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Note: 
This document provides draft notes on the provisional results of the two CAFE baseline 
scenarios that are based on the PRIMES energy projections, to inform the discussion of the 
CAFE Steering Group on May 17-18, 2004. Tables and Figures are contained in Part 2 of this 
document. 

Due to the complexity of the substance and the tight time table, it was not yet possible to 
incorporate all comments and data provided by national experts into the databases of the 
RAINS model, in particular information which was delivered after the deadlines. Thus, all 
results presented in this report have to be considered as provisional estimates, which need to 
be further validated with national experts.   
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1 Introduction 
 

In its Clean Air For Europe (CAFE) program, the European Commission will explore the 
necessity, scope and cost-effectiveness of further action to achieve the long-term 
environmental policy objectives for air quality of the European Union. A central step in this 
analysis is the assessment of the likely future baseline development of air quality as it can be 
expected to evolve from the envisaged evolution of anthropogenic activities taking into 
account the effects of the presently decided legislation on emission controls.  

This First Interim Report presents the initial results of such a baseline assessment. The 
analysis combines recent information on expected trends in energy consumption, transport, 
industrial and agricultural activities with validated databases describing the present structure 
and technical features of the various emissions sources in all 25 Member States of the 
European Union. It considers the penetration of already decided emission control legislation 
in the various Member States in the coming years and thereby outlines a likely range for the 
future emissions of air pollutants up to 2020. In a further step, the analysis sketches the 
resulting evolution of air quality in Europe and quantifies the consequences on the effects of 
air pollution on human health and vegetation using a range of indicators. 

This report presents the general assumptions and findings of the analysis conducted to date. It 
restricts itself to the presentation of aggregated results for two groups of countries, i.e., the 
EU-15 and the New Member States. Obviously, all calculations are carried out at a national 
level, and consequently all assumptions and results are available for each Member State of the 
European Union. It is, however, beyond the scope of this report to present this detailed 
information. Instead, the interested reader is invited to explore detailed results with the 
Internet version of the RAINS model, which can be freely accessed at 
http://www.iiasa.ac.at/web-apps/tap/RainsWeb/.  
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2 Methodology 

2.1 The RAINS model 

The analysis builds on the Regional Air Pollution Information and Simulation (RAINS) 
model, which describes the pathways of pollution from its anthropogenic driving forces to the 
various environmental impacts. In doing so, the model compiles for all European countries 
databases with the essential information on all aspects listed above and links this data in such 
a way that the implications of alternative assumptions on economic development and 
emission control strategies can be assessed. 

The RAINS model developed by the International Institute for Applied Systems Analysis 
(IIASA) combines information on economic and energy development, emission control 
potentials and costs, atmospheric dispersion characteristics and environmental sensitivities 
towards air pollution (Schöpp et al., 1999). The model addresses threats to human health 
posed by fine particulates and ground-level ozone as well as risk of ecosystems damage from 
acidification, excess nitrogen deposition (eutrophication) and exposure to elevated ambient 
levels of ozone. These air pollution related problems are considered in a multi-pollutant 
context (Figure 2.1), quantifying the contributions of sulphur dioxide (SO2), nitrogen oxides 
(NOx), ammonia (NH3), non-methane volatile organic compounds (VOC), and primary 
emissions of fine (PM2.5) and coarse (PM10-PM2.5) particles (Table 2.1). The RAINS model 
also includes estimates of emissions of relevant greenhouse gases such as carbon dioxide 
(CO2) and nitrous oxide (N2O). Work is progressing to include methane (CH4) as another 
direct greenhouse gas as well as carbon monoxide (CO) and black carbon (BC) into the model 
framework.  

Table 2.1: Multi-pollutant/multi-effect approach of the RAINS model 

 Primary PM SO2 NOx VOC NH3 

Health impacts:      
- PM √ √ √ √ √ 
- O3    √ √  
Vegetation impacts:      
- O3   √ √  
- Acidification  √ √  √ 
- Eutrophication   √  √ 
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Figure 2.1: Flow of information in the RAINS model 

 

A detailed description of the RAINS model, on-line access to certain model parts as well as 
all input data to the model can be found on the Internet (http://www.iiasa.ac.at/rains).  

The RAINS model and its scientific basis are presently being reviewed by a team of experts to 
judge the scientific credibility of the model approach. The review team is expected to present 
its finding in the course of 2004.  

