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Executive summary Objective The object of this study is to examine the impact of changes in primary NO2 emissions from road vehicles on current and future ambient NO2 concentrations in EU Member States within the context of the achievability of the 2010 ambient air quality limit values for NO2. Background Two air quality limit values have been established for NO2 (nitrogen dioxide) in ambient air. The first is an annual value of 40 μg m-3 and the second is an hourly value of 200 μg m-3 with 18 permitted exceedences each year. These limits will enter in force on 1 January 2010 and will apply everywhere including roadside locations. Thermal combustion processes emit a mixture of nitrogen oxides (NOX) in the form of NO (nitric oxide) and NO2. European legislative standards have set limits for the tail-pipe emissions of NOX from road vehicles (Euro standards). In most ambient locations the majority of NO2 present in air is formed by oxidation of emitted NO which generally has been viewed as the dominant component of emitted NOX. However, the proportion of NOX emitted from road vehicles directly as NO2 (f-NO2, often expressed as a percentage) can have a significant impact on ambient NO2 concentrations, particularly at the roadside, close to the point of emission. Diesel vehicles generally emit more NO2 than petrol vehicles. Recently, there has been pressure to fit diesel vehicles with exhaust after treatment technology, such as particulate traps and oxidation catalysts in order to meet the emission limits for particulate matter and other air pollutants. In conjunction with an increase in the proportion of diesel-engine vehicles in national fleets this has resulted in an increase in the fraction of NOX emitted as primary NO2. Thus, there is increasing concern that Member States may experience difficulty complying with the annual mean limit value for NO2 of 40 μg m-3. Recent trends in f-NO2 Measurements of the f-NO2 from different road vehicles have not been undertaken within this study but relevant information has been summarised. From the data reviewed, it is clear that the previously accepted assumption of a 5% f-NO2 rate is a systematic underestimate for diesel vehicles. Furthermore, the data strongly indicates that no single value of f-NO2 is appropriate for all vehicle types. Rather, it is dependent on: • • • •



Vehicle type (passenger car, heavy goods vehicle, bus etc) Emission standard Any exhaust after treatment fitted The average speed of the drive cycle



The data for petrol fuelled vehicles shows f-NO2 has remained around 3 – 4% for all technologies and emissions standards. For older diesel vehicles f-NO2 is around 11%. However, this value changes with changes in vehicle technology. In particular oxidation catalysts, either used alone or on the engine side of particulate traps, lead to f-NO2 increasing to around 30%. NOX reduction technologies, whilst leading to a reduction in NOX, typically of between 30 and 50%, also lead to an increase in fNO2, with ratios up to 60% being observed for some new passenger car technologies. However, for heavy-duty vehicles the introduction of selective catalytic reduction (which is the technology favoured by the majority of engine manufacturers to meet Euro IV emission standards) appears to reduce NOX and NO2 emissions with f-NO2 having been measured around 5% to 10 % albeit for a small number of vehicles. An understanding of the recent trends in vehicular f-NO2 emissions in Europe is best obtained from a combined examination of ambient monitoring data from individual monitoring sites and the compilation of emission inventories. This is the approach we have adopted, which enables a comparison to be made of these independent estimates of primary NO2 emissions. This approach also provides us with the tools to make predictions of ambient NO2 concentrations in future years.



AEA Energy & Environment



iii



AEA/ENV/R/2440 Issue 2 An examination of recent trends in the ratio of ambient NO2 and NOX concentrations at roadside locations does not provide us with a clear picture of the change in f-NO2 directly. This is because NOX emissions and thus ambient NOX concentrations have generally declined as a result of the Euro standards and this leads to an increase in the ratio of ambient NO2 to NOX concentrations, due to a shift in the equilibrium between ozone, NO and NO2 concentrations. Thus, a model is required to distinguish between these influences and those arising from changes in f-NO2. In this study we have used the Netcen Primary NO2 model for this purpose. Ten case study locations (listed in Table E1) were chosen for detailed analysis in this study. These locations were chosen to provide a reasonable geographical coverage of the EU with an emphasis on locations with the highest roadside NO2 concentrations. Estimates of f-NO2 for recent years have been calculated for selected monitoring sites in each location using the Netcen Primary NO2 model. Estimates of average national and national urban values of f-NO2 have also been calculated using data on fleet characteristics and NOX emission factors within the TREMOVE model and a summary of emission factors for primary NO2 from different vehicle classes, Euro standards and technologies compiled for this study. Table E1 Details of case study countries and cities Country



City (if applicable)



