solar PV and hydropower were essentially tied, each accounting for about one-third of new capacity. Solar PV has continued to expand at a rapid rate, with growth in global capacity averaging almost 55% annually over the past five years. Wind power has added the most capacity of all renewable technologies over the same period. In 2013, renewables accounted for more than 56% of net additions to global power capacity and represented far higher shares of capacity added in several countries. Over the past few years, the levelised costs of electricity generation from onshore wind and, particularly, solar PV have fallen sharply. As a result, an increasing number of wind and solar power projects are being built without public financial support. Around the world, major industrial and commercial customers are turning to renewables to reduce their energy costs while increasing the reliability of their energy supply. Many set ambitious renewable energy targets, installed and operated their own renewable power systems, or signed power purchase agreements to buy directly from renewable energy project operators, bypassing utilities. By the end of 2013, China, the United States, Brazil, Canada, and Germany remained the top countries for total installed renewable power capacity; the top countries for non-hydro capacity were again China, the United States, and Germany, followed by Spain, Italy, and India. Among the world’s top 20 countries for non-hydro capacity, Denmark had a clear lead for total capacity per capita. Uruguay, Mauritius, and Costa Rica were among the top countries for investment in new renewable power and fuels relative to annual GDP. In the heating and cooling sector, trends included the increasing use of renewables in combined heat and power plants; the feeding of renewable heating and cooling into district systems; hybrid solutions in the building renovation sector; and the growing use of renewable heat for industrial purposes. Heat from modern biomass, solar, and geothermal sources accounts for a small but gradually rising share of final global heat demand, amounting to an estimated 10%. The use of modern renewable technologies for heating and cooling is still limited relative to their vast potential.



i - Note that it is not possible to provide 2013 shares due to a lack of data. ii - Note that there is debate about the sustainability of traditional biomass, and whether it should be considered renewable, or renewable only if it comes from a sustainable source.
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The growth of liquid biofuels has been uneven in recent years, but their production and use increased in 2013. There is also growing interest in other renewable options in the transport sector. The year saw a continued rise in the use of gaseous biofuels (mainly biomethane) and further development of hybrid options (e.g., biodiesel-natural gas buses, and electric-diesel transport). There are limited but increasing initiatives to link electric transport systems with renewable energy, particularly at the city and regional levels. Some highlights of 2013 include: ◾◾ In the European Union, renewables represented the majority of new electric generating capacity for the sixth consecutive year. The 72% share in 2013 is in stark contrast to a decade earlier, when conventional fossil generation accounted for 80% of new capacity in the EU-27 plus Norway and Switzerland. ◾◾ Even as global investment in solar PV declined nearly 22% relative to 2012, new capacity installations increased by about 32%. ◾◾ China’s new renewable power capacity surpassed new fossil fuel and nuclear capacity for the first time. ◾◾ Variable renewables achieved high levels of penetration in several countries. For example, throughout 2013, wind power met 33.2% of electricity demand in Denmark and 20.9% in Spain; in Italy, solar PV met 7.8% of total annual electricity demand. ◾◾ Wind power was excluded from one of Brazil’s national auctions because it was pricing all other generation sources out of the market. ◾◾ Denmark banned the use of fossil fuel-fired boilers in new buildings as of 2013 and aims for renewables to provide almost 40% of total heat supply by 2020. ◾◾ Growing numbers of cities, states, and regions seek to transition to 100% renewable energy in either individual sectors or economy-wide. For example, Djibouti, Scotland, and the small-island state of Tuvalu aim to derive 100% of their electricity from renewable sources by 2020. Among those who have already achieved their goals are about 20 million Germans who live in so-called 100% renewable energy regions. The impacts of these developments on employment numbers in the renewable energy sector have varied by country and technology, but, globally, the number of people working in renewable industries has continued to rise. An estimated 6.5 million people worldwide work directly or indirectly in the sector.



■ ■AN EVOLVING POLICY LANDSCAPE By early 2014, at least 144 countries had renewable energy targets and 138 countries had renewable energy support policies in place, up from the 138 and 127 countries, respectively, that were reported in GSR 2013. Developing and emerging economies have led the expansion in recent years and account for 95 of the countries with support policies, up from 15 in 2005. The rate of adoption remained slow relative to much of the past decade, due largely to the fact that so many countries have already enacted policies.
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In 2013, there was an increasing focus on revisions to existing policies and targets, including retroactive changes, with some adjustments made to improve policy effectiveness and efficiency, and others aimed to curtail costs associated with supporting the deployment of renewables. At the same time, some countries expanded support and adopted ambitious new targets. Policy mechanisms continued to evolve, with some becoming more differentiated by technology. Feed-in policies in many countries evolved further towards premium payments in the power sector, and continued to be adapted for use in the heating sector. Particularly in Europe, new policies are emerging to advance or manage the integration of high shares of renewable electricity into existing power systems, including support for energy storage, demand-side management, and smart grid technologies. As in past years, most renewable energy policies enacted or revised during 2013 focus on the power sector. A mix of regulatory policies, fiscal incentives, and public financing mechanisms continued to be adopted. Feed-in policies and renewable portfolio standards (RPS) remained the most commonly used support mechanisms, although their pace of adoption continued to slow. Public competitive bidding, or tendering, gained further prominence, with the number of countries turning to public auctions rising from 9 in 2009 to 55 as of early 2014. Although the heating and cooling sector lags far behind the renewable power sector for attention from policymakers, the adoption of targets and support policies has increased steadily. As of early 2014, at least 24 countries had adopted renewable heating (and cooling) targets, and at least 19 countries had obligations at the national or state/provincial level. Renewable heating and cooling is also supported through fiscal incentives, as well as through building codes and other measures at the national and local levels in several countries. As of early 2014, at least 63 countries used regulatory policies to promote the production or consumption of biofuels for transport; this was up from the 49 reported in GSR 2013. Some existing blend mandates were strengthened, and the use of fiscal incentives and public financing expanded. In some countries, however, support for first-generation biofuels was reduced due to environmental and social sustainability concerns. Although most transport-related policies focus on biofuels, many governments continued to explore other options such as increasing the number of vehicles fuelled with biomethane and electricity from renewable sources. Thousands of cities and towns worldwide have policies, plans, and targets to advance renewable energy, often far outpacing the ambitions of national legislation. Policy momentum continued in 2013 as city and local governments acted to reduce emissions, support and create local industry, relieve grid capacity stress, and achieve security of supply. To accomplish these goals, they increasingly made use of their authority to regulate, make expenditure and procurement decisions, facilitate and ease the financing of renewable energy projects, and influence advocacy and information sharing. As cities seek to share and scale up best practices, highlight their commitments to renewable energy, and account for their achievements, local governments are increasingly prioritising systematic measurement and reporting of climate and energy data.
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50 MW, total new investment in renewable power and fuels was at least USD 249.4 billion in 2013. 3 The GSR 2013 reported a global total of 990 GW of hydropower capacity at the end of 2012; this figure has been revised downward due to better data availability. Data do not include pumped storage. 4 Solar hot water capacity data include water collectors only; including air collectors, estimated totals are 283.4 GW for 2012 and 330 GW for 2013. The number for 2013 is a preliminary estimate. Note that past editions of this table have not considered unglazed water collectors. 5 Biofuel mandates include policies at the national or state/provincial level that are listed both under the biofuels obligation/mandate column in Table 3 (Renewable Energy Support Policies) and in Reference Table R18 (National and State/Provincial Biofuel Blend Mandates). Numbers in the table do not include individual state/ provincial mandates. The 10 countries identified with biofuels mandates in the “Start 2004” column were actually in place as of early 2005, the earliest year for which data are available. Note: Renewable power capacity (including and not including hydropower) and hydropower capacity data are rounded to nearest 5 GW; other capacity numbers are rounded to nearest 1 GW except for global investment, numbers 50 megawatts (MW)i—was an estimated USD 214.4 billion in 2013, down 14% relative to 2012 and 23% lower than the record level in 2011. Including the unreported investments in hydropower projects larger than 50 MW, total new investment in renewable power and fuels was at least USD 249.4 billion in 2013. The second consecutive year of decline in investment—after several years of growth—was due in part to uncertainty over incentive policies in Europe and the United States, and to retroactive reductions in support in some countries. Europe’s renewable energy investment was down 44% from 2012. The year 2013 also saw an end to eight consecutive years of rising renewable energy investment in developing countries. Yet the global decline also resulted from sharp reductions in technology costs. This was particularly true for solar PV, which saw record levels of new installations in 2013, despite a 22% decline in dollars invested. Lower costs and efficiency improvements made it possible to build onshore wind and solar PV installations in a number of locations around the world in 2013 without subsidy support, particularly in Latin America. Considering only net investment in new power capacity, renewables outpaced fossil fuels for the fourth year running. Further, despite the overall downward trend in global investment, there were significant exceptions at the country level. The most notable was Japan, where investment in renewable energy (excluding research and development) increased by 80% relative to 2012 levels. Other countries that increased their investment in 2013 included Canada, Chile, Israel, New Zealand, the United Kingdom, and Uruguay. Despite the overall decline in China’s investment, for the first time ever, China invested more in renewable energy than did all of Europe combined, and it invested more in renewable power capacity than in fossil fuels. Solar power was again the leading sector by far in terms of money committed during 2013, receiving 53% (USD 113.7 billion) of total new investment in renewable power and fuels (with 90% going to solar PV). Wind power followed with USD 80.1 billion. Asset finance of utility-scale projects declined for the second consecutive year, but it again made up the vast majority of total investment in renewable energy, totalling USD 133.4 billion. Clean energy funds (equities) had a strong year, and clean energy project bonds set a new record in 2013. North America saw the emergence of innovative yield-oriented financing vehicles, and crowd funding moved further into the mainstream in a number of countries. Institutional investors continued to play an increasing role, particularly in Europe, with a record volume of renewable energy investment during the year. Development banks were again an important source of clean energy investment, with some banks pledging to curtail funding for fossil fuels, especially coal power.



■ ■DISTRIBUTED RENEWABLE ENERGY IN DEVELOPING COUNTRIES In many parts of the world, the lack of access to modern energy services continues to impede sustainable development. Recent assessments suggest that as many as 1.3 billion people still do not have access to electricity, and more than 2.6 billion people rely on traditional biomass for cooking and heating. However, during 2013, people in remote and rural areas of the world continued to gain access to electricity, modern cooking, heating and cooling as the installation and use of distributed renewable energy technologies increased. This expansion was a direct result of improvements in affordability, inclusion of distributed energy in national energy policies, greater access to financing, increased knowledge about local resources, and moreadvanced technologies that can be tailored to meet customers’ specific needs. Furthermore, increased use of mini-grids supported the spread of renewable energy-powered electrification in un-electrified periurban and rural areas. Recent technical advances that enable the integration of renewables in mini-grid systems, combined with information and communication technology (ICT) applications for power management and end-user services, have allowed for a rapid growth in the use of renewables-powered mini-grids. There is a growing awareness that stand-alone cooking and electricity systems based on renewables are often the most cost-effective options available for providing energy services to households and businesses in remote areas. As a result, an increasing number of countries is supporting the development of decentralised renewable energy-based systems to expand energy access. With the rising awareness that off-grid, low-income customers can provide fast-growing markets for goods and services, and with the emergence of new business and financing models for serving them, rural energy markets are increasingly being recognised as offering potential business opportunities. Many companies have become active across Africa, Asia, and Latin America, selling household-level renewable energy systems and devices. Commercial lenders, social venture capitalists, local and international development entities, governments, and others are actively engaged in the financing of distributed renewable energy. In 2013, levels of participation and progress varied from country to country depending on support policies, broader legal frameworks, and political stability.



i - Except where noted explicitly, investment data in this section do not include hydropower projects >50 MW because these are not tracked by Bloomberg New Energy Finance, the source for these statistics.
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■ ■MARKET AND INDUSTRY TRENDS BIOMASS FOR HEAT, POWER, AND TRANSPORT. Biomass demand continued to grow steadily in the heat, power, and transport sectors. Total primary energy consumption of biomass reached approximately 57 exajoules (EJ) in 2013, of which almost 60% was traditional biomass, and the remainder was modern bioenergy (solid, gaseous, and liquid fuels). Heating accounted for the majority of biomass use, with modern biomass heat capacity rising about 1% to an estimated 296 gigawatts-thermal (GWth). Global bio-power capacity was up by an estimated 5 GW to 88 GW. Bio-power generation exceeded 400 Terawatt-hours (TWh) during the year, including power generated in combined heat and power (CHP) plants. Demand for modern biomass is driving increased international trade in solid biofuels, including wood pellets.



HYDROPOWER. Global hydropower generation during the year was an estimated 3,750 TWh. About 40 GW of new hydropower capacity was commissioned in 2013, increasing total global capacity by around 4% to approximately 1,000 GW. By far the most capacity was installed in China (29 GW), with significant capacity also added in Turkey, Brazil, Vietnam, India, and Russia. Growth in the industry has been relatively steady in recent years, fuelled primarily by China’s expansion. Modernisation of ageing hydropower facilities is a growing global market. Some countries are seeing a trend towards smaller reservoirs and multi-turbine run-of-river projects. There also is increasing recognition of the potential for hydropower to complement other renewable technologies, such as variable wind and solar power.



Liquid biofuels met about 2.3% of global transport fuel demand. In 2013, global production rose by 7.7 billion litres to reach 116.6 billion litres. Ethanol production was up 6% after two years of decline, biodiesel rose 11%, and hydrotreated vegetable oil (HVO) rose by 16% to 3 million litres. New plants for making advanced biofuels, produced from non-food biomass feedstocks, were commissioned in Europe and North America. However, overall investment in new biofuel plant capacity continued to decline from its 2007 peak. GEOTHERMAL POWER AND HEAT. About 530 MW of new geothermal generating capacity came on line in 2013. Accounting for replacements, the net increase was about 455 MW, bringing total global capacity to 12 GW. This net capacity growth of 4% compares to an average annual growth rate of 3% for the two previous years (2010–12). Direct use of geothermal energy—for thermal baths and swimming pools, space heating, and agricultural and industrial processes— is estimated to exceed 300 petajoules (PJ) annually, but growth is not robust. Governments and industry continued to pursue technological innovation to increase efficient use of conventional geothermal resources. In parallel, the use of low-temperature fields for both power and heat continued to expand, increasing the application of geothermal energy beyond high-temperature locations.
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OCEAN ENERGY. Ocean energy capacity, mostly tidal power generation, was about 530 MW by the end of 2013. In preparation for anticipated commercial projects, a handful of pilot installations were deployed during the year for ongoing tests. Particularly in the United Kingdom and France, there are indications that significant capacity growth will occur in the near future, due to concerted industry focus and government support. Major corporations continued to consolidate their positions in the ocean energy sector through strategic partnerships and acquisitions of technology developers.



SOLAR PHOTOVOLTAICS (PV). The solar PV market had a record year, adding more than 39 GW in 2013 for a total exceeding 139  GW. China saw spectacular growth, accounting for nearly one-third of global capacity added, followed by Japan and the United States. Solar PV is starting to play a substantial role in electricity generation in some countries, particularly in Europe, while lower prices are opening new markets from Africa and the Middle East to Asia and Latin America. Interest continued to grow in corporate- and community-owned systems, while the number and size of utility-scale systems continued to increase. Although it was a challenging year for many companies, predominantly in Europe, the industry began to recover during 2013. Module prices stabilised, while production costs continued to fall and solar cell efficiencies increased steadily. Many manufacturers began expanding production capacity to meet expected further growth in demand.



SOLAR THERMAL HEATING AND COOLING. Solar water and air collector capacity exceeded 283 GWth in 2012 and reached an estimated 330 GWth by the end of 2013. As in past years, China was the main demand driver, accounting for more than 80% of the global market. Demand in key European markets continued to slow, but markets expanded in countries such as Brazil, where solar thermal water heating is cost competitive. The trend towards deploying large domestic systems continued, as did growing interest in the use of solar thermal technologies for district heating, cooling, and industrial applications. China maintained its lead in the manufacture of solar thermal collectors. International attention to quality standards and certification continued, largely in response to high failure rates associated with cheap tubes from China. Europe saw accelerated consolidation during the year, with several large suppliers announcing their exit from the industry. Industry expectations for market development are the brightest in India and Greece. WIND POWER. More than 35 GW of wind power capacity was added in 2013, for a total above 318 GW. However, following several record years, the market was down nearly 10 GW compared to 2012, reflecting primarily a steep drop in the U.S. market. While the European Union remained the top region for cumulative wind capacity, Asia was nipping at its heels and is set to take the lead in 2014. New markets continued to emerge in all regions, and, for the first time, Latin America represented a significant share of new installations. Offshore wind had a record year, with 1.6 GW added, almost all of it in the EU. However, the record level hides delays due to policy uncertainty and project cancellations or downsizing.



CONCENTRATING SOLAR THERMAL POWER (CSP). Global CSP capacity was up nearly 0.9 GW (36%) in 2013 to reach 3.4 GW. While the United States and Spain remained the market leaders, markets continued to shift to developing countries with high levels of insolation. Beyond the leading markets, capacity nearly tripled with projects coming on line in the United Arab Emirates, India, and China. An increasing range of hybrid CSP applications emerged, and thermal energy storage continued to gain in importance. Industry operations expanded further into new markets, and global growth in the sector remained strong, but revised growth projections and competition from solar PV in some countries led a number of companies to close their CSP operations. The trend towards larger plants to take advantage of economies of scale was maintained, while improved design and manufacturing techniques reduced costs.