2.2 Scenario analysis and optimisation 

The RAINS model framework makes it possible to estimate, for a given energy- and 
agricultural scenario, the costs and environmental effects of user-specified emission control 
policies (the “scenario analysis” mode), see Figure 2.2. Furthermore, an optimisation mode 
can be used to identify the cost-minimal combination of emission controls meeting user-
supplied air quality targets, taking into account regional differences in emission control costs 
and atmospheric dispersion characteristics. The optimisation capability of RAINS enables the 
development of multi-pollutant, multi-effect pollution control strategies. In particular, the 
optimisation can be used to search for cost-minimal balances of controls of the six pollutants 
(SO2, NOx, VOC, NH3, primary PM2,5, primary PM10-2.5 (= PM coarse)) over the various 
economic sectors in all European countries that simultaneously achieve user-specified targets 
for human health impacts (e.g., expressed in terms of reduced life expectancy), ecosystems 
protection (e.g., expressed in terms of excess acid and nitrogen deposition), and maximum 
allowed violations of WHO guideline values for ground-level ozone, etc. (Figure 2.2).  
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Figure 2.2: The iterative concept of the RAINS optimisation.  

 

 

2.3 Preparation and review of the RAINS databases  

From October 2003 to March 2004, the databases of the RAINS model that describe the 
national situations in terms of driving forces, energy consumption, agricultural activities, 
emission source structures and emission control potentials have been reviewed by national 
experts. IIASA hosted a series of bilateral consultations with experts from Member States and 
industrial stakeholders to examine the draft RAINS databases and improve them to reflect to 
the maximum possible extent the country-specific conditions as seen by the various experts 
without compromising international consistency and comparability (Table 2.2). 

These consultations reviewed the energy projections produced by the PRIMES model for each 
country and identified  

• discrepancies in the base year 2000 energy statistics between the energy balances 
published by EUROSTAT in 2002 (as have been used for the PRIMES analysis) and 
revised information provided by the Member States to EUROSTAT after this date, 

• factual discrepancies between the energy projections produced by the PRIMES model 
and recent national energy policies, 

• and different opinions on the future energy development (e.g., sectoral growth rates, 
development of energy prices, potential change in national energy policies, etc.). 

Comments provided by national experts were communicated to the PRIMES modelling team 
and will be used to develop a revised PRIMES energy scenario. In addition, the discussions 
screened the RAINS databases on emissions and penetration of emission control measures, 
addressing 
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• discrepancies between national year 2000 emission inventories reported by Member 
States to the Convention on Long-range Transboundary Air Pollution and the RAINS 
calculations, 

• the envisaged penetration of new emission control legislation in each country, and  

• the country-specific potential for applying further emission control measures. 

These consultations generated a wealth of well-documented new information, which helped to 
revise the RAINS databases so that national emission inventories can now be better 
reproduced relying on national information while maintaining international consistency and 
comparability of the assessment.  

However, due to the tight time table of the CAFE program, there was insufficient time 
available for many national experts to produce all revised information before the deadlines for 
the analysis. Thus, some information provided by national experts after the deadlines could 
not yet be incorporated into the databases of the RAINS model. For the same reasons, it was 
not possible for the RAINS team to reconfirm their interpretation of received national 
information with the national experts. Therefore, all analysis presented in this First Interim 
Report has to be considered as provisional, pending the full implementation of all provided 
information and confirmation of the revised databases by national experts. Equally, it was not 
yet possible to implement the national energy and agricultural projections received from 
Member States for this First Interim Report. According to the work plan of CAFE, it is 
envisaged to complete these outstanding tasks by June. 
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Table 2.2: Bilateral consultations between IIASA and experts from Member States and 
industrial stakeholders on the RAINS databases 

Country or  Meeting  No of  Comments on National scenario 
organization date experts RAINS databases PRIMES Energy Agri-

culture 
Denmark - - 16/1/04 - Y Y 
Latvia - - 08/10/03 - - Y 
EUROPIA 2-3/10/03 2 05/12/03 –23/3/04 -   
EURELECTRIC 30-31/10/03 4 - -   
Hungary 14/11/03 1 - - - - 
Germany 20-21/11/03 4 19/12/03 – 23/3/04 Y - - 
Czech Republic 25/11/03 3 19/12/03 – 7/4/04 Y - Y 
ACEA 12/12/03 10 - -   
Italy 15-16/12/03 2 19/1/04 – 2/4/04 Y Y - 
France 8-9/1/04 5 31/3/04  – 15/4/04 Y Y - 
Sweden 22-23/11/04 3 29/1/04 – 4/4/04 Y Y Y 
UK 26-28/1/04 8 19/2/03 – 6/4/04 Y - Y 