Austria



Salzberg/Hallein



Czech Republic



Prague



Finland



-



France



Paris



Germany



Baden Wűrttemberg



Greece



Athens



Italy



Milan



Netherlands



-



Spain



Barcelona



UK



London



The results of the analysis of recent trends in f-NO2 show that f-NO2 has increased over the past five to ten years in the majority of countries considered here. The emissions results and the results of the Netcen Primary NO2 modelling indicate that the rate of increase in f-NO2 has generally increased since 2000 compared with the rate of increase in f-NO2 between 1995 and 2000. A comparison of the local scale Netcen Primary NO2 model results and the national scale emissions results show that local factors (e.g. characteristics of individual roads) can have a significant impact on the f-NO2. Evidence for this can be seen in the scatter of f-NO2 modelling results for different roads within a single case study area. Additionally, regional factors can impact on f-NO2. For example both in Baden Wűrttemberg and London, a greater number of buses have been fitted with particulate traps than the national average and these local differences from the national average in terms of vehicle fleets may have caused f-NO2 to be above the average as calculated using national scale emissions analysis. The comparison of f-NO2 estimates are summarised in Table E2. This table presents both the emission inventory based estimates of f-NO2 for urban areas for the baseline scenario and the range of f-NO2 estimates derived from monitoring data (see Table E3. for details of the emissions scenarios used in this report). The reason for showing a range rather than an average value is we have only considered 4-6 roadside monitoring sites within each case study area. Therefore, while these sites do represent a range of local conditions, they are not necessarily representative of a wide area.
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Table E2. Summary of f-NO2 (percent) for each member state derived from both ambient measurements and emission inventory calculations (baseline scenario) Country Method



2000



2001



2002



2003



2004



2005



Austria



Measurements



5.9 - 7.2



4.5 - 8.1



5.8 - 9.4



5.3 - 7.9



7.2 - 12.3



-



Emissions



7.3



Czech Republic



Measurements



4.3 - 9.1



4 - 9.9



2.9 - 8.9



4.9 - 9.8



1.5 - 11



Emissions



6.3



Finland



Measurements



-



-



-



-



-



Emissions



5.9



France Germany Greece Italy



Measurements



5.2 - 8.9



Emissions



6.9



Measurements



8.5 - 12.5



Emissions



6.0



Measurements



-



Emissions



6.9



Measurements



4.7 - 4.7



Emissions Netherland Measurements s Emissions Spain Measurements UK



11.1



6 - 8.6



10.1 - 14.6 12.6 - 17.8 15 - 19.9 -



-



-



4-4



5.9 - 5.9



7-7



6.5 2.6 - 18.2



8.5 - 12.4



8.3 - 12.5



10.8 - 13.3 -



8.5 - 17.2



7.9 - 10.1



14.4 - 15.6 -



8.9 - 16.7



12.7 - 19.4 12.3 - 22.1 12.9 - 24



8.6



Emissions



5.9



10.5 4.6 - 15.3



15.1



20.3



19.6



10.2



18.5



23.2



25.9



36.1



40.7



19.3



27.8



31.1



6.9



7.3



7.6



14.5



21.1



24.9



17.3



27.0



27.3



18.7



27.5



32.9



21.0



31.8



35.6



17.4 - 17.4 8.8



7.3 - 9.1



31.8



7.3



13.2 - 19.2 6.3 - 19.5



Emissions



-



29.1



13.6 - 21.3 10.1



5.6



Measurements



9.9 - 21.5



20.0



9.4 - 13.8 13.9



6.4 5 - 9.4



9.1 - 12.4



2020



7.1



7 - 9.1



2015



9.8



5.8 - 11.3



2010



10.2



Baseline emissions projections and air quality Estimates of f-NO2 have also been calculated using an enhanced version of the TREMOVE emission inventory for 2010, 2015 and 2020. The Netcen Primary NO2 model has then been used to predict ambient NO2 concentrations at the monitoring sites in the case study areas. The baseline projections of road transport emissions take into account the recently agreed Euro 5 and 6 regulations for light duty vehicles and the Euro V stage of emissions control for heavy duty vehicles. They do not include any assumptions about a possible Euro VI for HDVs. NOX emissions are generally predicted to decrease steeply from 2005 to 2020. This trend is apparent in both urban and national scale emissions. f-NO2 is generally predicted to increase steeply from 2005-2015. Thus urban NO2 emissions are predicted to increase from 2000 to 2010 in contrast to the decline in NOX emissions. Urban NO2 emissions are then predicted to flatten off to 2015 and then decline to roughly equivalent 2005 values in 2020 for the baseline. By 2020 the decrease in NOX emissions is sufficient to offset the increase in f-NO2. Baseline annual mean NO2 concentrations are predicted to decline between 2005 and 2020 at most of the case study locations. At many of the sites considered the annual mean NO2 limit value is expected to be exceeded in 2010. At a significant number of these sites the annual mean concentration is expected to remain above the limit value until 2020 and beyond. Little or no decline is predicted between 2005 and 2010 at the case study sites in the Czech Republic and Spain, presumably due to a combination of relatively modest decreases in NOX emissions from traffic and an increase in f-NO2 at these locations. An increase in annual mean NO2 concentration between 2005 and 2010 is predicted at the case study sites in France, due to the high roadside NOX concentrations at these sites and high predicted f-NO2 in 2010. In all other locations the predicted increase in f-NO2 is not large enough to offset the decrease in NOX emissions.
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AEA/ENV/R/2440 Issue 2 A range of sensitivity analyses have also been carried out for the baseline predictions of annual mean NO2 concentrations. These include: • •



Projections for 2010, 2015 and 2020 calculated without taking changes in f-NO2 into account, tend to under predict concentrations in the future. This has the greatest impact at roadside locations with the highest NOX concentrations. Projections for 2010, 2015 and 2020 calculated with different assumptions made about changes in regional oxidant into the future. The magnitude of the impact on annual mean NO2 concentrations is generally smaller than the impact of changing f-NO2, particularly at sites with the highest measured concentrations.