The wind industry continued to be challenged by downward pressure on prices, increased competition among turbine manufacturers, competition with low-cost gas in some markets, reductions in policy support driven by economic austerity, and declines in key markets. At the same time, falling capital costs and technological advances increased capacity factors, improving the cost-competitiveness of wind-generated electricity relative to fossil fuels. The offshore industry continued to move farther from shore and into deeper waters, driving new foundation designs and requiring more-sophisticated vessels.
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In recognition of their contribution, this year’s publication acknowledges the GSR community through illustrations and text on each of the separator pages like this one.
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Renewable energy provided an estimated 19% of global final energy consumption in 2012i, and continued to grow strongly in 2013.ii 1 Of this total share in 2012, traditional biomassiii, which currently is used primarily for cooking and heating in remote and rural areas of developing countries, accounted for about 9%, and modern renewables increased their share to approximately 10%. The combined modern and traditional renewable energy share remained about level with 2011, even as the share of modern renewables increased.2 This is because the rapid growth in modern renewable energy is tempered by both a slow migration away from traditional biomass and a continued rise in total global energy demand.3 Modern renewable energy is being used increasingly in four distinct markets: power generation, heating and cooling, transport fuels, and rural/off-grid energy services. The breakdown of modern renewables, as a share of total final energy use in 2012, was as follows: hydropower generated an estimated 3.8%; other renewable power sources comprised 1.2%; heat energy accounted for approximately 4.2%; and transport biofuels provided about 0.8%.4 (See Figure 1.) During the years 2009 through 2013, installed capacity as well as output of most renewable energy technologies grew at rapid rates, particularly in the power sector.5 (See Figure 2.) Over this



period, solar photovoltaics (PV) experienced the fastest capacity growth rates of any energy technology, while wind saw the most power capacity added of any renewable technology. The use of modern renewables for heating and cooling progressed steadily, although good data for many heating technologies and fuels are lacking.6 (See Sidebar 1, page 23.) Biofuels production for use in the transport sector slowed from 2010 to 2012, despite high oil prices, but picked up again in 2013.7 As renewable energy industries and markets mature, they increasingly face new and different challenges—as well as a wide range of opportunities. In Europe, a growing number of countries has reduced, sometimes retroactively, financial support for renewables at a rate that exceeds the decline in technology costs. Such actions have been driven, in part, by the ongoing economic crisis in some member states, by related electricity over-capacity, and by rising competition with fossil fuels. Policy uncertainty has increased the cost of capital—making it more difficult to finance projects—and reduced investment. (See Policy Landscape section.) During 2013, Europe continued to see a significant loss of start-up companies (especially solar PV), resulting in widespread financial losses.8 On a bright note, the share of renewables in gross final energy consumption in the European Union (EUiv) reached an estimated 14.1% in 2012, up from 8.3% in 2004.9



Figure Renewable Energy Share of Global FinalFinal Energy Consumption, 2012 2012 Figure 1. 1.Estimated Estimated Renewable Energy Share of Global Energy Consumption, Source: See Endnote 4 for this section.
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i - Note that it is not possible to provide 2013 shares due to a lack of data. ii - Endnotes in this report are numbered by section and begin on page 152 (see full version online: http://www.ren21.net/gsr). Endnotes contain source materials and assumptions used to derive data in the GSR, as well as additional supporting notes. iii - Traditional biomass refers to solid biomass that is combusted in inefficient, and usually polluting, open fires, stoves, or furnaces to provide heat energy for cooking, comfort, and small-scale agricultural and industrial processing, typically in rural areas of developing countries. It may or may not be harvested in a sustainable manner. Traditional biomass currently plays a critical role in meeting rural energy demand in much of the developing world. Modern biomass energy is defined in this report as energy derived efficiently from solid, liquid, and gaseous biomass fuels for modern applications. (See Glossary for definitions of terms used in this report.) There is ongoing discussion about the sustainability of traditional biomass, and whether it should be considered renewable, or renewable only if it comes from a sustainable source. For information about the environmental and health impacts of traditional biomass, see H. Chum et al., “Bioenergy,” in Edenhofer et al., eds., IPCC Special Report on Renewable Energy Sources and Climate Change Mitigation (Cambridge, U.K.: Cambridge University Press, 2011). iv - The use of “European Union,” or “EU”, throughout refers specifically to the EU-28.
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Figure 2. 2. Average GrowthRates Rates of Renewable Energy Capacity and Production, Biofuels Production, Figure AverageAnnual Annual Growth of Renewable Energy Capacity and Biofuels End-2008 – End-2008–2013 2013 % 60
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Source: See Endnote 5 for this section.
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Further, renewables operate on an un-level playing field in which energy prices do not fully reflect externalities. Global subsidies for fossil fuels and nuclear power remain high despite discussions about their phase-out, encouraging inefficient energy use while also hindering investment in renewables.10 Depending on the calculation method used, estimates for the global cost of fossil fuel subsidies range from USD 544 billion to USD 1.9 trillion—several times higher than those for renewable energy.11 (See Sidebar 6, GSR 2013.) Electric grid-related challenges continued in 2013. These include lack of transmission infrastructure in some locations, delays in grid connection, and sometimes the curtailment of renewable generation.12 At high penetration levels, variable renewables can pose challenges for electricity grid system operators. A growing number of countries is aiding integration through improvements in grid management practices, improving system flexibility, and modifying existing grid infrastructure and technologies.13 (See Feature, GSR 2013.) Overall, with some exceptions in Europe and the United States, renewables saw a number of significant and positive developments in 2013.14 Wind power moved more firmly into Africa and Latin America; concentrating solar thermal power (CSP) shifted its focus further to the Middle East and North Africa (MENA) region and to South Africa; renewable process heat fuelled industries from Chile to Europe to India; and solar PV continued to spread across the globe, with most capacity on-grid but also significant increases in off-grid markets in developing countries. Such developments make it increasingly evident that renewables are no longer dependent upon a small handful of countries. Indeed, during 2013, major renewable energy 22
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companies further shifted their focus away from traditional markets in Europe and into Africa, Asia, and Latin America, where strong new markets are emerging in all sectors, both on and off the grid.15 Renewables have been aided by continuing advances in technologies, falling prices, and innovations in financing, driven largely by policy support. These developments are making renewable energy more economical than new fossil and nuclear installations under many circumstances, and thus more affordable for a broader range of consumers in developed and developing countries.16 In addition, there is increasing awareness of renewable energy technologies and resources, and their potential to help meet rapidly rising energy demand, while also creating jobs, accelerating economic development, reducing local air pollution, improving public health, and reducing carbon emissions.17 There is also a growing recognition that renewable energy can expand access to modern energy services in developing countries, both rapidly and cost effectively.18 As more attention turns to issues of energy access, as prices decline, and as new business models emerge, it is becoming apparent that rural energy markets in developing countries offer significant business opportunities, and products are being tailored specifically to meet the needs of these markets.19 (See Distributed Renewable Energy section.) Increasingly, renewable energy is considered crucial for meeting current and future energy needs. In Latin America, for example, renewables are now seen as a critical energy source.20 (See Sidebar 2.) To achieve a variety of energy security and sustainability goals, growing numbers of cities, states, and regions around the world seek to transition to 100% renewable



SIDEBAR 1. RENEWABLE ENERGY DATA: CURRENT STATUS AND CHALLENGES OF CAPACITY AND PRODUCTION DATA Reliable, accessible, and timely data on renewable energy are essential for establishing energy plans, defining baselines for targets, monitoring progress and effectiveness of policy measures, and attracting investment. Global data collection on renewables has improved significantly in recent years with more-comprehensive and timelier record keeping, increased accessibility, and better communication among stakeholders. Significant gains have been made over the past decade as governments, industries, and other entities have improved data collection methods. However, there are still large data gaps, particularly in the decentralised applications of renewable energy. The task also grows in complexity as the use of renewable energy increases in scale and expands geographically, making data more difficult to track. A number of challenges remain. In many countries, renewable energy data are not collected systematically and, where data do exist, they vary widely in quality and completeness. Timing of data releases varies considerably, and reporting periods differ. The time lag between developments and availability of data (in many instances two years or longer) can be a barrier to informed decision making, given the rapidly evolving renewable energy landscape. Some challenges are technology or sector specific, due to the decentralised nature of installations and industry structure. For example, most traditional biomass is used for heating and cooking in more than a billion dwellings worldwide, and estimates of total quantities are uncertain. Modern biomass technologies have varying rates of fuel-to-energy conversion, and the wide range of feedstocks, sources, and conversion pathways makes uniform data collection difficult. Even the energy from traded biomass is difficult to track because the traded feedstock can have both energy and non-energy uses.



Many national and international entities do not report data sources and assumptions underlying their statistics. Some data are aggregated under the “other” category, which may or may not include non-renewable products. Other datasets are not publicly available. Methodologies and assumptions (including what is counted and how) can differ markedly among sources, creating inconsistencies and uncertainty about data robustness. Formal (government) data may command some premium in the hierarchy of data, but informal data are also critical for establishing a more comprehensive view of the global renewable energy sector. The challenge is to effectively bring together data from various institutional and individual sources in a consistent, systematic, and transparent context. Several national, regional, and international initiatives have been formed to overcome gaps and improve the quality of renewable energy data, in part by systematically relying on a broader array of both formal and informal sources. These include the Global Tracking Framework under SE4ALL, projects under way at IRENA, regional initiatives in western Africa and the MENA region, and ongoing work by REN21 with global and regional status reports. The collection and processing of renewable energy statistical information can be seen as burdensome; however, inconsistent data collection efforts hamper governments’ capacity to make informed decisions. Experts agree that systematic and enhanced reporting is critical for increasing financing, establishing policy priorities, and improving energy planning over time.
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Renewable heating (and cooling) data, in general, present a challenge because of the relatively large number and variety of technologies involved (e.g., feedstocks, energy conversion technologies, distribution) and the distributed nature of the sector. In some countries, there is a misconception that the use of renewable heating (such as solar thermal collectors for water heating) is an energy efficiency measure, and thus developments are not recorded with other renewable energy data. Capacity and output data on distributed heat, off-grid electricity, and other decentralised applications frequently go uncollected or are otherwise fragmented. Energy output data are challenging to estimate accurately for a variety of reasons, including variability in local resource and system conditions. Where renewables are part of hybrid facilities (such as biomass co-firing, CSP-fossil fuel hybrids), output is often not broken down by source, resulting in overor underestimation of the renewable component. In addition, declining efficiencies of existing stock and retirement and replacement of ageing capacity need to be accounted for, but these are seldom reported and therefore are often subject to estimation.



Source: See Endnote 6 for this section.
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SIDEBAR 2. REGIONAL SPOTLIGHT: LATIN AMERICA AND THE CARIBBEAN Increasing interest in renewable energy in the Latin America and the Caribbean (LAC) region is reflected in ambitious targets and policy support, which have led to rapidly growing investments in renewables, beyond the traditional hydropower sector. By early 2014, at least 19 countries in the region had renewable energy policies, and at least 14 had renewable energy targets, mostly for electricity generation. (See Table 3 and Reference Tables R12 to R15.) For example, Uruguay aims to generate 90% of its electricity from renewable sources by 2015, while Grenada targets 20% primary energy from renewables by 2020. Renewable energy already meets a substantial portion of electricity demand, with hydropower accounting for around half of the region’s total installed power capacity and the vast majority of its renewable power capacity. Especially in Central America, the need for a diversified electricity mix to reduce vulnerability to a changing hydrological profile is driving interest in other abundant renewable energy resources. In Brazil, hydropower expansion is expected to become increasingly constrained by environmental sensitivity and the remoteness of much of the remaining resource. In the Caribbean, countries are aggressively pursuing the deployment of renewables to reduce their heavy reliance on fossil fuels, and thereby increase their economic and energy security. Despite having an average electrification rate of almost 95%, one of the highest among the developing regions, energy access remains a challenge for the LAC region: an estimated 24 million people, primarily in rural and remote areas, still lack access to electricity. Some countries have achieved virtually 100% electrification, while others have far to go. Renewables can play an important role in achieving universal access to modern energy. Solar energy is abundant across the region, which is also home to nearly one-quarter of the world’s geothermal potential, and wind resources are world class in Argentina, Brazil, and Mexico. By one estimate, non-hydro renewable energy has the technical potential to meet more than 50 times the region’s current electricity demand. While the region’s hydropower sector is relatively mature, the vast potential of non-hydro renewables is now beginning to be realised. Wind power has experienced the fastest growth in recent years, with Brazil and Mexico leading the way. With about 1 gigawatt (GW) of geothermal capacity, Mexico is the world’s fifth-largest geothermal power producer, followed in the LAC region by Central America, with a collective 500 MW of capacity. The solar PV market, while increasingly important in off-grid and rural areas, has experienced a shift in focus from small domestic applications to large-scale power plants. In the heating sector, renewable energy applications for domestic, commercial, and industrial use are gaining ground. Solar thermal collectors for water heating are spreading beyond Brazil, one of the world’s top markets. Chile’s mining industry is actively installing solar thermal systems (parabolic trough and flat-plate collectors) to meet its heat energy needs in remote locations. Solar food dryers are used for processing fruits and coffee in Jamaica, Peru, and Mexico.
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Over 80% of the LAC population lives in cities, and the region is urbanising at a rapid pace, with increasing demand for transportation. To meet this demand while slowing the growth of fossil fuel consumption, several countries are promoting the use of biofuels. Biofuels account for 13% of transport fuel in Brazil, and their role is growing in several other countries. Brazil, Argentina, and Colombia lead the region for biofuel production. Several countries have adopted feed-in tariffs, public competitive bidding (tendering), tax incentives, and quotas to drive deployment. The use of public competitive bidding has gained momentum in recent years, with Brazil, El Salvador, Peru, and Uruguay issuing tenders in 2013 for more than 6.6 GW of renewable electric capacity. Eight countries had net metering laws by year’s end, with pilot projects operating in Costa Rica and Barbados. An improved environment for renewables is attracting new national and international investors. Although Brazil experienced a decline in new investment in 2013 for the second year running, others in the region saw significant increases, with Chile, Mexico, and Uruguay committing over USD 1 billion each. Manufacturers are seeking growth opportunities in the region. While the larger economies–Brazil, Argentina, Chile, and Mexico–are the front-runners, manufacturing of renewable energy technologies, such as wind turbines, is spreading across the region. Differences in electricity market structures and regulations have constrained efforts to integrate electricity markets regionally to date, and lack of transmission infrastructure has delayed the development of some projects. Lack of awareness about renewable heat technologies and their potential is impeding their expansion. In addition, the relatively low level of energy demand in some countries—such as the Caribbean nations—makes it difficult to support local industry and can preclude the potential to benefit from economies of scale. Despite a number of nearterm challenges, the region is demonstrating unprecedented growth and presents significant opportunities for expansion.



The “Regional Spotlight” sidebar appeared for the first time in GSR 2013 and is now a regular feature of the report, focussing on developments and trends in a different world region each year. Source: See Endnote 20 for this section.



energy in individual sectors or economy-wide, and many have already achieved their targets.21 As markets have become more global, industries have responded by increasing their flexibility and developing global strategies and supply chains.22 In 2013, manufacturers continued to diversify products to increase product value, and many advanced further into project development and ownership. Many renewable industries saw a rapid increase in worldwide demand for construction and engineering, consulting, equipment maintenance, and operations services.23 Several industries had a difficult year, with consolidation continuing, particularly in solar energy and wind power. But the picture brightened by year’s end, with many solar PV and wind turbine manufacturers returning to profitability.24 Global investment in renewables declined again in 2013, largely due to falling system costs and policy uncertainty.25 Still, renewables outpaced fossil fuels for the fourth year running in terms of net investment in power capacity additions.26 Further, 2013 was a watershed year for renewable energy financing, with the development and enactment of new financing structures that provide access to low-cost money through capital markets.27(See Investment Flows section.) Projects (particularly wind and solar PV) changed hands at record rates during the year, reflecting in part a growing interest in renewable energy asset investments among pension funds and other institutional investors that anticipate solid long-term returns.28 Innovative financing mechanisms, such as crowd funding and risk-guarantee schemes, continued to expand and spread across China, Europe, and the United States, and are increasingly targeting off-grid projects in Africa and Asia.29 A range of actors continued to actively engage in the financing of distributed renewable energy projects for isolated regions of the developing world.30 The impacts of all of these developments on employment numbers in the renewable energy sector have varied by country and technology, but, globally, the number of people working in renewable industries has continued to rise. (See Sidebar 6, page 60, and Table 1, page 63.)



■ ■POWER SECTOR The most significant growth occurred in the power sector, with global capacity exceeding 1,560 GW in 2013, an increase of more than 8% over 2012.31 Hydropower rose by 4% to approximately 1,000 GWi, while other renewables collectively grew nearly 17% to an estimated 560 GW.32 Globally, hydropower and solar PV each accounted for about one-third of renewable power capacity added in 2013, followed closely by wind power (29%).33For the first time, more solar PV than wind power capacity was added worldwide.34 (See Reference Table R1.) Around the world, policy support and investment in renewable energy have continued to focus primarily on the electricity sector. Consequently, renewables have accounted for a growing share of electric generation capacity added globally each year.35 In 2013, renewables made up more than 56% of net additions to global power capacity and represented far higher shares of capacity added in several countries around the world.36 In the EU, renewables accounted for the majority of new capacity for the sixth year running.37 By year’s end, renewables comprised an estimated 26.4% of the world’s power generating capacity.38 This was enough to supply an estimated 22.1% of global electricity, with hydropower providing about 16.4%.39 (See Figure 3.) While renewable capacity continues to rise at a rapid rate from year to year, renewable electricity’s share of global generation is increasing more slowly. This is in large part because overall demand keeps rising rapidly, and also because much of the renewable capacity being added is variable. Even so, variable renewables are achieving high levels of penetration in several countries. For example, throughout 2013, wind power met 33.2% of electricity demand in Denmark and 20.9% in Spain; in Italy, solar PV met 7.8% of total annual electricity demand.40 Hydropower, which provides the single largest share of renewable electricity worldwide, is being used increasingly to balance systems with high shares of variable renewables, sometimes with the aid of pumped storage.



Figure EstimatedRenewable RenewableEnergy Energy Share of Global Electricity Production, End-2013 Figure3. 3. Estimated Share of Global Electricity Production, End-2013 Source: See Endnote 39 for this section.
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Based on renewable generating capacity in operation end-2013. Data do not addBased up dueon to renewable rounding. generating capacity in operation at year-end 2013. i - The GSR 2013 reported a global total of 990 GW of hydropower capacity at the end of 2012; this figure has been revised downward due to better data availability. This adjustment also affects the global figure for total renewable power capacity. In addition, global hydropower data and thus total renewable energy statistics in this report reflect an effort to remove capacity of pure pumped storage from the totals. For more information, see Methodological Notes, page 142.
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Figure 4. Renewable Power Capacities in World, EU-28, BRICS, and Top Six Countries, 2013 Figure 4. Renewable Power Capacities*, EU-28, BRICS, and Top Six Countries, 2013 Gigawatts 600
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Source: See Endnote 49 for this section.



93



40



32



31



Spain



Italy



27



20



0



0 World Total



EU-28



BRICS



China



United States



Germany



India Not including hydropower



*not including hydropower



(See Hydropower section.) Other non-variable renewables such as geothermal and bio-power can play a similar role and provide significant shares of total electricity in some countries. Geothermal power now accounts for 29% of electricity generation in Iceland, and more than one-fifth in El Salvador and Kenya.41 Bio-, geothermal-, and hydropower have long been cost competitive in areas where good resources are available, and this is true for a growing number of technologies in an increasing number of locations.42 The levelised costs of generation from onshore wind and, particularly, solar PV have fallen sharply over the past five years, while average global costs from coal and natural gas generation have increased due to higher capital costs and feedstock prices.43 As a result, an increasing number of wind and solar power projects are being built without public financial support, especially in Latin America, but also in Africa, the Middle East, and elsewhere.44 In response to these changing economics, distributed renewables are starting to challenge traditional electric utility business models, prompting utilities in some countries to push back and call for reduced policy support for renewable electricity.45 At the same time, many utilities from Asia to Europe to North America are investing in wind, solar PV, and other renewables, in addition to hydropower.46 (See Sidebar 7, page 80.)



capacity were again China, the United States, and Germany, followed by Spain, Italy, and India.49 (See Figure 4 and Reference Table R2.) Among the world’s top 20 countries for non-hydro renewable power capacity, those with the highest capacity amounts per inhabitant were all in Europe. Denmark had a clear lead and was followed by Germany, Portugal, Spain, and Sweden.i  50 Considering investment in new renewable power (and fuels) relative to annual GDP, top countries included Uruguay, Mauritius, Costa Rica, South Africa, and Nicaragua.51 While the BRICS ii nations together led for total capacity of all renewables (thanks primarily to China), accounting for approximately 38%, the EU still had the most non-hydro installed capacity of any region at the end of 2013, with about 42% of the global total.52 However, the EU’s share of global renewable power capacity is declining as renewable electricity markets outside of Europe expand. (See Top Five Countries Table on page 16 for other rankings.)