Spain 4-5/2/04 5 30/3/04 – 13/4/04 Y - - 
Portugal 12-13/2/04 5 27/2/04 – 8/4/04 Y Y Y 
Belgium 16-17/2/04 7 08/3/04 – 6/4/04 Y Y - 
Austria 23/2/04 11 24/2/04 – 19/4/04 - - Y 
Ireland 4-5,19/3/04 2 12 – 19/3/04 Y - Y 
ESVOC  8/3/04 3 - - -  
Finland 8-9/3/04 3 19/03/04 – 19/4/04 Y (Y) - 
Lithuania 10/3/04 2 24/4/04 Y - - 
Estonia 12/3/04 2 17/3/04 - - - 
Slovakia 15/3/04 3 22/3/04 Y - - 

Poland 17-18/3/04 2 17/3/04 – 07/4/04 - - - 
Slovenia 22/3/04 2 24/3/04 – 8/4/04 - Y Y 
Netherlands 25-26/3/04 4 16/3/04 – 18/04/04 Y - Y 

19 + 4   94 21 14 7 10 
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3 Energy projections 
Recognizing the inherent uncertainties in the predictions of some of the drivers that influence 
future emissions (e.g., economic development, energy prices, policy preferences, etc.), CAFE 
will accept a range of baseline projections that reflects plausible range of future developments. 
The policy debate will then focus on environmental targets that lead to further improvements 
of air quality and will explore the implications of alternative baseline projections on achieving 
these targets. Thus, there is no need to reach full consensus of all stakeholders on all 
assumptions of each baseline projection, as long as overall plausibility and consistency is 
maintained.  

In practice, CAFE will use four baseline scenarios on energy development: 

• A Europe-wide consistent view of energy development with certain assumptions on 
climate policies (as produced by the PRIMES energy model). 

• As a variant, a Europe-wide consistent view of energy development without climate 
policies. For this purpose, CAFE will use the Energy and Transport  Trends for 2030 
of DG Transport and Energy. 

• A compilation of official national projections of energy development with climate 
policies that reflect the perspectives of the individual governments of Member States. 
By their nature, there will be no guarantee for international consistency in the main 
assumptions across countries (e.g., economic development, energy prices, use of 
flexible mechanisms for the Kyoto Protocol, assumptions on post-Kyoto regimes, 
etc.). 

• A revised version of the PRIMES projection with certain assumptions on climate 
policies, which maintains Europe-wide consistency in important features (e.g., 
assumptions on energy prices, electricity imports and exports, etc.) while 
incorporating to the maximum possible extent national perspectives. 

For agriculture, CAFE will use  

• a set of Europe-wide consistent projections of agricultural activities  without CAP 
reform, and 

• a compilation of national projections of activities supplied by Member States. 

• In addition, it is foreseen that a ‘CAP reform’ projection will be made available by 
DG Agriculture once the policy plans are agreed upon. 

As of now, the analysis incorporates the two PRIMES energy baseline projections (with and 
without further climate measures) and the pre-CAP reform agricultural scenario. The other 
scenarios will be included in the RAINS databases in the coming months, so that in summer 
2004 the full range of baseline projections will be available for analysis within the CAFE 
program. 
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3.1 The baseline projection without further climate measures 

The analysis adopts the baseline energy projection of the ‘European energy and transport – 
Trends to 2030’ outlook of the Directorate General for Energy and Transport of the European 
Commission (CEC, 2003) as a starting point. This projection does not assume any further 
climate measures beyond those already adopted in 2002.  

Even in absence of further policies to curb CO2 emissions, the projection expects production 
of fossil primary energy within the EU to continue to decline throughout the period to 2020, 
after peaking in the period 2000-2005. Renewable sources of energy are likely to receive a 
significant boost as a result of policy and technology progress. Despite the evidence of some 
saturation for some energy uses in the EU, energy demand is expected to continue to grow 
throughout the outlook period though at rates significantly smaller than in history.  