Scenarios Ambient NO2 concentrations have been predicted in 2010, 2015 and 2020 for four scenarios in addition to the baseline. These scenarios have been used to examine the impact of different options for future emission limits and exhaust after treatment technologies on estimates of ambient NO2 concentrations. The scenario assumptions are listed in Table E3. Table E3. Summary of NOX emissions and f-NO2 scenarios Scenario



Description



baseline



NOX projections include the impact of Euro 5 and Euro 6 Light Duty Vehicles (LDV). Baseline fNO2 NOX projections include the impact of Euro 5 and Euro 6 (LDV). More pessimistic f-NO2 for Heavy Duty Vehicles (HDV) than the baseline NOX projections include the impact of Euro 5, Euro 6 (LDV) and an estimate for Euro VI (HDV) based on US standards. More optimistic f-NO2 for HDV than the baseline NOX projections include the impact of Euro 5 and Euro 6 (LDV). More optimistic f-NO2 for LDV at Euro 6 than the baseline (scenario 3 Euro 6 LDV f-NO2 of 10% rather than 55% for the baseline) NOX projections include the impact of Euro 5, Euro 6 (LDV) and an estimate for Euro VI (HDV). Same f-NO2 and NOx control assumption for HDV as scenario 2 and more optimistic f-NO2 for LDV than scenario 3



scenario 1 scenario 2 scenario 3 scenario 4



Figure E1 summarises the emission projections for the different scenarios in terms of total NOX and NO2 emissions and average f-NO2 across the ten member states considered. NOX emissions decline steeply to 2020 and are lowest for scenarios 2 and 4 in 2020. f-NO2 is predicted to increase steeply from 2005 to 2015 and then starting to decline for scenarios 3 and 4. As a result, NO2 emissions are predicted to increase from 2000 to 2010 in contrast to the decline in NOX emissions. For the baseline and scenarios 1 and 2, NO2 emissions are then predicted to flatten off to 2015 and then decline to roughly equivalent to 2005 values in 2020. By 2020 the decease in NOX emissions is sufficient to offset the increase in f-NO2. NO2 emissions are projected to decrease more steeply to 2020 to values below 2000 emissions if there were lower emissions of primary NO2 from light duty vehicles (scenario 3) combined with new standards for heavy duty vehicles (scenario 4).
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Figure E1 Graphs summarising urban road traffic NOx and NO2 emissions summed across the ten member states considered along with average urban f-NO2 for the different emission projection scenarios a) NOX emissions (ktonnes per year)
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The predictions of annual mean NO2 concentration are found to be most sensitive to the scenario assumptions at the sites with the highest NOX concentrations. As expected the predicted NO2 concentrations for scenario 1 are higher than the baseline since f-NO2 for heavy duty vehicles is assumed to be higher than the baseline. The predictions for scenarios 2 and 3 are similar being lower generally than the baseline but with some site to site variation. Thus the impact of the reductions in NOX and f-NO2 for heavy duty vehicles in scenario 2 result in roughly equivalent ambient NO2 concentrations to the impact of the reduction in f-NO2 for light duty vehicles assumed for scenario 3. The lowest ambient NO2 predictions were obtained for scenario 4, which incorporates the reduction in NOX emissions and f-NO2 for heavy duty vehicles from scenario 2 with an additional reduction in f-NO2 for light duty vehicles relative to that assumed in scenario 3 (6% f-NO2 for Euro 6 cars and Euro 5 and 6 vans, compared with 10% assumed in scenario 3 and 55% in the baseline).
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Typical Impact of Changes in the Annual Mean NO2 as a Result of Changes in f-NO2 The site-specific results from the Netcen Primary NO2 model have been analysed further with a view to drawing some general conclusions regarding the likely impact of future changes in primary NO2 emissions on the achievability of the annual mean limit value of 40 μg m-3 at the roadside in Member States. We have approached this by calculating the difference (Delta NO2 1) between the site-specific predictions for the baseline and the sensitivity test in which f-NO2 has been fixed at 2005 values. Regression analysis has been used to derive the relationship between Delta NO2 1 and the baseline annual mean NO2 projections. The results of this analysis suggest that the changes in f-NO2 implied by the baseline will result in approximately an additional 2 μg m-3 annual mean NO2 at 40 μg m-3 and 4.5 – 7.5 μg m-3 at 60 μg m-3 at roadside locations in 2010. The impact is expected to be greater in 2015 and 2020 with an additional 4 μg m-3 at 40 μg m-3 and 7 – 11.5 μg m-3 at 60 μg m-3. In future work investigating f-NO2 the use of local scale emissions data in generating f-NO2 projections is recommended. There are local inventories available, for example the London Atmospheric Emissions Inventory (GLA, 2006), which contain data on local vehicle fleets, locally specific vehicle trip characteristics and road networks. This could be complemented with more comprehensive measurements of f-NO2 from specific vehicle types and emerging technologies. Concluding remarks The impact of primary NO2 emissions on ambient air quality is expected to be most pronounced at roadside locations with the highest NOX concentrations. A combination of emission inventory calculations and projections of ambient air quality suggest that the impact on ambient air quality will be greatest between 2005 and 2015. Changes in vehicle exhaust after treatment technology, particularly selective catalytic reduction, are expected to result in a decrease in the emissions of primary NO2 and an improvement in roadside air quality by 2020. The magnitude of primary NO2 emissions, NO2 concentrations and the extent of exceedence of the annual mean limit value in 2020 will be dependent on the exhaust limit values set, the technology adopted and the performance of the technology, as illustrated by our scenario calculation results. At many of the sites considered the annual mean NO2 limit value is predicted to be exceeded in 2010. At a significant number of these sites, the annual mean concentration is expected to remain above the limit value until 2020 or beyond even with new Euro VI standards to address the emissions from heavy duty vehicles.
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1