By the end of 2013, China, the United States, Brazil, Canada, and Germany remained the top countries for total installed renewable electric capacity.47 China was home to about 24% of the world’s renewable power capacity, including an estimated 260 GW of hydropower.48 The top countries for non-hydro



i - While there are other countries with high per capita amounts of renewable capacity and high shares of renewable electricity, the GSR focusses here on the top 20 countries for total installed capacity of non-hydro renewables. (See Reference Table R13 for country shares of electricity from renewable sources.) ii - The combined economies of Brazil, Russia, India, China, and South Africa.
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Highlights for 2013 include: ◾◾ China’s new renewable power capacity surpassed new fossil and nuclear capacity for the first time.53 All renewables accounted for more than 20% (> 1,000 TWh) of China’s electricity generation.54In the European Union, renewable power installations represented 72% of new electric capacity, up from 70% in 2012.55 This is in stark contrast to a decade earlier, when conventional fossil generation accounted for 80% of new capacity in the EU-27 plus Norway and Switzerland.56 ◾◾ In the United States, the share of renewable generation rose to nearly 12.9% (12.2% in 2012), despite a drop in hydropower output and competition from cheap natural gas from shale.57 By contrast, the share of net electricity generation from coal declined nearly 19% over the period 2008–2013.58 ◾◾ Spain became the first country to generate more electricity from wind power (20.9% of total) than from any other source for the entire year.59



Around the world, households and businesses are opting increasingly for “green” offerings from traditional utilities and new energy providers, voluntarily buying renewable energy (most commonly electricity) that is produced outside of, or beyond, regulatory requirements. Germany remains one of the world’s leaders for voluntary renewable power purchasing. Its market grew from 0.8 million residential customers in 2006 to 4.9 million in 2012, or 12.5% of all private households in the country. In 2011, they purchased 15 terawatt-hours (TWh) of green power, and commercial customers bought a further 10.3 TWh.i 69 Other major European green power markets include Austria, Belgium (Flanders), Finland, Hungary, the Netherlands, Sweden, Switzerland, and the United Kingdom, although the market share in these countries remains below German levels.70 Green power markets also exist in Australia, Canada, Japan, South Africa, and the United States.71 More than half of U.S. electricity customers have the option to purchase green power directly from their local utility, and 47 of the 50 states (plus the District of Columbia) have utilities and/or competitive electricity suppliers that offer a green power option. In 2012, total U.S. retail green power sales exceeded 48 TWh (about 1.3% of total U.S. electricity sales).72 Major industrial and commercial customers in Europe, India, Mexico, and the United States continued to turn to renewables to reduce their energy costs while increasing the reliability of their energy supply. Many set ambitious renewable energy targets in 2013, installed and operated their own renewable power systems, or signed purchase agreements to buy directly from renewable energy project operators, bypassing utilities.73



◾◾ Wind power was excluded from one of Brazil’s auctions because it was pricing all other generation sources out of the market.63 By year’s end, Brazil had 3.5 MW of commissioned wind power capacity, and more than 10 GW of additional capacity was under contract.64 ◾◾ Even as global investment in solar PV declined nearly 22% relative to 2012, new capacity installations increased by more than 32%.65 ◾◾ By early 2013, at least 18 countries generated more than 10% of their electricity with non-hydro renewable resources, up from an estimated 8 countries in 2010. These included Denmark, El Salvador, Kenya, Lithuania, and Austria.66



The year saw expanded installations of small-scale, distributed renewable systems for remote locations as well as gridconnected systems where consumers prefer to generate at least a portion of their electricity on-site.76 Technology advances are enabling the establishment of micro- and mini-grids that rely significantly, if not entirely, on renewable energy. Micro-grids are emerging in developed countries, in particular, where they are generally connected to an overlying central grid.ii In developing countries, mini-grids are playing an increasingly important role in providing electricity access to remote communities.77 (See Sidebar 8 in GSR 2013.)
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◾◾ India added more than 4 GW of renewable capacity for a total of about 70.5 GW.60 While hydropower represented most of the total (62%), solar PV and wind accounted for almost 70% of 2013 renewable additions.61 Yet India’s power capacity is expanding rapidly, and renewables made up less than 17% of total additions from all sources during 2013.62



Community-owned and co-operative projects also increased in numbers in Australia, Japan, and Thailand, as well as in North America and several countries in Europe.74 Denmark has a long history of co-operatively owned projects; in Germany, almost half of renewable power capacity was citizen owned as of 2013, and about 20 million Germans lived in so-called 100% renewable energy regions.75



◾◾ Many communities and regions around the world have targeted, or already successfully transitioned to, 100% renewable electricity.67 Djibouti, Scotland, and the smallisland state of Tuvalu, for example, aim to derive 100% of their electricity from renewable sources by 2020.68



i - Note that part of this growth is also due to voluntary decisions of suppliers, generally for marketing purposes, to procure renewable electricity for all of their residential customers. Customers of such suppliers account for up to 20% of the voluntary green power market in Germany. (See Endnote 69 for this section.) ii - A micro-grid is a small-scale power grid, with its own power resources, generation, loads, and definable boundaries that can operate independently of, or in conjunction with, an area’s main power grid. It can be intended as back-up power or to bolster main grid power during periods of heavy demand. It is often used to reduce costs, enhance reliability, and/or as a means of incorporating renewable energy.
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■ ■HEATING AND COOLING SECTOR Energy use for the provision of useful heat represents about half of total world final energy consumption.78 Modern renewables (excluding traditional biomass) meet a small but gradually rising share of final global heat demand (about 10%).79 In some markets, they already contribute substantially. For example, renewables provide over 60% of final energy for heat in Iceland and Sweden.80 In Brazil, where bio-heat covers a significant portion of industrial heat demand, the renewable share is about 43%.81 Renewables meet 20% or more of final energy demand for heat in Austria, Denmark, Israel, New Zealand, Norway, and Thailand, and significant shares also in India (11%), Indonesia (7%), and South Africa (6%).82 Modern biomass, solar thermal, and geothermal energy provide hot water and space heating for tens of millions of domestic and commercial buildings around the world. These renewables also supply heat for industrial processes, agricultural applications, and cooking, at a range of temperature levels. Modern biomass accounts for the vast majority (about 90%) of renewable heating.83 Markets for renewable heating and cooling have increased rapidly in recent years, particularly for solar thermal and some bio-energy systems.84 In addition, passive solar building designs provide a significant amount of space heating (and light), and their numbers continue to increase, but they are not included in this report due to lack of data. Bio-heat capacity is growing steadily, at an estimated 1–2% annually.85 During 2013, Central Europe and the United States, in particular, saw a continuing shift towards the use of biomass for heating.86 For old and larger buildings, bioenergy systems— such as district heat systems in Scandinavia or pellet stoves in Austria—can be more cost competitive than heat pumps. For industrial heating, bioenergy is the primary resource replacing fossil fuels, often in combined heat and power (CHP) generating systems.87 Most bio-heat is derived from solid biomass resources, but biogas is becoming an increasingly important heat source.88 Although Europe remains the leading region for bio-heat consumption, mainly for space heating, demand is rising elsewhere, particularly in China.89 The use of biogas as a cooking fuel continues to rise in a growing number of developing countries.90 Over the five-year period to end-2013, the capacity of solar water heaters increased by an average of 14% annually.91 Solar thermal collectors are used worldwide for water (and increasingly for space) heating in homes, schools, hospitals, hotels, and government and commercial buildings.92 Their use is extensive in China, where solar water heaters cost less over their lifetimes than do natural gas or electric heaters.93 An increasing number of district heat systems rely on solar thermal technology, particularly in Central Europe, and interest in solar process heating and cooling also is growing as technologies mature.94 Geothermal energy is used for space heating (including district heat networks), domestic hot water supply, direct and indirect heating of public baths, greenhouses, and process heat for industry and agriculture.95 Technological advances are making it possible to extract heat from even relatively low-temperature geothermal fields for both power and heat generation.96
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Air-, ground-, and water-source heat pumps also provide renewable heating and cooling. One of the more significant trends related to heat pumps is a move towards the use of hybrid systems that integrate several energy resources (such as solar thermal or biomass with heat pumps) for the range of heat applications.97 China’s market for hybrid-heat pump products is double the size of Europe’s, with both growing rapidly.98 There is also growing interest in the use of larger-scale heat pumps for district heating as well as industrial processes.99 (See Sidebar 4, page 42.) Use of modern renewable energy technologies for heating and cooling is still limited compared with their potential. Market growth in this sector continues to lag behind the power sector, due in part to a limited awareness of the technologies, fragmentation of the market, and a relative lack of policy support.100 Further, growth of renewable energy for heating is constrained, in many countries, by high upfront investment costs of some technologies and competition from subsidised fossil fuels. However, where a carbon charge exists, heat users tend to seek low-carbon fuels.101 Consumers in Denmark, Japan, and the United Kingdom can choose “green heat” via voluntary purchasing programmes, but options are relatively limited compared to green power purchasing.102 Despite the relative lack of policies globally in support of renewable heat, several national and local governments have enacted supporting policies or set ambitious targets. Denmark banned the use of fossil fuel-fired boilers in new buildings as of 2013 and aims for renewables to provide almost 40% of total heat supply by 2020; in early 2014, the U.K. launched its Renewable Heat Incentive for residential consumers; and across the EU, all new buildings must be near zero-energy (producing as much energy as they consume) by 2019.103 Beyond Europe, most heatrelated targets focus on solar thermal energy, although Thailand has heat targets for bioenergy as well.104 (See Reference Table R14.) Trends in the heating and cooling sector include the increasing use of renewables for CHP; the feeding of renewable heating and cooling into district systems, particularly in Europe; hybrid solutions to address the building renovation segment; and the growing use of renewable heat for industrial purposes, from Chile to India to the United Arab Emirates.105 At least 20 countries in Europe use renewables in their district heat systems, with at least 20% of EU-wide district heat generated by renewable sources.106 Heat storage systems for low-temperature applications such as district heating have been demonstrated and are now available in some European markets.107 A limited number of countries has begun using district heat systems to absorb heat generated by renewable electricity during periods of excess supply. An example is the use of surplus wind power to heat water, either with heat pumps or directly using resistance heaters.108 Denmark is increasing the reliability of its energy supply by combining variable renewable electricity with CHP and district heating, and has made this practice a cornerstone of its energy policy.109 In 2013, China called on high-wind provinces to begin pilot testing of wind-toheat technologies to ease the strain on local grids and reduce local air pollution.110 There is also a general movement globally towards electrification in the heat sector.111



■ ■TRANSPORT SECTOR Renewable energy is currently used in the transport sector in the form of liquid and gaseous biofuels—mainly for light- and heavyduty road vehicles—and in the form of electricity for trains, light rails, trams, and both two- and four-wheeled electric vehicles (EVs). Liquid biofuels—primarily ethanol and biodiesel (including FAME and HVO i)—account for the largest share of transport fuels derived from renewable energy sources. They meet about 3% of total road-transport fuel demand, and around 2.3% of final liquid fuel demand (and a very small but growing portion of aviation fuels).112 In some countries in Europe, as well as in Brazil and the United States, they represent considerably higher shares.113 The growth of liquid biofuels has been mixed in recent years. Global biofuel production increased again in 2013, after a temporary lull.114 Concerns about using only environmentally and socially sustainable supplies are constraining the rate of growth in some regions. (See Bioenergy section.) Limited but growing quantities of gaseous biofuels (mainly biomethane, which is purified biogas) are fuelling cars, buses, and other vehicles in several EU countries (most notably Germany and Sweden), and in some communities in China, North America, and elsewhere.115 By late 2013, there were almost 700 vehicle filling stations in Europe offering compressed biogas (CBG) blended with natural gas, and nearly 300 stations selling 100% CBG.116 Plans are under way in other regions, including the Middle East and Asia, to develop facilities for biomethane production and vehicle fuelling.117



Many of these developments, along with rapid advances in related technologies, are increasing the role of electricity in the transport sector and raising the possibility to use vehicle batteries to store power in support of variable renewables in future “smart-grids.”126
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Electricity is already commonly used to power trains, city transit systems, and an increasing number of electric vehicles including cars, buses, cycles, scooters, and motor bikes.118 A growing number of initiatives aim to link these transport systems with renewable electricity. Several German cities—including Frankfurt and Nuremberg—rely on renewable electricity to operate their light-rail and subway services, while the German state of Saarland was the first to switch its local rail services to 100% renewable electricity.119 Bogota, Colombia, rolled out South America’s largest all-electric taxi fleet in 2013 and announced plans for a police fleet of 100 electric motorcycles.120



Although electric vehicles and plug-in hybrids (PHEVs) still represent a tiny share of overall automobile markets, they are making a strong entry in several countries, such as Norway, where as of early 2014, more EVs than conventional vehicles were sold each month.121 In the United States, more than 8,000 electric charging stations were operating by the end of 2013.122 Many towns with 100% renewable energy goals have adopted EVs as part of their energy plans.123 Sweden aims for a fossil fuelfree vehicle fleet by 2030, with road vehicles powered primarily by biofuels or electricity, and the promotion of walking, cycling, and public transport as a further step towards Sweden’s vision for an energy supply system with zero net atmospheric greenhouse gas emissions by 2050.124 In addition, hybrid transportation options also are emerging, such as electric-diesel and biodiesel-natural gas buses.125



i - Fatty acid methyl ester (FAME) and hydro-treated vegetable oil (HVO). See Glossary for more information.
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REN21 draws on an international network of over 500 renewable energy experts, who participate collaboratively in the production of the GSR.
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BIOMASS ENERGY



there is uncertainty about the use of biomass being truly “carbon neutral” within the relevant time frame due to the time lag between carbon release during combustion and carbon (re-) sequestration via re-growth of the harvested crops.4 (See Sidebar 3.)



Biomass consumption continues to increase worldwide for the provision of heat and electricity. The production of liquid and gaseous biofuels for transport and stationary applications is also rising. Approximately 60% of total biomass used for energy purposes is traditional biomass: fuel wood (some converted to charcoal), crop residues, and animal dung that are gathered by hand and usually combusted in open fires or inefficient stoves for cooking, heat for dwellings, and some lighting.1 (See Section 5 on Distributed Renewable Energy in Developing Countries.) The remaining biomass is used for modern bioenergy, which is the focus of this section.2



For modern bioenergy, the many forms of energy carriers produced from a variety of biomass resources—including organic wastes, purpose-grown energy crops, and algae—can provide a range of useful energy services such as lighting, communication, heating, cooling, and mobility.i The ability of the solid, liquid, or gaseous biomass resource to act as a store of chemical energy for future use can be employed to balance variable electricity generation from wind and solar systems when integrated into mini-grids or an existing main grid.5



Sustainability and livelihood concerns associated with the use of biomass continue to be debated, especially where linked with deforestation, and where land and water used for energy crop production competes with food and fibre crops.3 In addition,



The bioenergy sector is highly complex due to the variety of potential feedstocks and technical routes for converting biomass to energy. Large data gaps often exist in the



Figure Pathways Figure 5. 5.Biomass-to-Energy Biomass Resources and Energy Pathways Purposegrown crops



Forest



Agriculture and forest residues



Food and fibre processing residues



Municipal wastes*



Fuel wood, crop residues, dung from harvesting and scavenging



Source: See Endnote 6 for this section.
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02 MARKET AND INDUSTRY TRENDS



Heat for cooking and heating



* Organic solid and liquid wastes i - See Figure 5 in GSR 2013.
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02 MARKET AND INDUSTRY TRENDS



SIDEBAR 3. BIOENERGY CARBON ACCOUNTING There is a continuing debate around the sustainability of biomass use for energy, particularly with respect to the carbon footprint. Many research and policy endeavours in recent years have focussed on quantifying the greenhouse gas emissions associated with direct and indirect land-use change. To date, the focus has been almost exclusively on liquid biofuel production systems. However, the increasing use of solid biomass—forest biomass in particular—in modern applications (for example, wood chips in residential heating or district heating plants, or co-firing of wood pellets in coal-fired power plants) has recently shifted the focus of the carbon footprint debate. There appears to be general agreement among stakeholders that carbon emitted through the combustion of biomass for energy production was and will again be sequestered from the atmosphere, if the quantity of biomass used can be associated with the regrowth of a crop or forest in a sustainable (biomass) management system. However, there is concern about the time lag between carbon release via combustion and carbon (re-) sequestration via plant growth. A temporal carbon imbalance is relevant particularly for forest biomass systems that have relatively long rotation cycles, and generally for bioenergy’s potential to effectively reduce greenhouse gas emissions in the medium-to-long term. Therefore, consensus is emerging to account for biogenic carbon emissions over time, although the principles to do so and the respective expectations vary considerably. To date, much of the scientific work has focussed on determining the “carbon payback” period—the time frame by when a bioenergy system has reached its pre-harvest biogenic carbon levels and is also compensated for associated land-use and fossil fuel emissions. Results differ depending on the modelling framework and assumptions regarding affected ecosystems, conversion technologies, and behavioural economics. Generally, the use of residues from tree harvesting (tops, branches, and thinning of small trees) or wood processing (shavings, offcuts, sawdust) entails shorter carbon payback periods than the use of large-diameter stemwood, especially from slow-growing forests or low-productive regions. The use of smaller-diameter, pulpwood quality logs from fast-growing plantation forests in highly productive regions, however, can achieve relatively short carbon payback periods.



assessment of biomass volumes used for energy carriers and final energy. Further, biomass often relies on widely dispersed, non-commercial sources, which makes it difficult to formally track data and trends. National data collection is often carried out by multiple institutions that are not always well co-ordinated. As a result, production and demand for biomass and bioenergy are relatively difficult to measure, even at the local level; hence, national, regional, and global data are uncertain.6 (See Sidebar 1, page 23, and Figure 5, page 31; see also Sidebar 2 in GSR 2012.)
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In addition, there is disagreement around what duration of carbon payback is acceptable. The two most commonly used time frames in the literature are 2050, which is relevant for policy trajectories, and 2100, which is considered relevant for stabilisation of the atmospheric carbon levels. Timeline selection influences which bioenergy systems—for example, type of feedstock, scale of magnitude, technology choices—should be considered. Another key determining factor for a given bioenergy project is linked to alternative land-use and energy sources: that is, what would happen on the land and what energy source would be employed without the use of biomass? Answers depend on regional circumstances that vary with market conditions for wood products, forest management practices, and alternative energy systems; and perspectives on these conditions may differ among stakeholders. Policy options to deal with biogenic carbon emissions include mechanisms that quantify associated emissions, such as the integration of forest carbon accounting in a full life-cycle assessment (LCA), although there is not a scientific consensus on how to model forest products appropriately. Preventative policy approaches include requirements for sustainable forest management that guarantee replanting and sustained carbon stocks/yields, as well as actively encouraging/discouraging the use of specific land and biomass types, such as peat soils, whose drainage releases large amounts of greenhouse gases. Conversely, promoting afforestation and reforestation of woody biomass and perennial grass production on marginal and unused land can create immediate net carbon benefits.i Current policy options in Europe and North America entail all of these approaches. In 2013, for example, the U.K. government provided a draft greenhouse gas calculator (including default values) to quantify the respective emission reductions of forest biomass use for energy as part of its Renewable Obligation Scheme. Also the Dutch government announced the investigation of a specific carbon debt criterion in 2014. i - A policy option would, for example, include the compensation or generation of carbon credits for tree planting, in proportion to the net CO 2 absorption/sequestration. Source: See Endnote 4 for this section.



■ ■BIOENERGY MARKETS In 2013, biomass accounted for about 10% of global primary energy supply—or an estimated 56.6 EJ.7 The “modern biomass” share included approximately 13 EJ to supply heat in the building and industry sectors; an estimated 5 EJ converted to produce around 116 billion litres of biofuels (assuming 60% conversion efficiency of the original biomass), and a similar amount used to generate an estimated 405 TWh of electricity (assuming 30% conversion efficiency).8 Useful heat is also often generated in bioenergy combined heat and power (CHP) plants, but the total quantities are unknown because much of this is consumed on-site and not tracked.



The leading markets for biomass energy are diverse and vary depending on the fuel type. Use of modern biomass is spreading rapidly, particularly across Asia.9 Biomass is meeting a growing share of energy demand in many countries and accounts for a significant portion of total energy in some countries. For example, end-use shares exceed 25% in Sweden, Finland, Latvia, and Estonia.10



The EU is the largest regional consumer of wood pellets, burning over 15 million tonnes in 2013 (up 1 million tonnes annually since 2010), with the largest share of demand coming from the residential heat market.23 The use of biomass, including pellets, for heat production is increasing in North America as well.24 In the United States, the largest domestic market for the consumption of wood pellets for heating is located in the northeast.25



Most primary biomass used for energy is in a solid form and includes charcoal, fuel wood, crop residues (predominantly for traditional heating and cooking), organic municipal solid waste (MSW)i, wood pellets, and wood chips (predominantly in modern and/or larger-scale facilities). Wood pellets and wood chips, as well as biodiesel and ethanol, all are now commonly traded internationally in large volumes; in addition, some biomethane is traded in Europe through gas grids.11 There is also significant informal trade in solid biomass that takes place regionally and across national borders.12



Biogas also is being used increasingly for heat production. In developed countries, it is used primarily in CHP plants, with relatively small amounts used in heat-only plants. In 2012, most of the biogas produced in Europe was used on-site or traded locally. Most was combusted to produce 110 TJ of heat and 44.5  GWh of electricity.26 The small remainder used by the transport sector was first upgraded to biomethaneii, with limited volumes now being traded among EU member states by injection into the natural gas grid. Considerable effort is under way to remove trade barriers in order to expand this potential.27



The total energy content of all solid biomass fuels traded (mainly pellets and wood chips) remains about twice that contained in the net trade of liquid biofuels.13 Wood pellets account for only around 1–2% of global solid biomass demand, yet the volume of consumption continued to increase rapidly during 2013.14



A number of large-scale plants that run on biogas are also operating across Asia and Africa, including many for industrial process heat.28 Biogas is also produced in small, domestic-scale digesters, mainly in developing countries—including China, India, Nepal, and Rwanda—and is combusted directly to provide heat for cooking.