The EU energy system remains dominated by fossil fuels over the next 25 years and their 
share rises marginally from its level of just under 80 percent in 1995. The use of solid fuels is 
expected to continue to decline until 2010 both in absolute terms and as a proportion of total 
energy demand. Beyond 2015, however, due to the power generation problems that will ensue 
from the decommissioning of a number of nuclear plants, and the partial loss of 
competitiveness of gas based generation due to higher natural gas import prices, the demand 
for solid fuels is projected to increase modestly. Spurred by its very rapid penetration in new 
power generation plant and co-generation, gas is by far the fastest growing primary fuel. Its 
share in primary energy consumption is projected to increase from 20 percent in 1995 to 
26 percent in 2010. The share of oil in primary consumption is projected to be relatively 
stable over the period to 2020.   

Under baseline assumptions, the technology of electricity and steam generation improves 
leading to higher thermal efficiency, lower capital costs and greater market availability of new 
generation technologies. The assumed improvement, however, is not spectacular and no 
technological breakthrough occurs during the projection period in the baseline scenario. The 
use of electricity is expected to expand by 1.7 percent per year over the projection period and 
its growth is expected to be especially rapid in the tertiary and in the transportation sector. 
Total power capacity requirements for the EU increase by some 300 GW in the 1995-2020 
period and a similar amount of new capacity will be required for the replacement of 
decommissioned plants. Thus the EU is projected to build 594 GW of new plants over 1995-
2020 in order to cover its growing needs and replace the decommissioned plants. 

The use of traditional coal and oil plants is expected to decline very rapidly. Due to the 
decommissioning of older plants, there is a modest decline in the capacity of nuclear plants 
while nearly half of the thermal plant currently utilised by independent producers is also 
expected to be scrapped. These declines in capacity are more than made up from the dramatic 
increase in gas turbine combine cycle plants and small gas turbines. These increase by nearly 
10 times over the projection period to exceed 380 GW or almost 45 percent of the total 
installed capacity by 2020.  

The rising share of fossil fuels will lead to an increase in the carbon intensity of the EU 
energy system. Together with the modest increase in energy demand, this will lead to an 
increase in CO2 by 16 percent in the 1995-2020 period. In absolute terms, the increase in 
emissions originated from combustion of natural gas more than make up for the sharp decline 



   13 

in emissions resulting from the decline in the use of solid fuels. Energy intensity 
improvements act in favour of moderating the rise of CO2 emissions, but the overall carbon 
intensity does not improve.  

3.2 The energy projection with further climate measures 

The projection of the implication of further climate measures attempt to quantify how the 
decarbonisation of the energy system would take place due to climate policies. Based on the 
guidance received from DG ENV’s Climate Change unit, without prejudging the actual 
implementation of the Kyoto agreement and of possible post-Kyoto regimes, the “with 
climate policies” scenario assumes for 2010 for all energy consumers a revenue-neutral 
“shadow price” of €12 per tonne of CO2. It is thus implicitly assumed that any measures 
having a compliance cost higher than this will not be undertaken by the EU’s energy system, 
but that other sectors (e.g. non-CO2 greenhouse gases emitting sectors) would reduce their 
emissions, or that flexible instruments in the Kyoto Protocol would be used. Also the 
possibility of using carbon sinks would add to the flexibility. Concerning “post-Kyoto”, it was 
assumed that the “shadow price” of carbon dioxide would increase linearly to € 20 per tonne 
of CO2 in 2020. Thus, in 2015, the “shadow price” is assumed to be € 16 per tonne of CO2. 
The key assumptions made for the modelling exercise are available on the CIRCA web site. 
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4 Emission projections 

4.1 Sulfur dioxide 

4.1.1 Base year emissions 

With improved information on country-specific data received during the bilateral 
consultations, the RAINS model reproduces national emission estimates for SO2 with only 
minor discrepancies, basing its calculations on reported activity levels (energy consumption, 
agricultural activities), country-specific emission factors and application rates of emission 
control measures (Annex Table 2.6, Annex Figure 2.1). For the EU-15, the RAINS estimate 
deviates by 0.3 percent, and for the New Member States by 0.8 percent. 

Important discrepancies remain for Greece and Luxembourg, where the RAINS model 
estimates higher emissions than the national reports, and for Portugal and Slovakia, where 
RAINS estimates are lower than the numbers given in the official inventories. For 
Luxembourg, the larger RAINS estimate is a consequence of the fact that RAINS calculates 
emissions for all fuel sold in a country, while the numbers reported by Luxembourg refer only 
the fuel consumed within the country. For the other countries, resolution of the discrepancies 
requires further national information, especially if countries reported different emission 
figures to different organizations over time. 