Introduction



1.1 Policy Context European legislative standards controlling the pollutants released in vehicle exhaust gases, such as Euro IV and the forthcoming Euro V for heavy duty vehicles (HDV) are intended to reduce the total emissions of NOX from vehicle exhausts without differentiating between NO and NO2 fractions. In contrast, the Framework Directive (Directive 96/62/EC) and First Daughter Directive (Directive 1999/30/EC) have been designed to control the concentrations specifically of NO2 in ambient air to which the public is exposed. Details of the limit values for NO2 specified in the First Daughter Directive are given by Table 1.1. These two different approaches to controlling oxides of nitrogen in air have resulted in a legislation gap whereby vehicle manufacturers have reduced NOX emissions in compliance with the Euro standards and other directives but this has not yielded a reciprocal reduction in NO2 levels in ambient air sufficient to meet limit values. Table 1.1. Limit values for NO2 specified in the First Daughter Directive. Averaging period



Limit Value



Yearly



40 μg m



Hourly



200 μg m (18 exceedences allowed per year)



-3 -3



Comes into force 01/01/2010 01/01/2010



To compound this, the proportion of direct NO2 emissions from vehicle exhausts may be rising as a result of changes in the composition of national vehicle fleets across Europe and the introduction of new exhaust technologies that have been introduced to meet the emission limits for various pollutants. For petrol-fuelled vehicles the proportion of NOX emitted directly as NO2 is less than 5%, whereas this proportion in diesel vehicles not fitted with new exhaust treatment technology is higher at around 1012%. The continuing increase in the proportion of diesel-engine vehicles in national fleets will therefore have a significant impact on the concentration of ambient NO2 levels, particularly at roadside environments. Furthermore, the pressure to fit diesel vehicles with after exhaust treatment technology such as particulate traps and oxidation catalysts is likely to further increase the proportion of NOX emitted as NO2. Some catalyst-based particulate filters achieve the catalytic action by oxidising a portion of the NO in the exhaust to NO2 in order to promote the oxidation of soot collected in the filter and so potentially emit a higher proportion of NOX as primary NO2. There are also other pressures besides advances in abatement technology and future exhaust standards to consider. The automotive industry’s pursuit of increased fuel economy using lean burn technology such as gasoline direct injection (GDI) produces a higher air to fuel ratio and more oxygen in the burnt mixture resulting in increased NOX from the tailpipe. As a result of these changes there is an increasing interest in the primary NO2 fraction (f-NO2), defined as the fraction of NOX emitted as NO2, from different types of vehicles (often presented as a percentage). More attention is now being placed on assessing the impact of these emission changes on ambient levels of NO2, particularly at roadside locations where human exposure can be significant. Both future changes in vehicle fleet emissions as current and future exhaust standards take force and changes in abatement technologies will have a significant impact on future ambient NO2 concentrations. It will therefore be necessary to use information on these changes to model future ambient NO2 concentrations at roadside locations. Although current concerns with the NO2 limit values mainly relate to compliance with the 2010 annual limit value, changes in the proportion of directly emitted NO2 could influence the relative stringency of the objectives. The 2010 annual limit value is generally considered to be the more stringent of the two NO2 limit values so the project is focussed on assessment of the annual limit value. However, this might not necessarily continue to be the case as primary NO2 increases so additional consideration is also given to the hourly limit value. An understanding of the recent trends in f-NO2 in vehicle emissions in Europe is best obtained from a combined examination of ambient monitoring data and the compilation of emission inventories. This is the approach we have adopted in this study as it enables a comparison to be made between these AEA Energy & Environment
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AEA/ENV/R/2440 Issue 2 independent estimates of primary NO2 emissions. This combined approach also provides us with the tools to make predictions of ambient NO2 concentrations in future years. An examination of recent trends in the ratio of ambient NO2 and NOX concentrations at roadside locations does not necessarily provide us with a clear picture of the change in f-NO2 directly. This is because NOX emissions and thus ambient NOX concentrations have generally declined as a result of the Euro standards and this leads to an increase in the ratio of ambient NO2 to NOX concentrations due to a shift in the equilibrium between ozone, NO and NO2 concentrations. As a result a model is required to distinguish these influences from changes in f-NO2. In this study we have used the Netcen Primary NO2 model as described below.