Solid, liquid, and gaseous biomass fuels can be combusted to provide higher-temperature heat (200–400 °C) that is used by industry, district heating schemes, and agricultural processes, as well as lower-temperature heat (6 MW is excluded from national shares and targets. 9 India does not classify hydropower installations larger than 25 MW as renewable energy sources, so large-scale hydro >25 MW is excluded from national shares and targets.
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TABLE R13 ANNEX. COUNTRIES WITHOUT TARGETS FOR SHARES OF ELECTRICITY PRODUCTION



Ecuador



55%



El Salvador



62%



Ethiopia



93%



Grenada



1%



Iceland



100%



India9



14%



Iran



5%



Japan



13%



Jordan



0.4%



Kenya



73%



Lesotho



100%



Macedonia



17%



Moldova



Tanzania



4.9%



Togo



8.5%



United States



13%



Uzbekistan



21%



Venezuela



64%



Zambia



96%



2% (2011)



Montenegro



52%



Morocco



8.9%



Mozambique



90%



Norway



98%



Papua New Guinea



38%



Peru



55%



Serbia



27%



Note: Unless otherwise noted, all targets and corresponding shares represent all renewables including hydropower. Actual percentages are rounded to the nearest whole decimal for numbers over 10% except where associated targets are expressed differently. A number of state/provincial and local jurisdictions have additional targets not listed here. The United States and Canada have de facto state and provincial-level targets through existing RPS policies, but no national targets (see Tables R17 and R19). Some countries shown have other types of targets (see Tables R12, R14, and R15). See Policy Landscape section (Section 4) and Reference Table R19 for more information about sub-national targets. Existing shares are indicative and may need adjusting if more accurate national statistical data are published. Sources for reported data often do not specify the accounting method used, therefore shares of electricity are likely to include a mixture of different accounting methods and thus are not directly comparable or consistent across countries. Where shares sourced from Observ'ER differed from those provided to REN21 by country contributors, the latter were given preference. Source: See Endnote 13 for this section.



TABLE R14. SHARE OF HEATING AND COOLING FROM MODERN RENEWABLE TECHNOLOGIES, EXISTING IN 2012 AND TARGETS TARGET



COUNTRY



Austria



Austria 32.6% renewables in total heating and cooling supply by 2020



Libya



Solar water heating: 80 MWth by 2015; 250 MWth by 2020



Belgium



11.9% renewables in total heating and cooling supply by 2020



Lithuania



39% renewables in total heating and cooling supply by 2020



Bhutan



Solar heating and cooling: 3 MW equivalent by 2025



Luxembourg



Bulgaria



23.8% renewables in total heating and cooling



8.5% renewables in gross final consumption in heating and cooling in 2020



Malta



6.2% renewables in total heating and cooling supply by 2020



Morocco



Solar water heating: 280 MWth (400,000 m2) by 2012; 1.2 GWth (1.7 million m2) by 2020



COUNTRY



Brazil



SHARE



9.1% (2012)



SHARE



TARGET



China



Solar water heating: 280 GWth (400 million m2) by 2015



Croatia



19.6% renewables in total heating and cooling



Mozambique



Cyprus



23.5% renewables in total heating and cooling



Solar water and space heating: 100,000 systems installed in rural areas (no date)



Netherlands



Czech Republic



14.1% renewables in total heating and cooling



8.7% renewables in total heating and cooling supply by 2020



Poland



Denmark



39.8% renewables in total heating and cooling supply by 2020



17% renewables in total heating and cooling supply by 2020



Portugal



Estonia



17.6% renewables in total heating and cooling supply by 2020



Finland



47% renewables in total heating and cooling supply by 2020



Romania



22% renewables in total heating and cooling supply by 2020



Sierra Leone



1% penetration of solar water heaters in hotels, guest houses, and restaurants by 2015; 2% by 2020; and 5% by 2030 1% penetration of solar water heaters in the residential sector by 2030



Slovakia



14.6% renewables in total heating and cooling supply by 2020



Slovenia



30.8% renewables in total heating and cooling supply by 2020



France



16.5%



33% renewables in total heating and cooling supply by 2020



Germany



9.3%



14% renewables in total heating and cooling supply by 2020



Greece



20% renewables in total heating and cooling supply by 2020



Hungary



18.9% renewables in total heating and cooling supply by 2020



India



Solar water heating 5.6 GWth (8 million m2) of new capacity to be added between 2012 and 2017



Ireland



15% renewables in total heating and cooling supply by 2020



Italy



Heating and cooling: 17.1% renewables in total supply by 2020 Bioenergy: 5,670 ktoe for heating and cooling by 2020 Geothermal: 300 ktoe for heating and cooling by 2020 Solar water and space heating: 1,586 ktoe by 2020



Jordan



Solar water heating: 30% of households by 2020 (up from 13% in 2010)



Kenya



Solar water heating: 60% of annual demand for buildings using over 100 litres of hot water per day



Latvia



53.4% renewables in total heating and cooling supply by 2020



Lebanon



Solar water heating: 133 MWth (190,000 m2) newly installed capacity during 2009–2014



Spain



33%



7.6% (2012)



30.6% renewables in total heat supply by 2020



18.9% renewables in total heating and cooling supply by 2020 Bioenergy: 4,653 ktoe by 2020 Geothermal: 9.5 ktoe by 2020 Heat pumps: 50.8 ktoe by 2020 Solar water and space heating: 644 ktoe by 2020



Swaziland



Solar water heating: Installed in 20% of all public buildings by 2014



Sweden



62.1% renewables in total heating and cooling supply by 2020



Thailand



Bioenergy: 8,200 ktoe by 2022 Biogas: 1,000 ktoe by 2022 Organic MSW: 35 ktoe by 2022 Solar water heating: 300,000 systems in operation and 100 ktoe by 2022



Uganda



Solar water heaters: 4.2 MWth (6,000 m2) by 2012; 21 MWth (30,000 m2) by 2017



United Kingdom



12% renewables in total heating and cooling supply by 2020



Note: Because heating and cooling targets are not standardised across countries, the table presents a variety of targets for the purpose of general comparison. Source: See Endnote 14 for this section.
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TABLE R15. OTHER RENEWABLE ENERGY TARGETS COUNTRY



SECTOR / TECHNOLOGY SHARE



EU-28



Transport



All EU-28 countries are required to meet 10% of transport final energy demand by 2020



Algeria



Solar PV



25 MW by 2013; 241 MW by 2015; 946 MW by 2020; 2.8 GW by 2030



CSP



25 MW by 2013; 325 MW by 2015; 1,500 MW by 2020; 7,200 MW by 2030



Wind



10 MW by 2013; 50 MW by 2015; 270 MW by 2020; 2,000 MW by 2030



Electricity



3 GW by 2016



Argentina



Geothermal power



30 MW by 2016



Australia State of South Australia



Electricity



33% of generation by 2020



State of Tasmania



Electricity



100% of generation by 2020



Austria



Bio-power from solid biomass and biogas



200 MW added 2010–2020



Hydropower



1,000 MW added 2010–2020



Solar PV



1,200 MW added 2010–2020



Wind



2,000 MW added 2010–2020



Transport



11.4% of transport final energy demand by 2020



Bio-power from solid biomass



2 MW by 2014



Bio-power from biogas



4 MW by 2014



Biogas digesters



150,000 plants by 2016



Solar PV



500 MW by 2015



Bangladesh



Solar PV (off-grid and rural)



2.5 million units by 2015



Belgium



Transport



10.14% of transport final energy demand by 2020



State of Wallonia



Final energy



20% share from renewables by 2020



Electricity



8 TWh / year by 2020



Benin



Electricity (off-grid and rural)



50% of rural electricity by 2025



Bhutan



Electricity



20 MW by 2025



Bio-power from solid biomass



5 MW by 2025



Solar PV



5 MW by 2025



Wind



5 MW by 2025



Bio-power



19.3 GW by 2021



Hydropower (small-scale)



7.8 GW by 2021



Wind



15.6 GW by 2021



Hydropower



80 MW capacity commissioned by 2011; three 174 MW plants by 2017–18



Solar PV



80 MW solar PV park operational by 2014



Transport



7.8% of transport final energy demand by 2020



Canada Province of New Brunswick



Electricity



Increase renewable share 10% by 2016 ; 40% of generation by 2020



Province of Nova Scotia



Electricity



25% of generation by 2015; 40% by 2020



Prince Edward Island



Wind



30 MW increase by 2030 (base year 2011)



Province of Ontario



Electricity



10.7 GW by 2022



Hydropower



1.5 GW by 2025



Solar PV



40 MW by 2025



Wind



5 GW by 2025



Brazil



Bulgaria
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TABLE R15. OTHER RENEWABLE ENERGY TARGETS (continued) COUNTRY



SECTOR / TECHNOLOGY SHARE



TARGET



China



Bio-power



13 GW by 2015



Hydropower



290 GW by 2015



Solar PV



10 GW added in 2014; 35 GW by 2015 (including 20 GW distributed generation)



CSP



1 GW by 2015; 3 GW by 2020



Wind



100 GW grid-connected by 2015; 200 GW by 2020



Electricity (grid-connected)



3.5% of generation by 2015; 6.5% by 2020



Colombia



Electricity (off-grid)



20% of generation by 2015; 30% by 2020



Croatia



Transport



10% of transport final energy demand by 2020



Cyprus



Transport



4.9% of transport final energy demand by 2020



Czech Republic



Transport



10.8% of transport final energy demand by 2020



Denmark



Wind



50% share in electricity by 2020



Transport



10% of transport final energy demand by 2020



Djibouti



Solar PV



30% of rural electrification by 2017



Egypt



Solar PV



700 MW by 2017



CSP



2.8 GW by 2017



Wind



12% of electricity generation and 7,200 MW by 2020



Eritrea



Wind



50% of electricity generation (no date)



Estonia



Transport



2.7% of transport final energy demand by 2020



Ethiopia



Bio-power from bagasse



103.5 MW (no date)



Geothermal power



75 MW by 2015; 450 MW by 2018; 1 GW by 2030



Hydropower



10.6 GW (>90% large-scale) by 2015; 22 GW by 2030



Wind



770 MW by 2014



Bio-power



13.2 GW by 2020



Hydropower



14.6 GW by 2020



Wind



884 MW by 2020



Transport



20% of transport final energy demand by 2020



Ocean power and offshore wind



6 GW by 2020



Wind



25 GW by 2020



Transport



10.5% of transport final energy demand by 2020



Wind



6.5 GW offshore by 2020; 15 GW offshore by 2030



Transport



20% of transport final energy demand by 2020



Solar PV



2.2 GW by 2030



Transport



10.1% of transport final energy demand by 2020



Solar power



6% of electricity by 2025



Wind



2% of electricity by 2025



Guinea-Bissau



Solar PV



2% of primary energy by 2015



Hungary



Transport



10% of transport final energy demand by 2020



India1



Electricity



4.3 GW added in 2014



Electricity



30 GW added 2012–2017



Bio-power



2.7 GW added 2012–2017



Hydropower (small-scale)



2.1 GW added 2012–2017



Solar PV and CSP



10 GW added 2012–2017; 20 GW grid-connected added 2010–2022; 2 GW off-grid added 2010–2020; 20 million solar lighting systems added 2010–2022



Wind



15 GW added 2012–2017



Finland



France



Germany Greece Guinea



R E N E WA B L E S 2 014 G L O B A L S TAT U S R E P O R T



123



REFERENCE TABLES



TABLE R15. OTHER RENEWABLE ENERGY TARGETS (continued) COUNTRY



SECTOR / TECHNOLOGY SHARE



TARGET



Indonesia



Hydropower, solar PV, wind



1.4% share in primary energy (combined) by 2025



Biofuels



10.2% share of primary energy by 2025



Geothermal power



12.6 GW electricity by 2025



Hydropower



2 GW by 2025, including 0.43 GW micro-hydropower



Pumped storage



Iraq



3 GW by 2025



Solar PV



156.8 MW by 2025



Wind



0.1 GW by 2025



Solar PV



240 MW by 2016



CSP



80 MW by 2016



Wind



80 MW by 2016



Ireland



Transport



10% of transport final energy demand by 2020



Italy



Bio-power



19,780 GWh / year generation from 3.8 GW capacity by 2020



Geothermal power



6,750 GWh / year generation from 920 MW capacity by 2020



Hydropower



42,000 GWh / year generation from 17.8 GW capacity by 2020



Solar PV



23 GW by 2017



Wind (onshore)



18,000 GWh / year generation and 12 GW capacity by 2020



Wind (offshore)



2,000 GWh / year generation and 680 MW capacity by 2020



Transport



10.1% transport final energy demand (2,899 ktoe) from biofuels by 2020



Bio-power



3.3 GW by 2020; 6 GW by 2030



Geothermal power



0.53 GW by 2020; 3.88 GW by 2030



Hydropower



49 GW by 2020



Ocean power (wave and tidal)



1.5 GW by 2030



Solar PV



28 GW by 2020



Wind



5 GW by 2020; 8.03 GW offshore by 2030



Electricity



1 GW capacity by 2018



Solar PV



300 MW by 2020



CSP



300 MW by 2020



Wind



1 GW by 2020



Kazakhstan



Electricity



1.04 GW by 2020



Kenya



Geothermal power



1,887 MW by 2016; 5,000 MW by 2030



Hydropower



794 MW by 2016



Solar PV



423 MW by 2016



Wind



635 MW by 2016



Solar PV



3.5 GW by 2030



CSP



1.1 GW by 2030



Japan



Jordan



Kuwait



Wind



3.1 GW by 2030



Latvia



Transport



10% of transport final energy demand by 2020



Lebanon



Bio-power from biogas



15–25 MW by 2015



Hydropower



40 MW by 2015



Wind



60–100 MW by 2015



Electricity



260 MW by 2030



Electricity (off-grid and rural)



35% of rural electrification by 2020



Liberia



Biofuels



5% of total transport fuel by 2015



Libya



Solar PV



129 MW by 2015



CSP



125 MW by 2020; 375 MW by 2025



Wind



260 MW by 2015; 600 MW by 2020; 1,000 MW by 2025



Transport



10% of transport final energy demand by 2020



Lesotho



Lithuania 124
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TABLE R15. OTHER RENEWABLE ENERGY TARGETS (continued) COUNTRY



SECTOR / TECHNOLOGY SHARE



TARGET



Luxembourg



Transport



10% of transport final energy demand by 2020



Malawi



Hydropower



346.5 MW by 2014



Malaysia



Electricity



2.1 GW (excluding large-scale hydropower), 11.2 TWh / year, or 10% of national supply (no date given); 6% of total capacity by 2015; 11% by 2020; 14% by 2030; 36% by 2050



Malta



Transport



10.7% of transport final energy demand by 2020



Micronesia



Electricity



10% in urban centers and 50% in rural areas by 2020



Morocco



Electricity



42% of total capacity



Hydropower



2 GW by 2020



Solar PV and CSP



2 GW by 2020



Wind



2 GW by 2020



Bio-digesters for biogas



1,000 systems installed (no date)



Hydropower, solar PV, wind



2 GW each (no date)



Solar PV



82,000 solar home systems installed (no date)



Wind turbines for water pumping



3,000 stations installed (no date)



Renewable-energy based productive systems



5,000 installed (no date)



Hydropower (micro)



15 MW by 2013



Solar PV



3 MW by 2013



Mozambique



Nepal



Wind



1 MW by 2013



Netherlands



Transport



5% of transport final energy demand by 2013; 10% by 2020



Nigeria



Bio-power



50 MW 2015; 400 MW by 2025



Hydropower (small-scale)



600 MW by 2015; 2,000 MW by 2025



Solar PV (large-scale, >1 MW)



75 MW by 2015; 500 MW by 2025



Wind



20 MW by 2015; 40 MW by 2025



CSP



1 MW by 2015; 5 MW by 2025



Electricity



30 TWh / year generation by 2016



Electricity



26.4 TWh common electricity certificate market with Sweden by 2020



Bio-power



21 MW by 2020



Solar PV



45 MW by 2020



CSP



20 MW by 2020



Wind



44 MW by 2020



Electricity



Triple the 2010 renewable power capacity by 2030



Bio-power



277 MW added 2010–2030



Geothermal power



1.5 GW added 2010–2030



Hydropower



5,398 MW added 2010–2030



Ocean power



75 MW added 2010–2030



Solar PV



284 MW added 2010–2030



Wind



2.3 GW added 2010–2030



Wind (offshore)



1 GW by 2020



Transport



10% of transport final energy demand by 2020



Electricity



15.8 GW by 2020



Bio-power from solid biomass



769 MW by 2020



Bio-power from biogas



59 MW by 2020



Geothermal power



29 MW by 2020



Hydropower (small-scale)



400 MW by 2020



Norway Palestinian Territories



Philippines



Poland Portugal
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TABLE R15. OTHER RENEWABLE ENERGY TARGETS (continued) COUNTRY



SECTOR / TECHNOLOGY SHARE



TARGET



Portugal (continued)



Ocean power (wave)



6 MW by 2020



Solar PV



670 MW by 2020



CSP



50 MW by 2020



Wind



5.3 GW onshore by 2020; 27 MW offshore by 2020



Transport



10% of transport final energy demand by 2020



Solar PV



1.8 GW by 2014



Qatar



Transport



10% of transport final energy demand by 2020



Romania



Transport



10% of transport final energy demand by 2020



Russia



Hydropower (small-scale), solar PV, wind



6 GW combined by 2020



Rwanda



Biogas power



300 MW by 2017



Geothermal power



310 MW by 2017



Hydropower



340 MW by 2017



Hydropower (small-scale)



42 MW by 2015



Electricity (off-grid)



5 MW by 2017



Samoa



Final Energy



Increase by 20% the current share of total energy supply by 2030



Saudi Arabia



Electricity



24 GW by 2020; 54 GW by 2032



Solar PV and CSP



6 GW solar PV by 2020; 16 GW by 2032; 41 GW by 2032 (25 GW CSP and 16 GW PV)



Geothermal, waste-to-energy3, wind



13 GW combined by 2032



Solar PV



150 MW by 2017



Serbia



Wind



1.4 GW (no date)



Slovakia



Transport



10% of transport final energy demand by 2020



Slovenia



Transport



10.5% of transport final energy demand by 2020



South Africa



Electricity



17.8 GW by 2030



South Korea



Electricity



(all generation targets are annual) 13,016 GWh (2.9% total generation) by 2015; 21,977 GWh (4.7%) by 2020; 39,517 GWh (7.7%) by 2030



Bio-power from solid biomass



2,628 GWh by 2030



Bio-power from biogas



161 GWh by 2030



Bio-power from landfill gas



1,340 GWh by 2030



Geothermal power



2,046 GWh by 2030



Hydropower (large-scale)



3,860 GWh by 2030



Hydropower (small-scale)



1,926 GWh by 2030



Ocean power



6,159 GWh by 2030



Solar PV



2,046 GWh by 2030



CSP



1,971 GWh by 2030



Wind



100 MW by 2013; 900 MW by 2016; 1.5 GW by 2019; 16,619 GWh / year by 2030



Spain
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Final energy Bioenergy from solid biomass, biogas, and organic MSW



0.1% by 2020



Geothermal energy, ocean power, and heat pumps



5.8% by 2020



Hydropower



2.9% by 2020



TABLE R15. OTHER RENEWABLE ENERGY TARGETS (continued) COUNTRY



SECTOR / TECHNOLOGY SHARE



TARGET



Spain (continued)



Solar PV



3% by 2020



Wind



6.3% by 2020



Electricity Bio-power from solid biomass



1.4 GW by 2020



Bio-power from organic MSW



200 MW by 2020



Bio-power from biogas



400 MW by 2020



Geothermal power



50 MW by 2020



Hydropower



13.9 GW by 2020



Pumped storage



2



8.8 GW by 2020



Ocean power



100 MW by 2020



Solar PV



7.30 GW by 2020



CSP



4.8 GW by 2020



Wind (onshore)



35 GW by 2020



Wind (offshore)