4.1.2 Future development 

Based on the representation of the base year inventory, the RAINS model projects the future 
fate of emissions based on the changes in the volumes of emission generative activities (as 
given, e.g., by the PRIMES energy projection) and the penetration of emission control 
legislation. For SO2, the baseline scenario assumes EU legislation listed in Table 4.1 as well 
as stricter national legislation, if applicable. However, these projections do not consider caps 
on total national emissions imposed by the National Emission Ceilings directive, but explore 
only source-specific emission control legislation. Thus, further measures that could possibly 
be under considerations in individual countries in order to meet emission ceilings, but which 
are not yet laid down in legislation, are excluded from consideration.  

Table 4.1: Legislation on SO2 emissions considered for the CAFE baseline scenarios 

Large Combustion Plant Directive 

S Content of Liquid Fuels Directive  

Directives on quality of petrol and diesel fuels 

IPPC legislation on process sources 

National legislation and national practices (if stricter)  
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The baseline projections suggest SO2 emissions to significantly decrease in the future. 
Compared to the year 2000, SO2 emissions in the EU-15 are expected to decline by 55 percent 
in 2010 and by 63 percent in 2020 for the “no further climate measures” scenario (Annex 
Figure 2.2. left panel). CO2 reducing measures in the “with climate measures” scenario would 
increase the SO2 reduction in 2010 to 58 percent and in 2020 to 66 percent (Annex Figure 2.2., 
right panel). In both cases, largest reductions result for coal combustion, partly due to the 
decline in coal consumption (for 2020 -16 percent for the “no further climate measures 
scenario, -50 percent for the climate scenario compared to 2000), and partly due to full 
implementation of the large combustion plant directive (Annex Table 2.1 and 2.3, Figures 2.2 
and 2.4). For the New Member States, SO2 emissions are calculated to decline in 2010 by 40 
percent and in 2020 by 63 percent in the “no further climate measures” case and up to 70 
percent in 2020 for the climate case. 

The draft SO2 emission projections for 2010 are in many cases lower than the ceilings laid 
down in the National Emission Ceilings Directive (Annex Table 2.6). For the EU-15, total 
SO2 emissions are computed to under-run the collective ceiling between 22 and 25 percent. 
With the present data in the RAINS database and based on the PRIMES energy projections, a 
need for stricter control measures seem to emerge only for the Netherlands, while the SO2 
emissions from many other countries are expected to  be between 20 and 70 percent below the 
ceiling. For the New Member States, overall SO2 emissions in 2010 are calculated 40 percent 
below the emission ceiling, with only Malta exceeding the ceiling.  

 

4.2 Nitrogen oxides 

4.2.1 Base year emissions 

Also for NOx, the RAINS databases allow rather accurate reconstruction of the nationally 
reported emission inventories for the year 2000. For the EU-15 as a whole, the draft RAINS 
estimate deviates by only one percent, and by 0.3 percent for the New Member States (Annex 
Table 2.12). As for SO2, the major discrepancies occur for Greece and Luxembourg. There 
are certain discrepancies with national estimates at the sectoral level, which are expected to be 
resolved in the forthcoming months. 

The emission factors for mobile sources applied in the earlier RAINS calculations were 
entirely based on data developed within the Auto/Oil project. In contrast, the present RAINS 
implementation for the CAFE program incorporates information on country-specific emission 
factors for vehicles as provided by national experts, under the condition that sufficient 
supplementary documentation on the methodologies applied by countries was supplied, so 
that international consistency is maintained. 

It should be mentioned that the RAINS estimates presented in this First Interim Report reflect 
higher than expected NOx emissions from heavy duty trucks subject to EURO-II and EURO-
III as pointed out by the ARTEMIS project. Thus, the RAINS estimates for mobile sources 
are higher than the numbers given in the national inventories of some countries, which do not 
yet include this recent information. 
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4.2.2 Future development 

As for SO2, the RAINS computation of future NOx emissions is based on the projected 
volumes of emission generating activities (as provided by the PRIMES energy projections), 
country-specific emission factors that capture the composition of emission sources in each 
Member State and the penetration of emission controls as prescribed by legislation (Table 4.2). 