1.2 Report Structure The objective of this work is to assess how changes f-NO2, caused by changes in vehicle fleet composition and exhaust treatment technology, will impact on the compliance with the NO2 limit values set out in the First Daughter Directive which comes into force in 2010. To meet this objective, the report will be divided into two main sections. The first section will cover recent trends in f-NO2 including: • • • •



Analysis of ambient monitoring data (chapter 2) Modelling f-NO2 using the Netcen Primary NO2 model (chapter 3) Emissions based calculations of f-NO2 (both recent trends and future projections), largely based on Tremove (chapter 4) Comparison f-NO2 estimates for recent years calculated using the Netcen Primary NO2 model and f-NO2 from emissions analysis (chapter 5)



The second section will focus on the likely impact of changes in f-NO2 on future ambient NO2 concentrations. This will include the following: • • • • •



Calculating baseline projections of ambient NO2 concentrations with the Netcen Primary NO2 model using f-NO2 projections from chapter 4 (chapter 6) Sensitivity analysis on some of the key assumptions made in generating the baseline NO2 projections (chapter 7) Emissions scenario modelling (chapter 8) Extrapolation of the model results across the EU (chapter 9) An assessment of the achievability of the limit values set out in the First Daughter Directive as a result of changes in f-NO2. Chapter 10 will summarise our conclusions regarding this.



Table 1.2 summarises the model runs carried out as part of the assessment of future ambient NO2 levels. Predictions of future ambient NO2 concentrations are highly dependent on future Euro standards and the technology adopted to meet these standards. We have therefore examined a range of possible future scenarios including our best estimate of the impact of current legislative proposals and various different possible future emissions standards.
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Table 1.2. Summary of NOX emissions and f-NO2 scenarios included in the assessment of future ambient NO2 concentrations Scenario



Description



baseline



NOX projections include the impact of Euro 5 and Euro 6 on Light Duty Vehicles (LDV). Baseline fNO2 NOX projections include the impact of Euro 5 and Euro 6 (LDV). More pessimistic f-NO2 for HDV than the baseline NOX projections include the impact of Euro 5, Euro 6 (LDV) and an estimate for Euro VI (HDV) based on US standards. More optimistic f-NO2 for HDV than the baseline NOX projections include the impact of Euro 5 and Euro 6 (LDV). More optimistic f-NO2 for LDV at Euro 6 than the baseline NOX projections include the impact of Euro 5, Euro 6 (LDV) and an estimate for Euro VI (HDV). Same f-NO2 and NOx control assumption for HDV as scenario 2 and more optimistic f-NO2 for LDV than scenario 3



scenario 1 scenario 2 scenario 3 scenario 4



For the analysis outlined above, a case study approach has been adopted whereby ten locations from across the EU have been considered in detail. These locations have been selected to represent a range of different geographical conditions (including different ozone climates) and to reflect a range of the different vehicle fleet compositions found in the EU. Some consideration is then given to assessing the extent to which these results can be generalised across the EU as a whole. Further details of countries and cities considered are included in chapter 2.



1.3 Project Requirements There are four distinct tasks in this project. Details of these tasks and how they correspond to chapters in this report are given in Table 1.3. Task 1 is primarily concerned with understanding the current situation with regards to the proportion of NOX that is directly emitted as NO2 (f-NO2). This can either be expressed as a proportion or as a percentage. As part of understanding the current situation we have looked at recent trends in f-NO2 time series data over a 5-10 year period. Tasks 2, 3 and 4 are concerned with understanding how these and future changes in f-NO2 are likely to impact on future ambient NO2 concentrations. This involves using model projections to assess the likely compliance date for meeting the 2010 limit values for NO2. It also involves looking at the sensitivity of the model projections to changes in f-NO2 and the likely impact of new vehicle emissions standards on projected NO2 concentrations.



1.31.4



The Netcen Primary NO2 Model



Much of the analysis presented in this report relies upon the Netcen Primary NO2 model. A brief description of this model, including its three component modules, is given in Box 1.1. A fuller description of the model and its application to monitoring sites within the UK can be found in Abbott (2006).
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Corresponding report chapter



1A. Compile and review any publicly available information relating to measured emissions of nitrogen dioxide and total NOX from the various vehicle categories and age across the EU.



Chapter 4 includes details of a number of studies of NO2 emissions that have been used to help inform f-NO2 figures to be used in this project.



1B. Where possible, the contractor should use the information obtained to assess the evolution of Chapter 2 and 3 present ambient monitoring data and f-NO2 estimates generated using the Netcen absolute primary emissions of nitrogen dioxide and their proportion relative to total emissions of Primary NO2 model for sites from a number of representative locations across the EU. This data covers a 5-10 year period in the run up to 2004 and includes numbers for 2005 where this data has been nitrogen oxides from a range of vehicle types in the EU readily available. This data is local scale with concentrations and derived f-NO2 values representative of the specific roads for which modelling has been carried out. Chapter 4 presents emissions based estimates of f-NO2 for 10 countries. This data is national scale we have calculated average national f-NO2 values and average f-NO2 for urban areas in each of these countries. f-NO2 estimates have been calculated for 1995, 2000, 2005, 2010, 2015 and 2020. Chapter 5 compares these two alternative methods of calculating f-NO2 and draws some general conclusions about how f-NO2 trends have evolved. 2. Using emissions inventories (e.g. European, National or city), air quality monitoring information, air quality modelling or empirical assessments, assess the degree to which the annual average ambient air quality standard for nitrogen dioxide is likely to be exceeded in 2010 and 2015 within the EU.