750 MW by 2020



Transport Biodiesel



11.3% of transport final energy demand by 2020



Ethanol/bio-ETBE



7% of transport final energy by 2012 and 2013; 2,313 ktoe by 2020



Electricity in transport



4.7 GWh / year by 2020 (501 ktoe from renewable sources by 2020)



Electricity



10% of generation by 2015



Transport



20% of transport final energy demand from biofuels by 2020



Bio-power from solid biomass



80 MW by 2031



Bio-power from biogas



150 MW by 2031



Hydropower



54 MW by 2031



Solar PV



350 MW by 2031



CSP



50 MW by 2031



Wind



320 MW by 2031



Electricity



25 TWh more renewable electricity annually by 2020 (base year 2002)



Electricity



26.4 TWh common electricity certificate market with Norway by 2020



Transport



Vehicle fleet that is independent from fossil fuels by 2030



Electricity



12 TWh / year by 2035; 24.2 TWh by 2050



Hydropower



43 TWh / year by 2035



Bio-power



140 MW by 2020; 260 MW by 2025; 400 MW by 2030



Solar PV



45 MW by 2015; 380 MW by 2020; 1.1 GW by 2025; 1.8 GW by 2030



CSP



50 MW by 2025



Wind



150 MW by 2015; 1 GW by 2020; 1.5 GW by 2025; 2 GW by 2030



Taiwan



Solar PV



130 MW in 2013



Tajikistan



Hydropower (small-scale)



100 MW by 2020



Thailand



Transport



Sri Lanka Sudan



Sweden



Switzerland Syria



Ethanol



9 million litres / day by 2022



Biodiesel



6 million litres / day by 2022



Advanced biofuels



25 million litres / day by 2022



Electricity Bio-power from solid biomass



4.8 GW by 2021



Bio-power from biogas



600 MW by 2021



Bio-power from organic MSW



400 MW by 2021
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TABLE R15. OTHER RENEWABLE ENERGY TARGETS (continued) COUNTRY



SECTOR / TECHNOLOGY SHARE



TARGET



Thailand (continued)



Geothermal power



1 MW by 2021



Hydropower



6.1 GW by 2021



Ocean power (wave and tidal)



2 MW by 2021



Solar PV



3 GW by 2021; 1 GW added in 2014



Wind



1.8 GW by 2021



Trinidad and Tobago



Electricity



5% of peak demand (or 60 MW) by 2020



Tunisia



Electricity



1 GW (16%) by 2016; 4.6 GW (40%) by 2030



Bio-power from solid biomass



300 MW by 2030



Solar PV



1.9 GW by 2030



CSP



300 MW by 2030



Wind



1.5 GW by 2030



Turkey



Wind



Uganda



Bio-power from organic MSW



20 GW by 2023 3



15 MW by 2012; 30 MW by 2017



Geothermal power



25 MW by 2012; 45 MW by 2017



Hydropower (large-scale)



830 MW by 2012; 1,200 MW by 2017



Hydropower (mini- and micro-scale)



50 MW by 2012; 85 MW by 2017



Solar PV (solar home systems)



400 kW by 2012; 700 kW by 2017



Biofuels



720 million litres / year by 2012; 2,200 million litres / year by 2017



United Arab Emirates Abu Dhabi



Electricity



7% of capacity by 2020



Dubai



Electricity



5% of capacity and 1 GW by 2030



United Kingdom



Wind



39 GW offshore by 2030



Transport



5% of transport final energy demand by 2014; 10.3% by 2020



Bio-power



200 MW by 2015



Wind



1 GW by 2015



Bio-power



50 MW by 2020



Hydropower



19.2 GW by 2020



Wind



1 GW by 2020



Biofuels



1% of transport petroleum energy demand by 2015; 5% by 2025



Bio-power



6 MW by 2025



Geothermal power



200 MW by 2025



Solar PV



4 MW by 2025



CSP



100 MW by 2025



Wind



400 MW by 2025



Transport



10% of transport final energy demand by 2015



Uruguay Vietnam



Yemen



Zimbabwe



1



India does not classify hydropower installations larger than 25 MW as renewable energy sources. Therefore, national targets and data for India do not include hydropower facilities >25 MW.



2



Pumped hydro plants are not energy sources but a means of energy storage. As such, they involve conversion losses and are powered by renewable or nonrenewable electricity. Pumped storage is included here because it can play an important role as balancing power, in particular for variable renewable resources.



3



It is not always possible to determine whether municipal solid waste (MSW) data include non-organic waste (plastics, metal, etc.) or only the organic biomass share. Uganda utilises predominantly organic waste.



Note: All capacity targets are for cumulative capacity unless otherwise noted. Targets are rounded to the nearest tenth decimal. Renewable energy targets are not standardised across countries; therefore, the table presents a variety of targets for the purpose of general comparison. Countries on this list may also have primary/final energy, electricity, or heating/cooling targets (see Tables R12, R13, and R14). Table R15 lists transport energy targets; biofuel blend mandates can be found in Table R18: National and State/Provincial Biofuel Blend Mandates. It is not always possible to determine whether transportation targets are limited to road transportation. Additionally, targets may cover only the use of biofuels or a wider array of renewable transport options (i.e., renewable electricity with electric vehicles, hydrogen). Source: See Endnote 15 for this section.
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TABLE R16. CUMULATIVE NUMBER OF COUNTRIES / STATES / PROVINCES ENACTING FEED-IN POLICIES 1



YEAR



CUMULATIVE #



COUNTRIES / STATES / PROVINCES ADDED THAT YEAR



1978



1



United States2



1990



2



Germany



1991



3



Switzerland



1992



4



Italy



1993



6



Denmark; India



1994



9



Luxembourg; Spain; Greece



1997



10



Sri Lanka



1998



11



Sweden



1999



14



Portugal; Norway; Slovenia



2000



14



2001



17



Armenia; France; Latvia



2002



23



Algeria; Austria; Brazil; Czech Republic; Indonesia; Lithuania



2003



29



Cyprus; Estonia; Hungary; South Korea; Slovak Republic; Maharashtra (India)



2004



34



Israel; Nicaragua; Prince Edward Island (Canada); Andhra Pradesh and Madhya Pradesh (India)



2005



41



Karnataka, Uttaranchal, and Uttar Pradesh (India); China; Turkey; Ecuador; Ireland



2006



46



Ontario (Canada); Kerala (India); Argentina; Pakistan; Thailand



2007



56



South Australia (Australia); Albania; Bulgaria; Croatia; Dominican Republic; Finland; Macedonia; Moldova; Mongolia



2008



70



Queensland (Australia); California (USA); Chhattisgarh, Gujarat, Haryana, Punjab, Rajasthan, Tamil Nadu, and West Bengal (India); Iran; Kenya; Philippines; Tanzania; Ukraine



2009



80



Australian Capital Territory, New South Wales, and Victoria (Australia); Hawaii, Oregon, and Vermont (USA); Japan; Serbia; South Africa; Taiwan



2010



85



Bosnia and Herzegovina; Malaysia; Mauritius; Malta; United Kingdom



2011



92



Rhode Island (USA); Nova Scotia (Canada); Ghana; Montenegro; Netherlands; Syria; Vietnam



2012



97



Jordan; Nigeria; Palestinian Territories; Rwanda; Uganda



2013



98



Kazakhstan



98



Total existing3



“Cumulative number” refers to number of jurisdictions that had enacted feed-in policies as of the given year.



1



The U.S. PURPA policy (1978) is an early version of the feed-in tariff, which has since evolved.



2



“Total existing” excludes seven countries that are known to have subsequently discontinued policies (Brazil, Czech Republic, Mauritius, Spain, South Africa, South Korea, and the United States) and adds seven countries that are believed to have feed-in tariffs but with an unknown year of enactment (Honduras, Maldives, Peru, Panama, Senegal, Tajikistan, and Uruguay).



3



Source: See Endnote 16 for this section.
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TABLE R17. CUMULATIVE NUMBER OF COUNTRIES / STATES / PROVINCES ENACTING RPS/QUOTA POLICIES 1



YEAR



CUMULATIVE #



COUNTRIES / STATES / PROVINCES ADDED THAT YEAR



1983



1



Iowa (USA)



1994



2



Minnesota (USA)



1996



3



Arizona (USA)



1997



6



Maine, Massachusetts, and Nevada (USA)



1998



9



Connecticut, Pennsylvania, and Wisconsin (USA)



1999



12



New Jersey and Texas (USA); Italy



2000



13



New Mexico (USA)



2001



15



Flanders (Belgium); Australia



2002



18



California (USA); Wallonia (Belgium); United Kingdom



2003



21



Japan; Sweden; Maharashtra (India)



2004



34



Colorado, Hawaii, Maryland, New York, and Rhode Island (USA); Nova Scotia, Ontario, and Prince Edward Island (Canada); Andhra Pradesh, Karnataka, Madhya Pradesh, and Orissa (India); Poland



2005



38



District of Columbia, Delaware, and Montana (USA); Gujarat (India)



2006



39



Washington State (USA)



2007



45



China; Illinois, New Hampshire, North Carolina, and Oregon (USA); Northern Mariana Islands (USA)



2008



52



Michigan, Missouri, and Ohio (USA); Chile; India; Philippines; Romania



2009



53



Kansas (USA)



2010



56



British Columbia (Canada); South Korea; Puerto Rico (USA)



2011



58



Albania; Israel



2012



59



Norway



2013



59



[None identified]



79



Total existing2



1



“Cumulative number” refers to number of jurisdictions that had enacted RPS/Quota policies as of the given year. Jurisdictions are listed under year of first policy enactment. Many policies shown have been revised or renewed in subsequent years, and some policies shown may have been repealed or lapsed.



2



“Total existing” adds 20 jurisdictions believed to have RPS/Quota policies but whose year of enactment is not known (Ghana, Indonesia, Kyrgyzstan, Lithuania, Malaysia, Palau, Portugal, Senegal, South Africa, Sri Lanka, United Arab Emirates, and the Indian states of Chhattisgarh, Haryana, Kerala, Punjab, Rajasthan, Tamil Nadu, Uttarakhand, Uttar Pradesh, and West Bengal). In the United States, there are 10 additional states and territories with policy goals that are not legally binding RPS policies (Guam, Indiana, North Dakota, Oklahoma, South Dakota, U.S. Virgin Islands, Utah, Vermont, Virginia, and West Virginia). Three additional Canadian provinces also have non-binding policy goals (Alberta, Manitoba, and Quebec). The Italian RPS is being phased out according to new directives from the government, but it was still in place as of early 2013.



Source: See Endnote 17 for this section.
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TABLE R18. NATIONAL AND STATE / PROVINCIAL BIOFUEL BLEND MANDATES COUNTRY



MANDATE



Angola



E10



Argentina



E5 and B10



Australia



E4 and B2 in New South Wales; E5 in Queensland



Belgium



E4 and B4



Brazil



E20 and B5



Canada



National: E5 and B2 Provincial: E5 and B4 in British Columbia; E5 and B2 in Alberta; E7.5 and B2 in Saskatchewan; E8.5 and B2 in Manitoba; E5 in Ontario



China



E10 in nine provinces



Colombia



E8



Costa Rica



E7 and B20



Ecuador



B5



Ethiopia



E5



Guatemala



E5



India



E10



Indonesia



B2.5 and E3



Jamaica



E10



Malawi



E10



Malaysia



B5



Mozambique



E10 in 2012–2015; E15 in 2016–2020; E20 from 2021



Panama



E5; E7 by April 2015; E10 by April 2016



Paraguay



E24 and B1



Peru



B2 and E7.8



Philippines



E10 and B5



South Africa



E2 and E5 as of October 2015



South Korea



B2.5



Sudan



E5



Thailand



E5 and B5



Turkey



E2



Ukraine



E5; E7 by 2017



United States



National: The Renewable Fuels Standard 2 (RFS2) requires 136 billion litres (36 billion gallons) of renewable fuel to be blended annually with transport fuel by 2022. The RFS for 2013 was reduced to 49.21 billion litres (13 billion gallons). State: E10 in Missouri and Montana; E10 in Hawaii; E2 and B2 in Louisiana; B4 by 2012, and B5 by 2013 (all by July 1 of the given year) in Massachusetts; E10 and B5, B10 by 2013, and E20 by 2015 in Minnesota; B5 after 1 July 2012 in New Mexico; E10 and B5 in Oregon; B2 one year after in-state production of biodiesel reaches 40 million gallons, B5 one year after 100 million gallons, B10 one year after 200 million gallons, and B20 one year after 400 million gallons in Pennsylvania; E2 and B2, increasing to B5 180 days after in-state feedstock and oil-seed crushing capacity can meet 3% requirement in Washington.



Uruguay



B5; E5 by 2015



Vietnam



E5



Zambia



E15 and B5; E20 in 2014



Zimbabwe



E5, to be raised to E10 and E15



Note: The Philippines’ B2 mandate is set to be raised to B5 following approval from the National Biofuels Board. Mexico has a pilot E2 mandate in the city of Guadalajara. The Dominican Republic has targets of B2 and E15 for 2015 but has no current blending mandate. Chile has targets of E5 and B5 but has no current blending mandate. Fiji approved voluntary B5 and E10 blending in 2011 with a mandate expected. The Kenyan city of Kisumu has an E10 mandate. Nigeria has a target of E10 but has no current blending mandate. Table R18 lists only biofuel blend mandates; additional transport and biofuel targets can be found in Table R15: Other Renewable Energy Targets. Source: See Endnote 18 for this section.
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TABLE R19. CITY AND LOCAL RENEWABLE ENERGY POLICIES: SELECTED EXAMPLES TARGETS FOR RENEWABLE SHARE OF ENERGY1, ALL CONSUMERS Boulder, Colorado, USA



30% of total energy by 2020



Calgary, Alberta, Canada



30% of total energy by 2036



Cape Town, South Africa



10% of total energy by 2020



Fukushima Prefecture, Japan



100% of total energy by 2040



Hamburg, Germany



20% of total energy by 2020; 100% by 2050



Howrah, India



10% of total energy by 2018



2



Nagano Prefecture, Japan



70% of total energy by 2050



Paris, France



25% of total energy by 2020



Skellefteå, Sweden



Net exporter of biomass, hydro, or wind energy by 2020



Växjö, Sweden



100% of total energy by 2030



TARGETS FOR RENEWABLE SHARE OF ELECTRICITY, ALL CONSUMERS Adelaide, Australia



15% by 2014



Amsterdam, Netherlands



25% by 2025; 50% by 2040



Aspen, Colorado, USA



100% by 2015



Austin, Texas, USA



35% by 2020



Cape Town, South Africa



15% by 2020



Lancaster, California, USA



100% by 2020



Malmö, Sweden



100% by 2020



Munich, Germany



100% by 2025



Nagano Prefecture, Japan



10% by 2020 ; 20% by 2030; 30% by 2050



San Francisco, California, USA



100% by 2020



San Jose, California, USA



100% by 2022



Skellefteå, Sweden



100% by 2020



Taipei City, Taiwan



12% by 2020



Ulm, Germany



100% by 2025



Wellington, New Zealand



78–90% by 2020



TARGETS FOR RENEWABLE ELECTRIC CAPACITY OR GENERATION Adelaide, Australia



2 MW of solar PV on residential and commercial buildings by 2020



Eskilstuna, Sweden



48 GWh of wind, 9.5 GWh of solar by 2020



Los Angeles, California, USA



1.3 GW of solar PV by 2020



San Francisco, California, USA



100% of peak demand (950 MW) by 2020



TARGETS FOR GOVERNMENT OWN-USE PURCHASES OF RENEWABLE ENERGY
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Cockburn, Australia



20% of own-use energy in city buildings by 2020



Ghent, Belgium



50% of own-use energy by 2020



Hepburn Shire, Australia



100% of own-use energy in public buildings; 8% of electricity for public lighting



Kristianstad, Sweden



100% of own-use energy by 2020



Malmö, Sweden



100% of own-use energy by 2030



Portland, Oregon, USA



100% of own-use electricity by 2030



Sydney, Australia



100% of own-use electricity in buildings; 20% for street lamps



1



Targets for Hamburg, and Växjö include transport energy; targets for Fukushima Prefecture, Howrah, and Nagano Prefecture do not include transport energy, while other targets do not specify.



2



Howrah’s target includes 5% reduction of projected energy consumption by energy efficiency measures.



TABLE R19. CITY AND LOCAL RENEWABLE ENERGY POLICIES: SELECTED EXAMPLES (continued) HEAT-RELATED MANDATES Amsterdam, Netherlands



District heating for at least 200,000 houses by 2040 (using biogas, woody biomass, and waste heat)



Chandigarh, India



Mandatory use of solar water heating (SWH) in industries, hotels, hospitals, prisons, canteens, housing complexes, and government and residential buildings as of 2013



Loures, Portugal



Solar thermal systems mandated as of 2013 in all sports facilities and schools that have good sun exposure



Munich, Germany



80% reduction of heat demand by 2058 (base 2009) through passive solar design (includes heat, process heat, and water heating)



Nantes, France



Extend the district heating system to source heat from biomass boilers for half of city inhabitants by 2017



FOSSIL FUEL REDUCTION TARGETS, ALL CONSUMERS Göteborg, Sweden



100% of total energy fossil fuel-free by 2050



Madrid, Spain



20% reduction in fossil fuel use by 2020 (base 2004)



Seoul, South Korea



30% reduction in fossil fuel and nuclear energy use by 2030 (base 1990)



Växjö, Sweden



100% of total energy fossil fuel-free by 2030



Vijayawada, India



10% reduction in fossil fuel use by 2018 (base 2008)



CO 2 EMISSIONS REDUCTION TARGETS, ALL CONSUMERS Aarhus, Denmark



Carbon-neutral by 2030



Bottrop, Germany



50% reduction by 2020 (base 2010)



Chicago, Illinois, USA



80% reduction by 2050 (base 1990)



Copenhagen, Denmark



20% reduction by 2015 (base 2005); carbon-neutral by 2025



Dallas, Texas, USA



Carbon-neutral by 2030



Hamburg, Germany



40% reduction by 2020, 80% by 2050 (base 1990)



Malmö, Sweden



Zero net emissions by 2020



New York, New York, USA



30% reduction by 2030 (base 2005)



Oslo, Norway



50% reduction by 2030 (base 1991); carbon-neutral by 2050



Seattle, Washington, USA



Carbon-neutral by 2050



Stockholm, Sweden



Reduce emissions to 3 tons of CO2-eq per capita by 2015 (baseline 5.5 tons per capita in 1990)



Tokyo, Japan



25% reduction by 2020 (base 2000)



Toronto, Ontario, Canada



30% reduction by 2020; 80% by 2050 (base 1990)
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TABLE R19. CITY AND LOCAL RENEWABLE ENERGY POLICIES: SELECTED EXAMPLES (continued) URBAN PLANNING Glasgow, Scotland, U.K.



”Sustainable Glasglow” aims for a 30% reduction in CO2 by 2020 (baseline 2006) and breaks down emission reduction targets as follows: CHP/ district heating 9%; biomass 2%; biogas and waste 6%; other renewable energy 3%; transport 3%; fuel switching 3%; and energy management systems 6%. The plan requires all new buildings to source their heating from the district heating system or propose a lower-carbon alternative; 76 GWh of annual wind generation; and fiscal incentives for low-carbon transport such as biogas-powered vehicles or EVs.