Table 4.2: Legislation on NOx emissions considered for the CAFE baseline scenarios 

Large Combustion Plant Directive 

Auto/Oil EURO standards 

Standards for motorcycles and mopeds 

Legislation on non-road mobile machinery  

Implementation failure of EURO-II and III for HDT 

IPPC legislation on process sources 

National legislation and national practices (if stricter)  

 

For the two PRIMES energy projections, NOx emissions from the EU-15 are expected to 
decline by 29 percent in 2010 and by 47 percent in 2020 compared to the year 2000 (Annex 
Tables 2.7 and 2.9, Figures 2.9 and 2.10). Largest decreases will result from the measures in 
the power generation sector (-39 percent in 2010) and for mobile sources (-33 percent in 
2010). For the New Member States, NOx emissions are computed to decline by 30 percent in 
2010 and by 54 percent in 2020 in case of no further climate measures (see Tables 2.7 to 2.10; 
corrected versions are given below!). 

 

Table 2.7: NOx emissions by fuel type for the EU-15 (kt) – CORRECTED VERSION 

  No further climate measures With further climate measures 
 2000 2010 2015 2020 2010 2015 2020 
Brown coal 150 81 59 60 71 46 40 
Hard coal 990 487 369 260 426 287 152 
Other solids 278 284 292 287 292 317 328 
Heavy fuel oil 509 336 309 278 324 301 271 
Middle distillates 4516 3657 2860 2338 3613 2808 2279 
Gasoline 1942 687 490 452 683 482 441 
Natural gas 959 972 1006 1024 957 986 1018 
Process emissions 593 581 581 586 573 570 573 
Total 9938 7085 5966 5286 6939 5798 5104 
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Table 2.8: NOx emissions by fuel for the New Member States (kt) – CORRECTED 
VERSION 

  No further climate measures With further climate measures 
 2000 2010 2015 2020 2010 2015 2020 
Brown coal 141 113 83 41 103 69 36 
Hard coal 438 317 305 178 282 251 118 
Other solids 36 35 35 33 40 39 37 
Heavy fuel oil 50 34 30 26 34 29 25 
Middle distillates 489 379 285 217 375 278 210 
Gasoline 243 87 54 54 87 54 53 
Natural gas 140 113 120 131 112 122 135 
Process emissions 117 87 86 89 87 86 88 
Total 1654 1165 999 768 1120 927 703 

 

Table 2.9: NOx emissions by sector for the EU-15 (kt) – CORRECTED VERSION 

  No further climate measures With further climate measures 
 2000 2010 2015 2020 2010 2015 2020 
Power generation 1520 928 804 692 870 750 636 
Industry 915 751 753 744 734 729 719 
Households 532 545 543 538 529 522 515 
Transport 6377 4281 3286 2728 4235 3228 2662 
Process emissions 593 581 581 586 573 570 573 
Total 9938 7086 5967 5288 6940 5800 5105 

 

Table 2.10: NOx emissions by sector for the New Member States (kt) – CORRECTED 
VERSION 

  No further climate measures With further climate measures 
 2000 2010 2015 2020 2010 2015 2020 
Power generation 560 412 376 214 376 321 169 
Industry 161 123 121 121 120 116 113 
Households 96 92 91 89 89 86 84 
Transport 720 452 324 256 447 317 248 
Process emissions 117 87 86 89 87 86 88 
Total 1654 1165 999 768 1120 927 703 

  

The provisional analysis of the baseline projection indicates for most of the 15 old Member 
States potential difficulties in reaching the NOx levels laid down in the Emission Ceilings 
Directive in 2010, while essentially all New Member States would stay well below the 
preliminary ceilings (Table 2.12 and Figures 2.13 to 2.14 in the Annex). In total, the EU-15 
would exceed the ceilings between 6.5 and 8.5 percent in 2010, while the NOx emissions from 
the New Member States would remain 35 percent below the ceilings. In 2015, however, 
progressing implementation of the stricter EURO-IV emission limit values for mobile sources 
would push NOx emissions from the EU-15 between nine and 11 percent below the 2010 
target, depending on the energy scenario.  
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4.3 Volatile Organic Compounds (VOC) 

4.3.1 Base year emissions 

In comparison to SO2 and NOx, it is more difficult to reproduce nationally reported VOC 
emissions with internationally consistent sets on emission factors. Thus, the RAINS model 
shows larger discrepancies with national estimates, although the overall number for the EU-
15 differs by not more than 0.16 percent, while for the New Member States the disagreement 
increases to five percent. Insufficient insight into the calculation methods applied in some 
Member States makes it difficult to judge the quality of some of these national VOC 
inventories, so that for all following calculations caveats on the uncertainties of the emission 
inventories must be kept in mind. 
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Figure 4.1 (CORRECTED): Comparison of national emission inventories for VOC with the 
RAINS estimates (for the year 2000) 
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4.3.2 Future development 