Chapter 6 presents details of our baseline projections of ambient NO2 concentrations for 2010, 2015 and 2020 generated using the Netcen Primary NO2 model. This uses the base year ambient monitoring data from chapter 2 and f-NO2 projections from emissions data calculated in chapter 4. A comparison of the modelled concentrations and the limit values is also presented. The modelling provides local scale concentration estimates. Chapter 9 presents details of how we have attempted to generalise our local scale results across the wider EU area.



3. Assess the sensitivities of the conclusions reached under (2) above, to changes in the proportions of directly emitted nitrogen dioxide in vehicle exhausts.



Chapter 7 presents sensitivity analysis of our model projections for 2010, 2015 and 2020 including the impact of changing f-NO2.



4. Assess the extent and timeframe to which the predicted air quality exceedences would be reduced by new vehicle emissions standards for nitrogen oxide (NOX) emissions introduced after 2010 (for all vehicle types) as well as the implementation of measures on stationary combustion sources.



Chapter 8 presents modelled ambient NO2 concentrations for 2010, 2015 and 2020 for four emissions scenarios. Analysis of the impact of these scenarios on the likely timeframe for compliance with the limit values is also presented.



AEA Energy & Environment



4



AEA/ENV/R/2440 Issue 2



Box 1.1 The Netcen Primary NO2 Model The Netcen Primary NO2 Model is a one-dimensional model of the interaction between the primary NO2 ratio and NOX, NO2 and O3 concentrations at roadside locations. It has been developed and used within the UK Defra air quality research programme. It is a local scale model. This makes it appropriate for analysis of the primary NO2 ratio (f-NO2) and NO2 concentrations for compliance with limit values at roadside locations because it is computationally efficient at this scale and can pick up the local processes occurring better than a larger scale model could. Several relationships and assumptions under-pin the model. These include: • A background site can be chosen to be ‘paired’ with each roadside monitoring site such that the NOx, NO2 and O3 measured at the background site are representative of the background concentrations at the roadside site. • Total oxidant at roadside locations [Ox] = [O3] + [NO2]; • [Ox]1 - [Ox]0 = A ([NOx]1 – [NOx]0) + B* where A is the primary NO2 ratio, Ox is the total oxidant (1 is for roadside, 0 is for background) and B* represents the net effect of other reactions and deposition and excludes the background oxidant concentration. The model can be used in several different forms depending on what input data is available and what information is needed. Three separate modules have been developed for calculating the different parameters as described below: Module 1: The analysis module. This calculates the primary NO2 ratio for roadside monitoring sites using hourly NOX, NO2 and O3 measurements from this site and hourly NOX, NO2 and O3 measurements from its paired background site. The annual primary NO2 component is derived directly from the monitoring data by regressing the hourly roadside increment of oxidant (dependant variable) against the hourly roadside increment of NOX (independent variable). The annual f-NO2 is calculated as the gradient of the regression line. This is useful because primary NO2 emissions are difficult to measure directly and few measurement studies are available. Using this module of the model will enables us to analyse recent time series trends in the primary NO2 ratio. Module 2: The ozone module. The ozone concentration at the roadside is calculated using a onedimensional finite difference model of the chemistry and turbulent diffusion in the surface boundary layer. The primary NO2 ratio is then derived from the monitoring data by regression analysis. There are relatively few roadside monitoring sites across the EU where ozone is measured. This module has therefore been used in the analysis of recent time series data so that we are not limited to choosing roadside sites with ozone monitoring in attempting to select a representative sample of sites across Europe. This module is also used in projecting ozone concentrations into the future for use within the prediction module. Module 3: The prediction module. This module uses the one-dimensional finite difference model to calculate hourly NO2 and O3 concentrations at the monitoring site. This is used in modelling future concentrations. In order to run the model for future years, assumptions have to be made about the following parameters. These can be varied as part of the scenario modelling: • The primary NO2 ratio (e.g. does this remain constant from the base year, how much does it increase by?) • The met data (e.g. does base year met data apply in future years?) • How hourly background concentrations of NOX in the base year will change for future years (e.g. scaling by a factor to represent expressed changes in traffic and non-traffic NOX emissions) • How hourly background concentrations of NO2 in the base year will change for future years • How hourly background concentrations of total oxidant in the base year will change for future years • How hourly roadside concentrations of NOX in the base year will change for future years The prediction module of the model can be validated by running it for the base year. Comparison between measured and modelled concentrations can then be made. We have validated the prediction module for different sites by running it for the base year.



AEA Energy & Environment



5



AEA/ENV/R/2440 Issue 2



2



Ambient Monitoring Data



2.1 Case Study Locations Ten case study locations from across the EU were selected to be the focus of most of the analysis presented in this report. Table 2.1. presents details of these locations. Table 2.1. Details of case study countries and cities Country



City (if applicable)



Years considered in analysis of recent trends



Austria



Salzberg/Hallein



2000-2004



Czech Republic



Prague



2000-2004



Finland



-



2000-2004



France



Paris



1995-2005



Germany



Baden Wűrttemberg



1995-2005



Greece



Athens



2000-2004



Italy



Milan



2000-2004



Netherlands



-



2000-2004



Spain



Barcelona



2000-2005



UK



London



1995-2005



A variety of information sources were used to select the case study locations including: • •



2004 questionnaires submitted by each member state under the First Daughter Directive (CDR, 2006) NOX, NO2 and ozone monitoring data from Airbase (Airbase, 2006).