Hong Kong, China



Hong Kong's strategy to become China's "greenest region" includes limiting the contribution of coal to 99.0



0.3



El Salvador



92.0



0.5



Eritrea



32.0



4.0



Ethiopia



23.0



65.0



Federated States of Micronesia3



4.0 (rural)



k  80% by 2016



k  100% by 2015



k  75% by 2015



Gabon



60.0



1.0



Ghana



72.0



7.0



Grenada



82.0



Guatemala



82.0



k  100% by 2020



2.7
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TABLE R20. ELECTRICITY ACCESS BY REGION AND COUNTRY (continued) PEOPLE WITHOUT ACCESS TO ELECTRICITY



TARGET



Share (%) of population with access (2011)1



Million (2011)1



Share (%)



Guinea



15.0



8



Guinea-Bissau



15.0



1



REGION/COUNTRY



ELECTRIFICATION RATE



Guyana



82.0



Haiti



28.0



7.3



Honduras



83.0



1.3



India



75.3



306.0



Indonesia



73.0



66.0



Iran



98.0



1.3



Iraq



98.0



0.7



Israel



99.7



0.0



Jamaica



93.0



0.2



Jordan



99.0



0.0



Kenya



19.0



34.0



Kuwait



100



0.0



Laos



78.0



Lebanon



100



0.0



Lesotho



19.0



2.0



Liberia



15.0



3



Libya



99.0



0.0



Madagascar



14.0



18.0



Malawi



7.0



14.0



Malaysia



100



0.0



Mali



18.0



13



Marshall Islands



100 (urban)



Mauritius



99.0



Mexico



97.6



Mongolia



88.0



0.0



Morocco



97.0



1.0



Mozambique



20.0



19.0



Myanmar



13.0



43.5



Namibia



60.0



1.0



Nepal



76.0



7.0



Nicaragua



78%



1.3



Niger



8.0



14.0



Nigeria



52.0



84.0



Oman



98



0.1



69.0



56.0



Pakistan Palestinian Territories



136



0.0



4



k  95% rural by 2015



k  30% by 2030



99.4



Panama



88.0



0.4



Paraguay



98.0



0.1



Peru



90.0



3.0



Philippines



70.0



28.0



Qatar



100.0



0.0



Saudi Arabia



99.0



0.3



Senegal



42.0



7.3



k  16% by 2012



TABLE R20. ELECTRICITY ACCESS BY REGION AND COUNTRY (continued) PEOPLE WITHOUT ACCESS TO ELECTRICITY



TARGET



Share (%) of population with access (2011)1



Million (2011)1



Share (%)



Sierra Leone



15.0



5



Singapore



100



0.0



South Africa



85.0



8.0



South Sudan



1.0



REGION/COUNTRY



Sri Lanka



ELECTRIFICATION RATE



k  100% by 2014



85.0



3.0 25.0



Sudan



29.0



Suriname



90.0



Syria



93.0



1.5



Tanzania



15.0



39.0



Thailand



99



1



22.0



0.9



Togo



27.0



5.0



Trinidad and Tobago



99.0



0.0



Tunisia



99.5



0.1



Uganda



15.0



30.0



United Arab Emirates



100



0.0



Uruguay



99.0



0.0



Timor Leste



k  100% by 2019



Venezuela



99.9



0.1



Vietnam



96.0



4.0



Yemen



40.0



14.9



Zambia



22.0



11.0



Zimbabwe



37.0



8.0



k  51% (rural) k  90% (urban) k  66% (national) by 2030



Note: Rates and targets are national unless otherwise specified. For other targets that relate to off-grid and rural electrification, see Reference Table R15. All data are for 2011 with the exception of China, Ghana, and South Africa, which reflect 2013 data.



1



Developing Asia is divided as follows: China and East Asia includes Brunei, Cambodia, China, Indonesia, Laos, Malaysia, Mongolia, Myanmar, the Philippines, Singapore, South Korea, Taiwan, Thailand, Timor Leste, Vietnam, and other Asian countries; South Asia includes Afghanistan, Bangladesh, India, Nepal, Pakistan, and Sri Lanka.



2



For the Federated States of Micronesia, rural electrification rate is defined by electrification of all islands outside of the four that host the state capital (which is considered urban).



3



The Palestinian Territories’ rate is defined by number of villages connected to the national electricity grid.



4



Source: See Endnote 20 for this section.
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TABLE R21. POPULATION RELYING ON TRADITIONAL BIOMASS FOR COOKING REGIONS AND SELECTED COUNTRIES



Share in 2011 (%)



Africa



696



67%



Nigeria



122



75%



Ethiopia



77



93%



Democratic Republic of the Congo



62



94%



Tanzania



41



94%



South Africa



6



13%



Kenya



33



83%



Other Sub-Saharan Africa



335



74%



1



1%



1,869



51%



India



818



66%



China



446



33%



North Africa Developing Asia1



Bangladesh



143



88%



Indonesia



103



42%



Pakistan



112



63%



Myanmar



48



9%



Rest of Developing Asia



648



36%



Latin America



68



15%



Brazil



12



6%



Middle East



9



4%



All Developing Countries



2,642



49.4%



World2



2,642



38.1%



1



Developing Asia is divided as follows: China and East Asia includes Brunei, Cambodia, China, Indonesia, Laos, Malaysia, Mongolia, Myanmar, the Philippines, Singapore, South Korea, Taiwan, Thailand, Timor Leste, Vietnam, and other Asian countries; South Asia includes Afghanistan, Bangladesh, India, Nepal, Pakistan, and Sri Lanka.



2



Includes countries in the OECD and Eastern Europe/Eurasia.



Source: See Endnote 21 for this section.
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TABLE R22. PROGRAMMES FURTHERING ENERGY ACCESS: SELECTED EXAMPLES NAME



BRIEF DESCRIPTION



ACP-EU Energy Facility



A co-financing instrument that works to increase access to sustainable and affordable energy services in impoverished rural and peri-urban areas of African, Caribbean and Pacific (ACP) countries by involving local authorities and communities.



Africa-EU Renewable Energy Cooperation Programme (RECP)



A programme that contributes to the African EU Energy Partnership’s political targets of increasing renewable energy use and bringing modern access to at least an additional 100 million people by 2020. It provides policy advice, private sector co-operation, project preparation support activities, and capacity development.



African Renewable Energy Fund (AREF)



A private equity fund that invests in small to medium-sized renewable energy projects in sub-Saharan Africa, excluding South Africa. It aims to assist governments in meeting their renewable energy and carbon emission targets, while creating jobs. AfDB and SE4ALL are co-sponsors and anchor investors.



Asian Development Bank – Energy for All Initiative



An initiative that strengthens ADB’s investments on energy access. From 2008 to 2013, ADB’s USD 4.8 billion investment benefitted more than 15.6 million households (78 million people).



Capital Access for Renewable Energy Enterprises Programme (CARE2)



A USD 7 million programme that aims to expand renewable energy markets in Kenya, Tanzania, Uganda, and Rwanda through interventions designed to increase the supply of capital to businesses and the effective deployment of capital. CARE2 is supported by the Swedish International Development Cooperation Agency.



CleanStart



A programme developed by UNCDF and UNDP to help poor households and microentrepreneurs access micro-financing for low-cost clean energy. It aims to help lift at least 2.5 million people out of energy poverty by 2017, in ways that can be replicated and scaled up by others.



Energising Development (EnDev)



An initiative of Australia, Germany, the Netherlands, Norway, Switzerland, and the United Kingdom that co-operates with 24 countries in Asia, Africa, and Latin America to provide sustainable access to modern energy services to at least 15 million people by the end of 2018. By mid-2013, EnDev reached 11 million people.



Energy, Ecodevelopment and Resilience in Africa (EERA)



A project that supports energy decision makers in assessing national energy policy frameworks and identifying how energy policies can support climate resilience and sustainable energy objectives in Benin, Mali, and Togo.



EU-Africa Infrastructure Trust Fund (ITF)



A fund that combines grants from the European Commission and EU Member States with loans from eligible financial institutions to support regional infrastructure projects. Areas of focus include energy, transport, water and sanitation, as well as ICT [I would spell this out] and regional or national SE4ALL projects. By end-2013, 92 grants had been approved (worth a total of USD 680 million) to support 69 infrastructure projects, including 37 energy projects (19 of which are renewable energy projects).



GIZ – HERA Poverty-orientated Basic Energy Services



A programme that promotes access to renewable energy and its sustainable and efficient use. With its support, 2.5 million efficient stoves have been successfully produced and sold in the last six years.



Global Alliance for Clean Cookstoves



A public-private partnership that works to save lives, improve livelihoods, empower women, and protect the environment by creating a thriving global market for clean and efficient household cooking solutions. Its goal is for 100 million households to be using clean cook stoves and fuels by 2020.



Global Energy Efficiency and Renewable Energy Fund (GEEREF)



A sustainable development tool sponsored by the EU, Germany, and Norway, advised by the European Investment Bank Group, to mobilise public and private capital to support small and medium-sized renewable energy and energy efficiency projects.



Global LEAP Awards for Outstanding Off-Grid Products



An international competition to identify the world’s best low-voltage direct-current off-grid appliances, with the first round (to be awarded in May 2014) aiming to identify energy efficient, high quality, off-grid LED appliances for room lighting and flat-panel colour televisions.



Global Lighting and Energy Access Partnership (Global LEAP)



An initiative of the Clean Energy Ministerial whose members include more than 10 governments and development partners. It provides support for quality assurance frameworks and programmes that encourage market transformation towards superefficient technologies for off-grid use.
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TABLE R22. PROGRAMMES FURTHERING ENERGY ACCESS: SELECTED EXAMPLES (continued)
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NAME



BRIEF DESCRIPTION



IDEAS – Energy Innovation Contest



An initiative that supports the implementation of innovative projects in the areas of renewable energy, energy efficiency, and energy access in Latin America and the Caribbean by promoting innovative energy solutions that can be replicated and scaled up in the region.



IRENA – Abu Dhabi Fund for Development (ADFD)



A fund that supports renewable energy projects that: offer innovative and replicable approaches to broaden energy access; address several socioeconomic issues identified in the Millennium Development Goals and SE4ALL objectives; and address energy security issues.



Latin America and Caribbean (LAC SE4ALL)



A programme under way in 26 LAC countries to prepare a supporting platform for the LAC SE4ALL Initiative, financed by the Inter-American Development bank. It is integrated and co-ordinated with the UN global SE4ALL initiative.



Lighting Africa



An IFC and World Bank programme that seeks to accelerate the development of sustainable markets for affordable, modern off-grid lighting solutions for low-income households and micro-enterprises across Africa. As of early 2014, Lighting Africa had provided access to clean, safe lighting for more than 7.7 million people.



Lighting Asia



A programme to provide modern off-grid lighting to the 400 million people in rural India who live off the grid, with the goal of reaching at least 2 million people by the end of 2015.



Power Africa



A U.S. government initiative to address access to electricity in sub-Saharan Africa with a commitment of more than USD 7 billion in financial support and loan guarantees. It aims to bridge the gap between Africa’s power shortage and its economic potential.



Scaling Up Renewable Energy in Low Income Countries (SREP)



This Strategic Climate Fund (SCF) programme was established to expand renewable energy markets and scale up renewables deployment in the world’s poorest countries. Piloting in Ethiopia, Honduras, Kenya, Liberia, Maldives, Mali, Nepal, and Tanzania.



SNV Netherlands Development Organisation – Biogas Practice



Through a multi-actor sector development approach, SNV supports the preparation and implementation of national biogas programmes throughout the world. In co-operation with its partners, SNV had installed 579,000 biogas plants in 18 developing countries in Asia, Africa, and Latin America by end-2013 (with 74,000 in 2013 alone).



Sustainable Energy Fund for Africa (SEFA)



A fund administered by the African Development Bank, anchored by a Danish government commitment of USD 57 million, to support small- and medium-scale clean energy and energy efficiency projects in Africa through grants for technical assistance and capacity building, investment capital, and guidance.



Sustainable Energy for All Initiative (SE4ALL)



A global initiative of UN Secretary-General Ban Ki-moon with three objectives for 2030: achieving universal access to electricity and clean cooking solutions; doubling the share of the world’s energy supplied by renewable sources; and doubling the rate of improvement in energy efficiency.



TABLE R23. NETWORKS FURTHERING ENERGY ACCESS: SELECTED EXAMPLES NAME



BRIEF DESCRIPTION



African Bioenergy Development Platform



A platform launched by UNCTAD to assist interested African countries to develop their bioenergy potentials for advancing human and economic development through interactive, multi-stakeholder analytical exercises.



African Renewable Energy Alliance (AREA)



A global multi-stakeholder platform to exchange information and consult about policies, technologies, and financial mechanisms for the accelerated uptake of renewable energy in Africa.



Clean Energy for Africa (CLENA)



A Youth Volunteers for the Environment project with a five-year action plan (2012–2016) to promote sustainable energy and alleviate energy poverty in Africa.



CTI – Private Financing Advisory Network



A network that identifies promising clean energy projects at an early stage and provides mentoring for development of a business plan, investment pitch, and growth strategy, etc.



ENERGIA International



An international network focused on gender issues, women’s empowerment, and sustainable energy that by early 2014 included 22 organisations working in Africa and Asia.



Global 100% RE



The first global campaign to advocate for 100% renewable energy; its aims to prove that this goal is urgent and achievable in developed as well as developing countries.



HEDON Household Energy Network



A network aimed at empowering practitioners to unlock barriers to household energy access by addressing knowledge gaps, facilitating partnerships, and fostering information sharing.



RedBioLAC



A multinational network of institutions involved in research and dissemination of anaerobic bio-digestion, and the treatment and management of organic waste in Latin America and the Caribbean.



UN Foundation Energy Access Practitioner Network



A network with more than 1,600 members from over 190 countries that supports market-led decentralised energy activities towards achieving universal energy access by 2030. It serves as a “network of networks” to help develop a global approach for scaling towards universal energy access.
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Estimated shares are from the following sources: total 2012 final energy demand (estimated at 8,265 Mtoe) based on 8,098 Mtoe for 2011 from International Energy Agency (IEA), “World Energy Statistics” (Paris: Organisation for Economic Co-operation and Development (OECD)/IEA, 2013) and escalated by the 2.06% increase in global primary energy demand from 2011 to 2012, derived from BP, Statistical Review of World Energy 2013 (London: 2013), http://www.bp.com/content/dam/bp/pdf/statistical-review/ statistical_review_of_world_energy_2013.pdf. Traditional biomass use in 2012 of 31.3 EJ based on the same value for 2011 from IEA, Medium-Term Renewable Energy Market Report 2013 (Paris: OECD/ IEA, 2013), p. 217. Elsewhere, traditional biomass use in 2011 was estimated at 744 Mtoe (31.15 EJ), and expected to decline by 2020, from IEA, World Energy Outlook (Paris: OECD/IEA, 2013), pp. 200–201. In 2011, the Intergovernmental Panel on Climate Change (IPCC) indicated a higher range for traditional biomass of 37–43 EJ, and a proportionately lower figure for modern biomass use, per O. Edenhofer et al., eds., IPCC Special Report on Renewable Energy Resources and Climate Change Mitigation (Cambridge, U.K. and New York: Cambridge University Press, 2011), Table 2.1, http://srren.ipcc-wg3.de/report. Bio-heat energy values for 2012 (industrial, residential, commercial, and other uses, including heat from heat plants) based on 315 Mtoe (12.8 EJ) for 2011 and projected 3.1% annual growth for bioenergy use for heat to 2018, from IEA, Medium-Term Renewable Energy Market Report 2013, op. cit. this note, p. 223. Bio-power generation was estimated at 32 Mtoe (373 TWh), from idem, p. 172. Wind power generation of 50 Mtoe (582 TWh) based on global capacity of 283.2 GW from Global Wind Energy Council (GWEC), Global Wind Report – Annual Market Update 2013 (Brussels: April 2014), http://www.gwec.net/ wp-content/uploads/2014/04/GWEC-Global-Wind-Report_9April-2014.pdf, and a capacity factor (CF) of 23.44%, calculated from 2012 global capacity and output as reported by Navigant Research, World Market Update 2013: International Wind Energy Development. Forecast 2014-2018 (Copenhagen: March 2014). Solar PV generation was estimated at 9.9 Mtoe (116 TWh), based on 99.7 GW capacity from European Photovoltaic Industry Association (EPIA), Market Report 2013 (Brussels: March 2014), http://www. epia.org/uploads/tx_epiapublications/Market_Report_2013_02. pdf, and average CF of 13.24%, based on 2013 capacity of 139 GW from Gaëtan Masson, IEA-Photovoltaic Power Systems Programme (IEA-PVPS), and iCARES Consulting, personal communication with REN21, February-May 2014; and EPIA, Global Market Outlook for Photovoltaics 2014-2018 (Brussels: forthcoming 2014); 2013 generation of 160 TWh from IEA-PVPS, PVPS Report – Snapshot of Global PV 1992–2013: Preliminary Trends Information from the IEA PVPS Programme (Brussels: March 2014), http://www. iea-pvps.org/fileadmin/dam/public/report/statistics/PVPS_ report_-_A_Snapshot_of_Global_PV_-_1992-2013_-_final_3. pdf. CSP was 0.5 Mtoe (6 TWh), based on 2.54 GW capacity from REN21, Renewables 2013 Global Status Report (Paris: REN21 Secretariat, 2013), and CF of 25.9% based on preliminary 2013 capacity and generation from IEA, Medium-Term Renewable Energy Market Report 2014 (Paris: OECD/IEA, forthcoming 2014). Ocean power was 0.1 Mtoe (1.1 TWh), based on 530 MW capacity and CF of 23.3% based on 2013 capacity and generation from idem. Geothermal electricity generation was 6.2 Mtoe (72 TWh), from IEA, Medium-Term Renewable Energy Market Report 2013, op. cit. this note. Hydropower was 318 Mtoe (3,700 TWh), from International Hydropower Association (IHA), personal communication with REN21, May 2014. Solar thermal heating/cooling of 20.6 Mtoe (0.86 EJ) from Franz Mauthner, AEE – Institute for Sustainable Technologies, Gleisdorf, Austria, personal communication with REN21, March-May 2014, and from Franz Mauthner and Werner Weiss, Solar Heat Worldwide: Markets and Contribution to the Energy Supply 2012 (Gleisdorf, Austria: IEA Solar Heating and Cooling Programme (SHC), forthcoming 2014). Note that the estimate does not consider air collectors. Geothermal heat was estimated at 7.8 Mtoe (0.33 EJ), derived from the average of two estimated values. The first (376 PJ) was derived from global annual direct use in 2011 of 335 PJ, from IEA, “World Energy Statistics,” op. cit. this note, and escalated at the observed two-year average growth rate (2009–2011) to 2012 and 2013; the second (281 TJ) was derived from global direct use in 2009 of 223 PJ, from John W. Lund, Derek H. Freeston, and Tonya L. Boyd, “Direct Utilization of Geothermal Energy 2010 Worldwide Review,” Proceedings World Geothermal Congress 2010 (Bali, Indonesia: 25–29 April 2010), which was escalated first at the annual growth rate from IEA data (”World Energy Statistics,” op. cit. this note) to 2011 and then by the twoyear average growth rate (2009–2011) to 2012 and 2013, as above. For liquid biofuels, ethanol use was estimated at 43.8 Mtoe (1.83 EJ) and biodiesel use at 19.4 Mtoe (0.81 EJ), based on 82.6 billion



litres and 23.6 billion litres, respectively, from F.O. Licht, “Fuel Ethanol: World Production, by Country (1000 cubic metres),” 2014, and F.O. Licht, “Biodiesel: World Production, by Country (1000 t),” 2014, used with permission from F.O. Licht / Licht Interactive Data; average conversion factors from Oak Ridge National Laboratory, “Bioenergy Conversion Factors,” https://bioenergy.ornl.gov/papers/ misc/energy_conv.html. Nuclear power generation was assumed to contribute 213 Mtoe (2,477 TWh) of final energy, from BP, op. cit. this note. 2 



Ibid.



3 



IEA, World Energy Outlook 2013, op. cit. note 1, p. 200.



4 



Data and Figure 1 based on sources in Endnote 1.



5 



Figure 2 based on the following sources (see also relevant sections and endnotes for more details regarding 2013 data and sources): Solar PV based on 15,795 MW in operation at the end of 2008, and 99,690 MW at the end of 2012, from EPIA, Market Report 2013, op. cit. note 1, and more than 139 GW at the end of 2013. CSP based on 485 MW in operation at the end of 2008, from Fred Morse, Abengoa Solar, personal communication with REN21, 4 May 2012, and from Red Eléctrica de España (REE), “Potencia Instalada Peninsular (MW),” updated 29 April 2013, https://www. ree.es/ingles/sistema_electrico/series_estadisticas.asp; on about 2,540 MW at the end of 2012, from REN21, op. cit. note 1, from Luis Crespo, European Solar Thermal Electricity Association (ESTELA), personal communication with REN21, February 2014, from Fred Morse, Morse Associates, Inc., personal communication with REN21, February 2014, from “CSP World Map,” CSP World, http:// www.csp-world.com/cspworldmap, and from “CSP Today Global Tracker,” CSP Today, http://social.csptoday.com/tracker/projects; and on 3,425 MW at the end of 2013. Wind power based on 120.6 GW at the end of 2008 and 283 GW at the end of 2012, from GWEC, op. cit. note 1, and on 318 GW at the end of 2013. Hydropower based on an estimated 833 MW (not including pumped storage) in operation at the end of 2008 based on data from U.S. Energy Information Administration (EIA), “Table: Hydroelectricity Installed Capacity (Million kilowatts),” www.eia.gov/cfapps/ipdbproject/ iedindex3.cfm, viewed 11 May 2014, and adjusted downward by 20 GW to account for difference between 2011 data from EIA and from IEA, Medium-Term Renewable Energy Market Report 2013, op. cit. note 1, and on 960 GW at the end of 2012, from IHA, Hydropower Database (unpublished), personal communication with REN21, February-March 2014, and on 1,000 GW at the end of 2013. Geothermal based on 10.3 GW in operation at the end of 2008, and about 11.5 GW at the end of 2012, from U.S. Geothermal Energy Agency (GEA), unpublished database, provided by Benjamin Matek, GEA, personal communication with REN21, March 2014, and 12 GW at the end of 2013. Solar water heaters based on 169.1 GWth capacity (not including air collectors) in operation at the end of 2008, 281.6 GWth at the end of 2012, and an estimated 326 GWth at the end of 2013, from Mauthner, op. cit. note 1, and on Mauthner and Weiss, op. cit. note 1. Biofuels based on 15.6 billion litres of biodiesel and 66 billion litres of fuel ethanol produced in 2008, 23.6 billion litres of biodiesel and 82.6 billion litres of fuel ethanol in 2012, and 26.3 billion litres of biodiesel and 87.2 billion litres of fuel ethanol in 2013, all from F.O. Licht, “Fuel Ethanol: World Production, by Country (1000 cubic metres),” 2013, and F.O. Licht, “Biodiesel: World Production, by Country (1000 T), 2013, from Helena Chum, U.S. National Renewable Energy Laboratory (NREL), personal communication with REN21, May 2013 and March 2014, with permission from F.O. Licht/ Licht Interactive Data.