Table 4.3: Legislation on VOC emissions considered for the CAFE baseline scenarios 

Stage I Directive 

Directive 91/441 (carbon canisters) 

Auto/Oil EURO standards 

Fuel Directive (RVP of fuels) 

Solvents Directive 

Product Directive (paints) 

National legislation, e.g., Stage II  

 

Under the assumptions of the baseline scenario and with the emission control legislation listed 
in Table 4.3, VOC emissions are expected to decrease in the EU-15 in 2010 by 33 percent 
compared to 2000 and by 41 percent in 2020. There are only minor impacts of the “with 
climate measures” scenario, mainly due to variations in the transport volumes. In the New 
Member States, VOC emissions in 2010 are computed to be 15 percent lower than in 2000, 
and 33 percent lower in 2020. In both regions, the decline in emissions from mobile sources 
adds the largest contribution to the VOC decrease (see Annex Figures 2.16 and 2.17). 

While the initial analysis indicates for some Member States in the EU-15 a potential need for 
further measures to achieve the emission ceilings, VOC emissions from the EU-15 as a whole 
would be three percent below the ceiling (Table 2.16). New Member States, however, would 
under-run the ceiling by 45 percent. 
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Table 2.16: VOC emission estimates for 2000 and for 2010 (kt) - CORRECTED 

 Base year inventory 
2000 

Emissions for 2010 

 RAINS National 
estimate 

NEC 
ceiling 

RAINS,  no further 
climate measures 

RAINS, with further 
climate measures 

Austria 201 190 159 164 165 
Belgium 248 233 139 173 172 
Denmark 131 132 85 86 86 
Finland 169 160 130 130 130 
France 1563 1726 1050 1024 1026 
Germany 1622 1605 995 1141 1140 
Greece 288 305 261 180 180 
Ireland 95 90 55 72 72 
Italy 1646 1512 1159 971 970 
Luxembourg 16 15 9 11 11 
Netherlands 287 278 185 237 237 
Portugal 311 285 180 216 217 
Spain 1119 1144 662 832 833 
Sweden 245 304 241 176 175 
UK 1521 1498 1200 902 901 
Total EU-15 9462 9478 6510 6316 6315 
      
Cyprus 16 14 14 11 11 
Czech Rep. 225 220 220 150 150 
Estonia 38 34 49 34 34 
Hungary 135 172 137 83 83 
Latvia 32 69 136 24 24 
Lithuania 64 71 92 49 49 
Malta 6  12 4 4 
Poland 589 599 800 453 452 
Slovakia 84 89 140 62 62 
Slovenia 58 40 40 33 33 
Total NMS 1247 1308 1640 903 902 
      
Total EU-25 10708 11300 8150 7222 7217 
 

 

4.4 Ammonia (NH3) 

4.4.1 Base year emissions 

While the provisional databases in the RAINS model reproduce for the year 2000 total 
ammonia emissions of the EU-15 with only 0.8 percent difference to the national estimates, 
there are still large discrepancies for individual countries. Further national information is 
necessary to understand the reasons for the differences and to improve the model estimates. 
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For the new Member States, RAINS results in 1.2 percent higher emissions than the national 
estimates (Annex Table 2.20, Figure 2.20) 

4.4.2 Future development 

For ammonia emissions, no specific control measures in addition to different national 
practices are assumed for the baseline projection (Table 4.4).  

Table 4.4: Legislation on NH3 emissions considered for the CAFE baseline scenarios 

No EU-wide legislation 

National legislations  

Current practice 
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Figure 4.2: Development of animal numbers for EU-15 (left panel) and New Member States 
(right panel) relative to the year 2000, pre-CAP reform scenario 

 

With the changes in animal numbers as presented in Figure 4.2, no significant changes in the 
amount of NH3 emissions are calculated for the future (Figures 2.21 and 2.21 in the Annex). 
While in 2010 the total ammonia emissions of the EU-15 countries should be slightly below 
the total emission ceiling, for some countries compliance with the ceiling would require 
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additional emission control measures, if the agricultural projections of the pre-CAP reform 
scenario materialize.  