Additionally, consideration was given to ensuring that a reasonable coverage of the EU was achieved, including representing a range of ozone climates and both older and more recently joined member states. In Austria, the urban areas of Salzburg and neighbouring Hallein were selected because three sites within them exceeded the annual mean limit value and margin of tolerance for NO2 in 2004, with a maximum exceedence concentration of 58 μg m-3. Prague in the Czech Republic was selected as a case study so that this analysis would include a city from a member state that joined the EU in 2004. This is because it is likely that the more recently joined Member States will have significantly different car fleets to the rest of the EU. Prague specifically was selected because there was a site with a reported exceedence of the NO2 annual mean limit value at 76 μg m-3 in the 2004 questionnaire. Finland was chosen as a case study so that the Northern parts of the EU were represented. In Finland, no one city had sufficient monitoring to make it possible to focus on a single city. Therefore, the southern part of the country was selected as the case study area. For Germany, the region of Baden Wűrttemberg was chosen, which contains several urban areas including Stuttgart, Manheim, Karlsruhe and Freiberg. This was because this area contains several sites with high NO2 concentrations. Stuttgart also has buses fitted with catalyst based particulate filters (Lambrecht, 2006), which are likely to have high f-NO2. Additionally, other studies on f-NO2 have already been done in Baden Wűrttemberg using the Carslaw and Beavers (2005) modelling approach (Kessler et al, 2006). Comparison with this work therefore provides an opportunity to further validate the Netcen Primary NO2 model. Paris in France was selected as it has a lot of long running monitoring sites. France was considered to be of interest because it is thought that due to the early penetration of diesel vehicle into the French
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AEA/ENV/R/2440 Issue 2 vehicle fleet relative to other Member States, f-NO2 changes may have occurred earlier. For this reason, we have started the analysis in Paris in 1995 to look at a longer time series. A case study area encompassing part of the Netherlands was chosen because the Netherlands have expressed concerns regarding the 2010 deadline for meeting the NO2 limit value. In the Netherlands many of the cities are very close together and inter-linked, so it was decided to broaden the analysis to cover several of these urban areas. Three case study areas within the southern area of the EU were selected to demonstrate whether the model works in the ozone climate associated with this area and therefore to demonstrate the extent to which conclusions drawn in this report apply in the southern EU ozone climate. These areas are: • • •



Athens in Greece, Milan in Italy (selected as a case study because the 2004 questionnaire showed that many sites in this region of Italy exceeded the annual mean limit value and margin of tolerance in 2004) Barcelona in Spain (two sites exceeded the NO2 limit value and margin of tolerance in 2004).



London in the UK was selected because f-NO2 has been studied here (see AQEG, 2006) and eight sites have been reported in the 2004 questionnaire as exceeding the NO2 annual mean limit value and margin of tolerance. The worst offending site in 2004, London Marylebone Road, had an annual mean NO2 concentration of 110 μg m-3.



2.2 Monitoring Data Summary Statistics For the analyses of ambient monitoring data and the analyses using the Netcen Primary NO2 model, between four and six roadside sites have been selected for each case study area. Background site(s) have also been selected to represent background conditions for the case study area. Individual roadside sites have been ‘paired’ with a nearby background site, which is assumed to represent the non-roadside contribution at the roadside sites. Table 2.2 presents details of the complete list of sites used in this report. None of the sites listed here had closed at the time of writing. Where possible we have selected sites to focus on which have high measured annual mean NOX and NO2 concentrations. This is because these are the sites where it is most likely that changes in f-NO2 will cause exceedences of the limit values for NO2. Other considerations in selecting sites included data capture as model results for sites with low data capture will be less reliable than for sites with better data capture. Also sites have generally been selected that have long running data (e.g. >5 years) in order to get the clearest idea possible of trends in f-NO2. However, there are a few sites with very high annual mean NO2 concentrations that have only opened recently. Where this is the case, we have included these sites in the analysis as well. Because we have selected sites based on these criteria, it would be unrealistic to suggest that they will be representative of the entire case study city/country. However, they should provide a good understanding of changes in f-NO2 at some of the sites most likely to miss the 2010 limit values. It is important to look at trends in monitoring data early on in the analysis presented in this report because it is useful to understand as much as possible about the situation is at each monitoring site before modelling f-NO2. Graphs of annual mean concentrations for NO2, NOX and ozone for the case study sites for 2000-2005 (1995-2005 where applicable) are presented in Figure 2.1. NOX concentrations are quoted in μg m-3, as NO2 throughout this report. Low data capture is highlighted when less than 75%. Complete annual mean statistics including data capture are given in Appendix 1.