6 



Sidebar 1 from the following sources: observations of GSR report authors; International Renewable Energy Agency (IRENA), Statistical Issues: Bioenergy and Distributed Renewable Energy (Abu Dhabi: 2013), http://www.irena.org/DocumentDownloads/ Publications/Statistical%20issues_bioenergy_and_distributed%20 renewable%20_energy.pdf; United Nations Sustainable Energy for All (SE4ALL), Global Tracking Framework (Washington, DC: 2013), http://www.worldbank.org/en/topic/energy/publication/ Global-Tracking-Framework-Report. The Global Tracking Framework provides a system for regular reporting over the years leading to 2030, to monitor advances towards SE4ALL targets. Currently, the tracking framework draws from available global databases, but over the medium term, the framework aims to improve existing databases. At the regional level, initiatives include those by the ECOWAS Observatory for Renewable Energy and Energy Efficiency, http://www.ecowrex.org/, and the RCREEE Arab Future Energy Index, http://www.rcreee.org/projects/ arab-future-energy-index%E2%84%A2-afex.



7 



IEA, World Energy Outlook 2013, op. cit. note 1, p. 199. Also see Bioenergy section of this report.



Sven Teske, Greenpeace International, personal communication with REN21, 13 January 2014.



9 



Eurostat, “Renewable Energy in the EU28 – Share of Renewables in Energy Consumption Up to 14% in 2012,” press release (Brussels: 10 March 2014), http://epp.eurostat.ec.europa.eu/cache/ ITY_PUBLIC/8-10032014-AP/EN/8-10032014-AP-EN.PDF.



10 Energy subsidies cause inefficient energy use and hinder investment, from World Economic Forum, The Global Energy Architecture Performance Index Report 2014 (Geneva: December 2013), p. 22, http://www3.weforum.org/docs/WEF_EN_NEA_ Report_2014.pdf, and from International Monetary Fund (IMF), “Reforming Energy Subsidies Summary Note,” 2013, http://www. imf.org/external/np/fad/subsidies/pdf/note.pdf. 11 Estimate of USD 544 billion to fossil fuels and USD 101 billion to renewables in 2012, from IEA, “World Energy Outlook 2013 Factsheet,” http://www.iea.org/media/files/WEO2013_factsheets. pdf, viewed 23 March 2014; according to the IMF, subsidies are USD 1.9 trillion if considering total post-tax subsidies, per IMF, op. cit. note 10. 12 In Latin America, for example, wind power projects are being delayed due to lack of grid infrastructure, per Gonzalo Bravo, Fundación Bariloche, personal communication with REN21, 14 January 2014; grid connection is a problem in Brazil, per “Energia Eólica: A Culpa da Chesf,” Diário do Nordeste, 25 February 2014, http://www.portalabeeolica.org.br/index.php/noticias/1612energia-eólica-a-culpa-da-chesf.html (using Google Translate); in Colombia, the cost of transmission lines required to move wind power from the areas with greatest potential (in La Guajira) is a main barrier for wind power development, as is variability of the wind resource, per Javier Eduardo Rodriguez, UPME – Colombian Mining and Energy Planning Unit, personal communication with REN21, 15 April 2014; grid-connection remains a major challenge for offshore wind, particularly off Germany’s coast, where 43% of the turbines installed in 2013 (or nearly 395 MW) lacked grid connection by year’s end, per B. Neddermann, “German Offshore Market Growing Despite Problems with Grid Connection,” DEWI Magazin, February 2014, p. 55, http://www.dewi.de/dewi/fileadmin/pdf/publications/ Magazin_44/09.pdf; curtailment and inability to integrate in several countries, including China and India, from Shruti Shukla, GWEC, personal communication with REN21, 19 March 2014. 13 Masson, op. cit. note 1; PV Grid, Initial Project Report, July 2013, http://www.pvgrid.eu/fileadmin/PV_GRID_INITIAL_REPORT_ version2.1_July_2013.pdf; PV Grid, Prioritisation of Technical Solutions Available for the Integration of PV into the Distribution Grid, 26 June 2013, http://www.pvgrid.eu/fileadmin/130626_PVGRID_ D3_1_Final.pdf; IEA, World Energy Outlook 2013, op. cit. note 1, p. 213; C. Mitchell et al., “Policy, Financing and Implementation,” Chapter 11 in Edenhofer et al., eds., op. cit. note 1, p. 925; R. Sims et al., “Integration of Renewable Energy into Present and Future Energy Systems,” Chapter 8 in idem. 14 Paolo Frankl, IEA, personal communication with REN21, 6 March 2014. 15 See, for example, Stephen Jewkes, “Enel Green Power Looks to Africa, Latin America for Growth,” Reuters, 7 November 2013, http://planetark.org/wen/70282. See also all other sections of this report. 16 Frankfurt School–United Nations Environment Programme Collaborating Centre for Climate & Sustainable Energy Finance (FS-UNEP Centre) and Bloomberg New Energy Finance (BNEF), Global Trends in Renewable Energy Investment 2014 (Frankfurt: 2014); James Montgomery, “Third-Party Residential Solar Surging in California; Nearly a Billion-Dollar Business,” Renewable Energy World, 15 February 2013, http://www.renewableenergyworld.com/ rea/news/article/2013/02/third-party-residential-solar-surging-incalifornia-nearly-a-billion-dollar-business; Scott Sklar, Stella Group, personal communication with REN21, 20 February 2013; Rainer Hinrichs-Rahlwes, German Renewable Energies Federation (BEE), personal communication with REN21, 2 May 2014. 17 SE4ALL, http://www.se4all.org/, viewed April 2014; IEA, World Energy Outlook 2013, op. cit. note 1, p. 197; Mitchell et al., op. cit. note 13, pp. 878–80. 18 See, for example, Mitchell et al., op. cit. note 13, p. 879; accelerating economic development in rural and remote areas is emerging as a major driver for renewables in developing countries, from Shirish Garud, The Energy and Resources Institute (TERI), personal communication with REN21, 15 April 2014; job creation potential is becoming increasingly important in justifying public investments in renewable energy, per David A. Quansah, The



Energy Center, Knust, Ghana, personal communication with REN21, 15 April 2014. 19 Business opportunities from International Finance Corporation (IFC), From Gap to Opportunity: Business Models for Scaling Up Energy Access (Washington, DC: 2012), http://www1.ifc.org/ wps/wcm/connect/b7ce4c804b5d10c58d90cfbbd578891b/ ExecutiveSummary.pdf?MOD=AJPERES; new business models for all types of technologies from M. Wiemann, Alliance for Renewable Energy, personal communication with REN21, 16 April 2014. 20 Frankl, op. cit. note 14; Bravo, op. cit. note 12. Sidebar 2 from the following sources: “90% Renewable Electricity by 2015 Is Uruguay’s Goal,” Clean Technica, 1 January 2013, http:// cleantechnica.com/2013/01/08/90-renewable-electricityby-2015-is-uruguays-goal/; Grenada from IRENA, Renewable Readiness Assessment Grenada (Abu Dhabi: 2012), https://www. irena.org/DocumentDownloads/Publications/Grenada_RRA. pdf, and from REN21 database; regional renewable energy shares from Multilateral Investment Fund (MIF), Climatescope 2013 (Washington, DC: 2013), http://www.iadb.org/intal/ intalcdi/PE/2013/13205en.pdf; hydrological vulnerability from Inter-American Development Bank (IDB), Rethinking Our Energy Future (Washington, DC: June 2013), http:// www.iadb.org/en/publications/publication-detail,7101. html?dctype=All&dclanguage=en&id=69434; IEA, World Energy Outlook 2013, op. cit. note 1; reducing fossil fuel reliance from Caribbean Community and Common Market, Energy Policy (Georgetown, Guyana: March 2013), www.caricom.org/jsp/ community_organs/energy_programme/CARICOM_energy_ policy_march_2013.pdf; electrification rates (average global electrification rate is 82%) from IEA, World Energy Outlook 2013, op. cit. note 1; solar and geothermal potential based on technically feasible potential, per Monique Hoogwijk and Wina Graus, Global Potential of Renewable Energy Sources (London: ECOFYS, March 2008), http://www.ecofys.com/files/files/report_global_potential_ of_renewable_energy_sources_a_literature_assessment.pdf; wind resources from IDB, op. cit. this note; non-hydro renewable potential assumes current electricity consumption of 1.3 petawatthour (PWh) (1 trillion kWh) and a regional non-hydro technical potential of over 80 PWh, per idem; geothermal capacity from idem; solar PV market from EPIA, Global Market Outlook for Photovoltaics until 2016 (Brussels: 2012), http://large.stanford.edu/ B7E2C175-E70B-491E-B969-D77E62985EFE/FinalDownload/ DownloadId-A574F187CAFD51815145012048BC7166/ B7E2C175-E70B-491E-B969-D77E62985EFE/courses/2012/ ph240/vidaurre1/docs/masson.pdf; solar thermal collectors from Franz Mauthner and Werner Weiss, Solar Heat Worldwide (Paris: IEA, 2013), http://www.iea-shc.org/solar-heat-worldwide; Chile from Abengoa Solar, “Industrial installation of concentrating solar power in Chile,” http://www.abengoasolar.com/web/en/ nuestras_plantas/plantas_para_terceros/chile/index.html; Jamaica from Annabel Homer, “Agricultural drying Jamaica uses innovative solar alternative and renewable energy technologies,” 21 August 2013, http://www.gvepinternational.org/en/business/ news/agricultural-drying-jamaica-uses-innovative-solar-alternativeand-renewable-energy-tec; Peru from Andina “Inauguran 40 secadores solares para la poscosecha de café en Satipo, Junín,” 1 November 2013, http://www.andina.com.pe/espanol/noticiainauguran-40-secadores-solares-para-poscosecha-cafe-satipojunin-480812.aspx; Mexico from Adrián Vidal Santo et al., “Diseño y construcción de un secador solar portátil,” Congreso Internacional de Investigacion, vol. 4, no. 2 (2012), http://www.uv.mx/personal/ avidal/files/2013/06/Secador-Solar.pdf; urbanisation from IDB Emerging and Sustainable Cities Initiative, “What Do We Do?” http://www.iadb.org/en/topics/emerging-and-sustainable-cities/ responding-to-urban-development-challenges-in-emergingcities,6690.html, viewed February 2014; biofuel promotion from IDB, Low Carbon Technologies Can Transform Latin America’s Bus Fleets (Washington, DC: 25 April 2013), http://idbdocs.iadb. org/wsdocs/getdocument.aspx?docnum=37907926; Brazil’s biofuel share from Energy and Mines Ministry, Empresa de Pesquisa Energetica, Brazil Energy Balance 2013 (Brasilia: 2013), https://ben.epe.gov.br/downloads/S%C3%ADntese%20do%20 Relat%C3%B3rio%20Final_2013_Web.pdf; regional biofuel leaders from MIF, op. cit. this note; renewable support measures from Bravo, op. cit. note 12; El Salvador issued tenders for 100 MW of wind and solar power, per BNEF, “El Salvador Solicits Bids for 100 Megawatts of Wind, Solar Power,” 2 October 2013, http://www.bloomberg.com/news/2013-10-02/el-salvadorsolicits-bids-for-100-megawatts-of-wind-solar-power.html; Peru issued tenders for 240 MW of hydropower, per “Perú adjudica 19 proyectos generación hidroeléctrica con recursos renovables,”
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ENDNOTES 01 GLOBAL OVERVIEW La Informacion, 13 December 2013, http://noticias.lainformacion. com/economia-negocios-y-finanzas/energia-alternativa/peruadjudica-19-proyectos-generacion-hidroelectrica-con-recursosrenovables_TbZsx0zWtSrd5zlkVxfGo6/; Brazil issued tenders for 6.124 GW of renewables, from Auction A-3 has 868 MW of wind per BNEF, “Wind Farms Dominating Brazil Power Auction Set for Record Year,” 18 November 2013, http://www.bloomberg.com/news/201311-18/wind-farms-dominating-brazil-power-auction-set-for-recordyear.html; has 4.7 GW of wind during the year per BNEF, “Brazil Energy Auction Sells 2.3 Gigawatts of Wind-Power Projects,” 13 December 2013, http://www.bloomberg.com/news/2013-12-13/ brazil-energy-auction-sells-2-3-gigawatts-of-wind-power-projects. html; has 123 MW of solar power from “Brazilian state approves 123 MW of solar developments in energy auction,” PV tech, January 2014, http://www.pv-tech.org/news/brazil_gains_122mw_of_ solar_developments_after_state_energy_auction; has 481.2 MW small-scale hydro and 808 MW biomass, per Brazil Energy Research Office EPE from Beatriz Monteiro, communication with Sandra Chavez, IRENA, 20 February 2014; Uruguay has 200 MW of solar power, per Alejandro Diego Rosell, “One of the lowest solar rates in the world?” PV Magazine, December 2013, http://www. pv-magazine.com/archive/articles/beitrag/one-of-the-lowest-solarrates-in-the-world-_100013587/#axzz2rt4Y3PqY; Barbados, Brazil, Chile, Costa Rica, the Dominican Republic, Jamaica, Mexico, and Uruguay all have promoted net metering, per MIF, op. cit. this note; improved investment environment from Bravo, op. cit. note 12; investment commitments from BNEF, “Clean Energy Investment Falls for Second Year,” press release (London: 15 February 2014), http://about.bnef.com/press-releases/clean-energy-investmentfalls-for-second-year/; spread of manufacturing from MIF, op. cit. this note; factors behind development delays from Bravo, op. cit. note 12; challenges of low demand from Caribbean Community and Common Market, op. cit. this note. 21 Anna Leidreiter, World Future Council, personal communication with REN21, 10 April 2014. See also European Commission, “Siena Starts the New Year as Europe’s First Carbon Free City,” 22 January 2014, http://ec.europa.eu/environment/europeangreencapital/ siena-starts-new-year-carbon-free/. 22 See Market and Industry Trends section. 23 U.S. International Trade Commission, Renewable Energy and Related Services: Recent Developments (Washington, DC: August 2013), Executive Summary, http://www.usitc.gov/publications/332/ pub4421.pdf. 24 Back toward profitability from FS-UNEP Centre and BNEF, op. cit. note 16, p. 16, and from Alessandro Marangoni, Mario Iannotti, and Sofia Khametova, The Strategies of the 50 Leading Companies in the Global Renewable Energy Industry, Edition II (Milan: Althesys Strategic Consultants, 2014), Summary, http://www.althesys.com/ wp-content/uploads/2014/03/Althesys-IREX-International-2014-. pdf. 25 FS-UNEP Centre and BNEF, op. cit. note 16. 26 Global investment in fossil fuel power capacity was USD 270 billion; however, most of this was to replace previously existing capacity, and investment in additional fossil power capacity was an estimated USD 102 billion. This compares with USD 192 billion for renewables not including hydro plants larger than 50 MW, and at least USD 227 billion if all hydro is included, from ibid., pp. 30–32. 27 Ibid., p. 13; financing from Michael Eckhart, CitiGroup, Inc., personal communication with REN21, 13 January 2014. 28 Louise Downing, “Record Renewable Energy Transfers Illustrate Investors’ Appetites, Utilities’ Pain,” Bloomberg, 7 November 2013, http://www.renewableenergyworld.com/rea/news/article/2013/11/ record-renewable-energy-transfers-illustrate-investors-appetitesutilities-pain; for interest among institutional investors, see also Vera Eckert, “Green energy in Europe vies now with conventional energy: Allianz,” Reuters, 26 April 2013, http://planetark.org/ wen/68514; other new investors include insurance and reinsurance firms (e.g., Allianz, Munich Re), which are pouring billions of Euros into renewable energy projects, from “Green Makeover Will Be Struggle for Germany’s RWE,” Reuters, 1 November 2013, http:// planetark.org/wen/70238; Kelvin Ross, “London Array Wind Farm the Highlight of ‘Exceptional Year’ for Masdar,” Renewable Energy World, 24 January 2014, http://www.renewableenergyworld.com/ rea/news/article/2014/01/london-array-wind-farm-the-highlightof-exceptional-year-for-masdar; Sally Bakewell, “Citi Sees Capital Markets Reviving Renewables as Banks Bow Out,” Bloomberg, 27 January 2014, http://www.renewableenergyworld.com/rea/news/ article/2014/01/citi-sees-capital-markets-reviving-renewablesas-banks-bow-out; Tildy Bayar, “Trend Spotting in Renewables
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Investment,” Renewable Energy World, May-June 2013, p. 53. 29 Use of crowd funding in China from Eric Ng, “Solar Farm Taps Crowd Funding for 10 m Yuan Project,” South China Morning Post, 20 February 2014, http://www.scmp.com/business/commodities/ article/1431397/solar-farm-taps-crowd-funding-10m-yuan-project; Africa and Asia from Felicity Carus, “Crowdfunding Aims to Prove that Solar Power in a Bankable Sector,” The Guardian, 20 December 2013, http://www.theguardian.com/sustainable-business/ crowdfunding-solar-power-bankable-sector; risk-guarantee schemes from Franck Jesus, Global Environment Facility (GEF), personal communication with REN21, 16 April 2014. See also FS-UNEP Centre and BNEF, op. cit. note 16. 30 See Distributed Renewable Energy in Developing Countries section. 31 See Reference Table R1 and related endnote for details and references. 32 Ibid. 33 Based on total additions of approximately 120 GW, with an estimated 40 GW from hydropower, more than 39 GW from solar PV, and more than 35 GW from wind. For details and references see Reference Table R1, Market and Industry Trends section, and related endnotes. 34 Based on estimates ranging from at least 36.9 GW to most likely 39–40 GW of solar PV added during 2013 from Masson, op. cit. note 1, from IEA-PVPS, op. cit. note 1, from EPIA, Global Market Outlook for Photovoltaics 2014-2018, op. cit. note 1, and from FS–UNEP Centre and BNEF, op. cit. note 16; from estimates of 35.3–36.1 GW of wind power capacity added during 2013 from GWEC, op. cit. note 1, from World Wind Energy Association (WWEA), World Wind Energy Report 2013 (Bonn: 2014), and from Navigant Research, op. cit. note 1, Executive Summary; from data on global solar PV capacity additions back to 1990, from Paul Maycock, PV News, various years, and from EPIA, Market Report 2013, op. cit. note 1; and from data on net global wind capacity additions back to 1981 from GWEC, op. cit. note 1, and from Janet L. Sawin, “The Role of Government in the Development and Diffusion of Renewable Energy Technologies: Wind Power in the United States, California, Denmark and Germany, 1970-2000,” Doctoral Dissertation, Fletcher School, Tufts University, September 2001. 35 Growing share based on data from REN21, Renewables Global Status Report, previous editions, and from EIA and BNEF data, provided in FS–UNEP Centre and BNEF, op. cit. note 16, p. 31. 36 Figure of 56% based on a total of approximately 120 GW of renewable capacity added, as noted in this report; on 4 GW of nuclear power capacity added and 5.4 GW of capacity permanently shutdown, for a net reduction of 1.4 GW, from International Atomic Energy Agency (IAEA) PRIS Database, http://www.iaea.org/pris/, viewed 11 May 2014; net increase in fossil generating capacity of an estimated 95 GW, from FS¬–UNEP Centre and BNEF, op. cit. note 16, p. 30. Based on these data, total global net capacity additions in 2013 were estimated to be about 213.6 GW, putting the renewable share at just over 56%. Higher shares in several countries based on the following: IEA-PVPS, op. cit. note 1; New Zealand from Ralph Sims, Massey University, New Zealand, personal communication with REN21, 30 March 2014; countries in Europe based on the fact that 72% of newly installed EU capacity was renewable, from European Wind Energy Association (EWEA), Wind in Power: 2013 European Statistics (Brussels: February 2014), p. 7, http:// www.ewea.org/fileadmin/files/library/publications/statistics/ EWEA_Annual_Statistics_2013.pdf; France decommissioned fossil capacity and adding no nuclear power capacity, therefore adding only renewables, per Romain Zissler, Institute for Sustainable Energy Policies (ISEP), personal communication with REN21, 15 April 2014; nearly all capacity added in Italy was renewable, from Alessandro Marangoni, Althesys Strategic Consultants, personal communication with REN21, 16 April 2014. 37 EWEA, op. cit. note 36, p. 7. 38 Renewable share of total global electric generating capacity is based on renewable total of 1,560 GW and on total global electric capacity in the range of 5,898.3 GW. Estimated total world capacity for end-2013 is based on 2011 total of 5,456 GW, from IEA, World Energy Outlook 2013, op. cit. note 1, p. 574; on about 116 GW of renewable power capacity added in 2012, from REN21, op. cit. note 1, and adjusted data for 2012; on 109 GW net additions of fossil fuel-fired capacity in 2012, from FS–UNEP Centre and BNEF, Global Trends in Renewable Energy Investment 2013 (Frankfurt: 2013); on a net increase in nuclear power capacity of 3.7 GW in 2012, from IAEA, cited in “Nuclear Power Capacity Grew Again in 2012: IAEA,” Agence France Presse, 5 March 2013; and on a net