2.2.1



Austria



In the Austrian case study area (Figure 2.1a), four of the five sites considered annual mean concentrations of NOX showed a very slight upward trend between 2000 and 2003, before concentrations dipped in 2004. At the fifth site, AT0024A (Hallein Hagerkreuzung), this rise in NOX concentrations was steeper between 2000 and 2003 and continued in 2004. The highest NOX concentrations were found at AT0038A (Salzburg Rudolfspaltz) between 2000 and 2003 while by 2004, NOX concentrations at AT0024A had increased to the same level as AT0038A. NOX
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AEA/ENV/R/2440 Issue 2 concentrations at the roadside site AT0168A (Salzburg Mirabellplatz) were not significantly higher than at the background site AT0075A (Salzburg Lehen). NO2 concentrations for sites selected in Austria generally showed a steeper increase between 2000 and 2003 than for NOX, and similarly to NOX concentrations, there was a dip in 2004 at all sites except AT0024A where annual mean NO2 concentrations continued to rise. Two of the four sites exceeded the annual mean limit value for NO2 for all years considered. The remaining roadside sites showed a similar pattern in NO2 concentrations to the background site and none of these exceeded the limit value. Only one of the roadside sites, AT0168A and the background site AT0075A measured ozone between 2000 and 2004. There seems to be no significant over all trend in ozone, although the peak in 2003 caused by the summer heat wave that year is clearly evident in the time series at both sites.



2.2.2



Czech Republic



In Prague (Figure 2.1b), there was little overall change in annual mean NOX concentrations between 2000 and 2004 at the sites selected for which there are five years of data. However, within this fiveyear period, there was some inter-annual variability. All the roadside sites had noticeably higher NOX concentrations than the background site CZ0020A (Pha4-Libus). At CZ0066A (Pha2-Legerova), NOX concentrations were much greater than at the other sites in both 2003 and 2004, although the 2003 annual mean concentration only had 42% data capture. For NO2, at the roadside sites with five years of data, there was an upward trend between 2000 and 2003, which took NO2 concentrations significantly above the annual mean limit value by 2003. However, in 2004, NO2 concentrations at these sites dropped back down to near the annual mean limit value and lower than the limit value in the case of CZ0013A (Pha10-Vrsovice). At CZ0066A concentrations significantly above the annual mean limit value were recorded in both 2003 (low data capture) and 2004. NO2 concentrations at the background site were significantly lower than the roadside sites selected. Ozone at all sites where it was measured showed a similar overall trend, although the background site had significantly higher annual mean ozone concentrations than at roadside sites. Ozone between 2001 and 2004 showed an upward trend, with a peak in 2003 again due to the summer heat wave.



2.2.3



Finland



The sites selected for analysis in Finland (Figure 2.1c), show little overall trend in terms of annual mean NOX concentrations between 2000 and 2004: two sites remained constant across this period, one site showed a slight decrease in NOX concentrations and at two sites there was a slight increase. NO2 annual mean concentrations at all the monitoring sites selected for Finland show an upward trend between 2000 and 2004, with the exception of the roadside site FI0016A (Turun kauppatori) where concentrations have decreased. All sites were below the annual mean limit value for NO2. Ozone increased marginally between 2000 and 2004 at the one site at which it was measured.



2.2.4



France



In Paris (Figure 2.1d), annual mean NOX concentrations at all the roadside sites selected decreased between 1995 and 2005. Concentrations at the roadside sites were very high compared with other case study areas included in this report with the maximum annual mean NOX concentration in 1995 of 652.3μg m-3 at FR0895A (Boulevard périphérique Auteuil). By 2005, the annual mean NOX concentration at this site had decreased to 403.8μg m-3, which is still comparatively high. The high NOX concentrations here probably reflect the early uptake of diesel vehicles in France, which would have resulted in higher NOX emissions. Additionally, some of the monitoring sites are located next to very major roads (e.g. FR0895A is a kerbside site by Boulevard périphérique). NO2 concentrations at the selected sites in France again are high compared with other case studies, with annual mean concentrations at FR0895A in excess of 100μg m-3 in 2003 and 2004. Generally, for roadside sites there has been a slight upward trend in NO2 concentrations until 2003 after which, there is a slight decrease. A slight decrease in NO2 concentrations is evident at the background site FR0918A (PARIS 6ème) between 1995 and 2005. Ozone at the background site in Paris shows an upward trend between 1996 and 2005 (ignoring 1995 due to low data capture) corresponding to the reduction in background NOX and NO2.
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2.2.5



Germany



Figure 2.1e shows that for roadside sites in Baden Wűrttemberg, there was a significant decrease in NOX concentrations between 1995 and 2005. This decrease is not reflected in NO2 trends at all the roadside sites as measured annual mean NO2 concentrations went up at STS (Stuttgart Strassenstation) over this period and only decreased slightly at KAS (Karlsruhe Strassenstation). At background sites, annual mean NOX concentrations decreased marginally between 1995 and 2005 and annual mean NO2 concentrations were fairly constant. In terms of exceedences of the annual mean limit value for NO2, all the roadside sites selected for investigation exceeded 40μg m-3, with a maximum annual mean concentration of 80.3μg m-3 at STS in 2003. Only one background site, STZ (Stuttgart Zuffenhausen) has exceeded the limit value since 1999 with annual mean NO2 concentrations ranging between 40 and 50μg m-3 since 1996. Ozone, as measured at the background sites, shows a gradual increase between 1995 and 2005, with clear evidence of a peak in 2003.



2.2.6



Greece



Trends in Annual mean concentrations of NOX, NO2 and ozone in the Athens case study (Figure 2.1f ) are slightly less apparent than for some of the other case studies because several of the points plotted have low data capture ( 
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