39 Estimates based on the following sources: Total global electricity generation in 2013 is estimated at 22,921 TWh, based on 22,504 TWh in 2012 from BP, op. cit. note 1, and an estimated 1.85% growth in global electricity generation for 2013. The growth rate is based on the weighted average actual change in total generation for the following countries (which together account for twothirds of global generation in 2012): United States (+0.26% net generation), EU-28 (-4.73% gross generation), Russia (-0.85%), India (+4.70%), China (+7.50%), and Brazil (+2.58%). Sources for 2011 and 2012 electricity generation are: EIA, Monthly Energy Review, April 2014, Table 7.2a (Electricity Net Generation); European Commission, Eurostat database, http://epp.eurostat. ec.europa.eu; System Operator of the Unified Power System of Russia, http://www.so-ups.ru; Government of India, Ministry of Power, Central Electricity Authority (CEA), “Monthly Generation Report,” http://www.cea.nic.in/monthly_gen.html; China Electricity Council (CEC), ”CEC Released the Country’s Electricity Supply and Demand Analysis and Forecasting 2014 Annual Report,” 25 February 2014, http://www.cec.org.cn/guihuayutongji/ gongxufenxi/dianligongxufenxi/2014-02-25/117272.html (using Google Translate); National Operator of the Electrical System of Brazil (ONS), http://www.ons.org.br/historico/geracao_energia. aspx. Hydropower generation in 2013 is estimated at 3,775 TWh, based on input from IHA, op. cit. note 1, from IEA, Medium-Term Renewable Energy Market Report 2014, op. cit. note 1;,and from a projection based on 2012 hydropower output of 3,673 TWh from BP, op. cit. note 1, as well as observed weighted average year-on-year change in output (+2.8%) for top producing countries (China, Brazil, Canada, the United States, EU-27, Russia, India, and Norway), which together accounted for over 70% of global hydropower output: United States (-2.6% in annual output), Canada (+3.0%), EU-27 (+12.2% for January through September), Norway (-8.1%), Brazil (-6.0%), Russia (+12.7%), India (+13.2%) for facilities larger than 25 MW), and China (+4.7%). The combined hydropower output of these countries was up by about 2.8% relative to 2012. Hydropower generation by country: United States from EIA, op. cit. this note; Canada from Statistics Canada, http://www5.statcan. gc.ca; EU-27 from European Commission, op. cit. this note; Norway from Statistics Norway, http://www.ssb.no; Brazil from ONS, op. cit. this note; System Operator of the Unified Power System of Russia, op. cit. this note; Government of India, op. cit. this note; CEC, op. cit. this note. Non-hydro renewable generation of 1,311 TWh was based on 2013 year-end generating capacities shown in Reference Table R1 and representative capacity factors in Endnote 1, or other specific estimates as detailed by technology in Section 2. Figure 3 based on sources in this endnote. 40 Denmark met 33.2% of electricity demand with wind power, based on 11.1 billion kWh of wind power generation in 2013 and 33.5 billion kWh of total electricity consumption, from Carsten Vittrup, “2013 Was a Record-Setting Year for Danish Wind Power,” Energinet.DK, 15 January 2014, http://www.energinet.dk/EN/ El/Nyheder/Sider/2013-var-et-rekordaar-for-dansk-vindkraft. aspx; Spain from REE, per Asociación Empresarial Eólica (AEE), “Spain Was in 2013 the First Country Where Wind Energy Was the First Source of Electricity for an Entire Year,” press release (Madrid: 15 January 2014), http://www.aeeolica.org/en/new/ spain-was-in-2013-the-first-country-where-wind-energy-was-thefirst-source-of-electricity-for-an-entire-year/; Italy from IEA-PVPS, op. cit. note 1. Other countries meeting large shares included Australia; wind met 38% of South Australia’s power demand and 8% of national demand during August 2013, from Clean Energy Council, “August Windy Enough to Light Up 155,000 Homes,” 4 September 2013, http://www.cleanenergycouncil.org.au/mediacentre/media-releases/september-2013/130904-windy-august. html; Portugal occasionally reaches 90% of electricity from wind power, from Steve Sawyer, GWEC, personal communication with REN21, 14 April 2014; Michael Goggin, “US Wind Energy Output Breaks Records,” Renewable Energy World, 4 April 2014, http:// www.renewableenergyworld.com/rea/news/article/2014/04/ us-wind-energy-output-breaks-records; RenewableUK, “Record Breaking Month for Wind Energy,” press release (London: 2 January 2014), http://www.renewableuk.com/en/news/press-releases. cfm/2014-01-02-record-breaking-month-for-wind-energy; Note that renewable energy provided 70% of Portugal’s electricity supply for the first quarter of 2013; hydropower and wind power were the largest contributors, with hydro providing 37% and wind 27%, from Peter Bronski, “Is a High Renewables Future Really Possible? Part 2,” RMI Outlet, 23 May 2013, http://blog.rmi.org/ blog_05_23_2013_is_a_high_renewables_energy_really_



possible_part_two. 41 Orkutölur 2013, Orkustofnun (Energy Statistics in Iceland 2013) (Reykjavik: April 2014), http://www.os.is/gogn/os-onnur-rit/ orkutolur_2013-islenska.pdf; BP, “Renewables in this Review,” http://www.bp.com/en/global/corporate/about-bp/energyeconomics/statistical-review-of-world-energy-2013/review-byenergy-type/renewable-energy/renewables-in-this-review.html, viewed 11 May 2014. 42 IEA, Medium-Term Renewable Energy Market Report 2013, op. cit. note 1, Executive Summary, p. 5; Jason Channell, Timothy Lam, and Shahriar Pourreza, Shale & Renewables: A Symbiotic Relationship (London: Citi Research, September 2012); BNEF, “Australia LCOE Update: Wind Cheaper than Coal and Gas,” Asia & Oceania Clean Energy Research Note, 31 January 2013; Sourabh Sen, “Assessing Risk and Cost in India: Solar’s Trajectory Compared to Coal,” Renewable Energy World, 17 April 2013, http://www. renewableenergyworld.com/rea/news/article/2013/04/risk-andcost-solars-trajectory-compared-to-coal; Sarasin, Working Towards a Cleaner and Smarter Power Supply: Prospects for Renewables in the Energy Revolution (Basel, Switzerland: December 2012), p. 9; Bridge to India, India Solar Compass, April 2013, p. 26; IRENA, Renewable Power Generation Costs in 2012: An Overview (Abu Dhabi: January 2013), http://costing.irena.org/media/2769/ Overview_Renewable-Power-Generation-Costs-in-2012.pdf; IEA, Tracking Clean Energy Progress 2013 (Paris: OECD/IEA, 2013), http://www.iea.org/publications/tcep_web.pdf. Note that offshore wind levelised costs increased between the second quarter of 2009 and the first quarter of 2013, as project developers moved farther from shore and into deeper waters, and some CSP and geothermal power technologies also saw cost increases during this period, from FS–UNEP Centre and BNEF, op. cit. note 38. Other renewables are becoming cost competitive in several west African countries, including Burkina Faso, Liberia, and The Gambia, per Quansah, op. cit. note 18. 43 FS-UNEP Centre and BNEF, op. cit. note 16, pp. 36–37. According to BNEF, conventional generation sources general saw per MWh costs increase over the period from early 2009 to early 2014, with the exception of gas-fired generation in the United States, and capital costs for coal- and gas-fired and nuclear power plants has generally increased as well, reflecting materials and labour costs. 44 Latin America, Africa, and the Middle East without any subsidy support from ibid., pp. 36–37, 41–43; many renewables are already competitive relative to new fossil fuel plants, and wind and solar PV have reached or are approaching competitiveness without generation-based incentives in a number of markets, per IEA, Medium-Term Renewable Energy Market Report 2013, op. cit. note 1, p. 5; Steve Sawyer, GWEC, personal communication with REN21, 15 January 2014. 45 Ernesto Macías Galán, Alliance for Rural Electrification (ARE), personal communication with REN21, 15 January 2014; Sven Teske, Greenpeace International, personal communication with REN21, 13 January 2014; Clint Wilder, “2014: The Maturation of Clean Tech,” Renewable Energy World, 13 January 2014, http:// www.renewableenergyworld.com/rea/news/article/2014/01/2014the-maturation-of-clean-tech; Giles Parkinson, “Australian utilities erect barricades in bid to halt solar storm,” Renew Economy, 23 October 2013, http://reneweconomy.com.au/2013/ australian-utilities-erect-barricades-in-bid-to-halt-solarstorm-91715; Europe from Rainer Hinrichs-Rahlwes, BEE, personal communication with REN21, 12 January 2014; Marc Gunther, “With Rooftop Solar on Rise, U.S. Utilities Are Striking Back,” Yale Environment360, 3 September 2013, http://e360.yale.edu/feature/ with_rooftop_solar_on_rise_us_utilities_are_striking_back/2687/.
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total of 213.6 GW of global power capacity added from all sources in 2013 (see Endnote 36 for details).



46 See, for example, Mark Osborne, “Hareon Solar Teaming with Shanghai Electric Power on 800 MW of PV Projects,” PV tech, 13 March 2014, http://www.pv-tech.org/news/hareon_solar_teaming_ with_shanghai_electric_power_on_800mw_of_pv_projects; “How to lose half a trillion euros,” The Economist, October 2013, http:// www.economist.com/news/briefing/21587782-europes-electricityproviders-face-existential-threat-how-lose-half-trillion-euros; Gunther, op. cit. note 45; Ron Pernick, Clint Wilder, and James Belcher, Clean Energy Trends 2014, March 2014, p. 10, http:// cleanedge.com/reports/Clean-Energy-Trends-2014. 47 Rankings were determined by gathering data for the world’s top countries for hydropower, wind, solar PV, CSP, biomass, and geothermal power capacity. China based on 260 GW hydropower (not including pure pumped storage capacity) from CEC, op. cit. note 39; 91,412 MW installed by the end of 2013, from Chinese Wind Energy Association (CWEA), provided by Shi Pengfei,
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ENDNOTES 01 GLOBAL OVERVIEW CWEA, personal communication with REN21, 14 March 2014, and from GWEC, op. cit. note 1; almost 20 GW of solar PV based on data from China National Energy Administration, provided by Masson, op. cit. note 1, from EPIA, Global Market Outlook for Photovoltaics 2014-2018, op. cit. note 1, and from Masson, op. cit. note 1; 6.2 GW of bio-power (excluding 2.3 GW of incineration) from China National Renewable Energy Centre, “CNREC 2013 Activities within China National Renewable Energy Centre” (Beijing: March 2014); 26.6 MW geothermal from GEA, op. cit. note 5, and from CNREC, op. cit. this note; 10 MW of CSP from Geng Dan, “Review and Outlook on China Renewable Energy,” presentation for REvision2014: Global Energy Turnarounds and Japan’s Path, Tokyo, 25 February 2014, http://jref.or.jp/en/ images/pdf/20140225/Geng_Dan_REvision2014_Session1_2. pdf; also from Luis Crespo, ESTELA, personal communication with REN21, February 2014; and small amounts of ocean energy capacity. United States based on 78.4 GW hydropower from 2012 capacity from EIA, Electric Power Annual, Table 4.3 Existing Capacity by Energy Source, http://www.eia.gov/electricity/annual/ html/epa_04_03.html; projected net additions in 2013 of 201 MW from idem, Table 4.5 Planned Generating Capacity Changes by Energy Source, 2013-2017, http://www.eia.gov/electricity/ annual/html/epa_04_05.html; 61,110 MW of wind from American Wind Energy Association (AWEA), “U.S. Capacity & Generation,” in U.S. Wind Industry Annual Market Report 2013 (Washington, DC: 10 April 2014), http://www.awea.org/AnnualMarketReport. aspx?ItemNumber=6305&RDtoken=35392&userID=; 12.1 GW of solar PV from GTM Research and U.S. Solar Energy Industries Association (SEIA), U.S. Solar Market Insight Report: 2013 Year-in Review (Washington, DC: 2014), Executive Summary, http:// www.seia.org/research-resources/solar-market-insight-report2013-year-review; 15.8 GW bio-power from U.S. Federal Energy Regulatory Commission (FERC), Office of Energy Projects Energy Infrastructure Update for December 2013, https://www.ferc.gov/ legal/staff-reports/2013/dec-energy-infrastructure.pdf; 3,442 MW of geothermal power from GEA, op. cit. this note; 882 MW of CSP from Morse, op. cit. note 5; “CSP World Map,” op. cit. note 5; “CSP Today Global Tracker,” op. cit. note 5; SEIA, “Solar Energy Facts: 2013 Year in Review,” 5 March 2014, http://www.seia. org/sites/default/files/YIR%202013%20SMI%20Fact%20Sheet. pdf; SEIA, “Major Solar Projects in the United States: Operating, Under Construction, or Under Development,” 6 March 2014, http://www.seia.org/sites/default/files/resources/Major%20 Solar%20Projects%20List%203.6.14.pdf; “NextEra dedicates 250 MW Genesis CSP Plant,” Solar Server, 25 April 2014, http:// www.solarserver.com/solar-magazine/solar-news/current/2014/ kw17/nextera-dedicates-250-mw-genesis-csp-plant.html; Abengoa Solar, “Mojave Solar Project,” http://www.abengoasolar. com/web/en/nuestras_plantas/plantas_en_construccion/ estados_unidos/; “NextEra dedicates 250 MW Genesis CSP plant,” SolarServer, http://www.solarserver.com/solar-magazine/solarnews/current/2014/kw17/nextera-dedicates-250-mw-genesiscsp-plant.html; U.S. National Renewable Energy Laboratory (NREL), “Concentrating Solar Power Projects: Solana Generating Station,” 17 March 2014, http://www.nrel.gov/csp/solarpaces/ project_detail.cfm/projectID=23. Brazil based on 85.7 GW of hydropower from National Agency for Electrical Energy (ANEEL), “Fiscalização dos serviços de geração,” February 2013, http:// www.aneel.gov.br/area.cfm?idArea=37; 80 MW of solar PV from “20131106_PVcapacity_2009-2012,” unpublished database provided by Christopher Werner, Hanergy, personal communication with REN21, 15 October 2013; 11,423 MW of bio-power from ANEEL, 2013, provided by Maria Beatriz Monteiro, CENBIO, personal communication with REN21, 16 April 2014; 3,456 MW of wind from GWEC, op. cit. note 5; Francine Martins Pisni, Associação Brasileira de Energia Eólica (ABEEólica), communication with REN21 via Suani Coelho, CENBIO, 29 April 2014. Canada based on 76.2 GW of hydropower from the following: Canadian Hydropower Association, communication with REN21, February 2014, and Hydropower Equipment Association (HEA) data based on its members’ aggregated input, personal communication with REN21, April 2014; also on 7,803 MW wind from Canadian Wind Energy Association (CanWEA), “Installed Capacity,” http://canwea.ca/ wind-energy/installed-capacity/, viewed 11 April 2014, and GWEC, op. cit. note 1; 1,284 MW solar PV from IEA-PVPS, op. cit. note 1; 2.5 GW of bio-power from Canadian Industrial Energy End-Use Data and Analysis Centre, Simon Fraser University, provided by Farid Bensebaa, National Resource Council Canada, personal communication with REN21, 12 May 2014; 20 MW of ocean from IEA Implementing Agreement on Ocean Energy Systems (IEA-OES), “Ocean Energy in the World,” http://www.ocean-energy-systems. org/ocean_energy_in_the_world/, and from IEA-OES, Annual
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Report 2012 (Lisbon: 2012), Table 6.1, http://www.ocean-energysystems.org/oes_reports/annual_reports/. Germany based on 5.6 GW of hydropower, 35.9 GW of solar PV, 34.7 GW total installed wind capacity, and 8.1 GW of bio-power from Arbeitsgruppe Erneuerbare Energien-Statistik (AGEE-Stat), Erneuerbare Energien im Jahr 2013 (Berlin: Bundesministerium für Wirtschaft und Energie (BMWi), 2014), http://www.bmwi.de/BMWi/Redaktion/PDF/A/agee-statbericht-ee-2013,property=pdf,bereich=bmwi2012,sprache=de,rw b=true.pdf; 28.5 MW geothermal power from GEA, op. cit. this note. 48 China share based on data and references provided elsewhere in this section; 260 GW of hydropower from CEC, “CEC Publishes the Demand/Supply Analysis and Forecast of China Power Industry 2014,” 19 March 2014, http://english.cec.org.cn/No.105.1534.htm. 49 China, United States, and Germany from Endnote 47, all references. Spain based on 17.1 GW of hydropower from REE, op. cit. note 5, updated March 2014; 22,959 GW of wind from GWEC, op. cit. note 1; 5,566 MW solar PV from IEA-PVPS, op. cit. note 1; 981 MW bio-power, and 2,300 MW CSP from REE, op. cit. note 5, updated March 2014. Italy based on 18.2 GW hydropower from Gestore Servizi Energetici (GSE), “Impianti a fonti rinnovaili in Italia: Prima stima 2012,” 28 February 2013, and no additions identified for 2013; 4 GW of bio-power is preliminary data from GSE, provided by Noemi Magnanini, GSE, personal communication with REN21, 16 May 2014; 8,551 MW of wind from EWEA, op. cit. note 36; 17,600 MW of solar PV from IEA-PVPS, op. cit. note 1; 900 MW of geothermal power from GEA, op. cit. note 5; and 5 MW (demonstration) of CSP from Crespo, op. cit. note 5. India based on 43.7 GW of hydropower from CEA, “Installed capacity as of 31 December 2013,” http://www.cea.nic.in/reports/monthly/ inst_capacity/dec13.pdf, and idem, “List of H.E. Stations in the Country with Station Capacity Above 25 MW,” http://www.cea. nic.in/reports/hydro/list_he__stations.pdf; capacity additions in 2013 (>25 MW) of 554 MW from CEA, “Executive Summary of the Power Sector (monthly),” http://www.cea.nic.in/exesum_cood. html; installed capacity in 2013 (25 MW) capacity of 39,893.4 MW in 2013 from CEA, “List of H.E. Stations in the Country with Station Capacity Above 25 MW,” op. cit. note 3; 2013 capacity additions (>25 MW) of 554 MW from CEA, “Executive Summary of the Power Sector (monthly),” op. cit. note 3; 2013 capacity of small hydropower facilities of 3,763.15 MW from MNRE, “Physical Progress (Achievements),” op. cit. note 3; 2013 capacity additions ( 
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