 

4.5 Fine particulate matter  

4.5.1  Base year emissions 

While the RAINS model applies a uniform and reviewed methodology using country-specific 
emission factors to compute primary emissions of fine particles, only few countries have 
reported national estimates. Thus, a comparison of the RAINS estimates with national figures 
is only possible to a limited extent (Figure 2.25). Generally, disagreements with the available 
estimates for PM are larger than for other pollutants. However, in absence of well-
documented inventories for the majority of Member States, it is difficult to judge the quality 
of the RAINS calculations.  

For the year 2000, RAINS estimates for the EU-15 about one third of the primary PM10 
emissions (660 kt) to originate from industrial process emissions and other non-combustion 
sources. The transport sector contributes another 490 kt (including non-exhaust emissions), 
while wood combustion in small stoves is calculated to emit 360 kt. In the New Member 
States, the largest share of primary PM10 emissions was caused by the combustion of coal, 
mainly in the domestic sector.  

Table 4.5: Legislation on PM emissions considered for the CAFE baseline scenarios 

LCP Directive 

Auto/Oil EURO standards 

Standards for motorcycles and mopeds 

Legislation on non-road mobile machinery  

IPPC legislation on process sources 

National legislation and national practices (if stricter) 

LCP Directive 

 

With the measures listed in Table 4.5, primary PM10 emissions from stationary combustion 
of fossil fuels is expected to significantly decline in the coming years. Emissions from mobile 
sources (including non-exhaust emissions) show a declining trend too, but less steep than the 
stationary sources. Overall, it is estimated that PM10 emissions decrease in the baseline 
scenario from 2000 to 2010 by approximately 25 percent in the EU15 and by more than 30 
percent in the New Member States. For 2020, total primary PM10 emissions would be 32 
percent lower in the EU-15 and 47 percent in the New Member States (Table 2.21 to 2.24).  

Calculations suggest a stronger decline in the fine fraction of PM, i.e., for PM2.5. For the EU-
15, primary emissions of PM2.5 would under the assumptions of the baseline scenario be 29 
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percent below the year 2000 levels, and 40 percent in 2020. In the New Member States, 
PM2.5 is calculated to decline by 31 and 49 percent, respectively. 

 

5 Air quality and impacts 

5.1 PM2.5 

The Eulerian EMEP model has been used to calculate changes in the anthropogenic 
contribution to ambient concentrations of PM2.5 in Europe resulting from the changes in the 
precursor emissions (primary PM2.5, SO2, NOx, NH3).  

However, at the moment, the scientific peers do not consider the modelling of total particulate 
mass of the EMEP model (and of all other state-of-the-art models) as accurate and robust 
enough for policy analysis. Thus, one should not base an integrated assessment on estimates 
of total PM mass concentrations.  

The largest deficiencies have been identified in the quantification of the contribution of 
natural sources (e.g., mineral dust, organic carbon, etc.) and water. The quantification of 
secondary organic aerosols (SOA) is not considered mature enough to base policy analysis on. 
A certain fraction of SOA is definitely caused by anthropogenic emissions, but some 
estimates suggest that the contribution from natural sources might dominate total SOA. 
Clarification of this question is urgent to judge whether the inability of contemporary 
atmospheric chemistry models to quantify SOA is a serious deficiency for modelling the 
anthropogenic fraction of total PM mass. 

In contrast, the modelling of secondary inorganic aerosols is considered reliable within the 
usual uncertainty ranges. This applies especially to sulphur aerosols. The lack of formal 
validation of the nitrate calculations is explained by insufficient monitoring data with known 
accuracy; the model performs reasonably well for other nitrogen-related compounds. 

The validation of calculations for primary particles is hampered by insufficient observational 
data on PM composition. Primary particles comprise a variety of chemical species, some of 
which (e.g., organic aerosols) originate also from secondary particle formation. Work at 
EMEP is underway to use improved emission inventories of black carbon, which are 
themselves only in a research phase, to use black carbon monitoring data as a tracer for 
emissions of primary particles. In principle, however, modelling of the dispersion of largely 
non-reactive substances like primary particles is generally considered as a not too ambitious 
undertaking. Thus, with some further evidence from EMEP/MSC-W on the performance of 
the Eulerian model for black carbon, an integrated assessment could rely on EMEP’s 
dispersion calculations for primary particles over Europe. 

Thus, there are arguments that the present modelling capabilities allow quantification of the 
dispersion of (most of) the fine particles of anthropogenic origin. This permits calculating 
changes in PM concentrations over Europe due to changes in anthropogenic emissions, and to 
estimate the health impacts that can be attributed to anthropogenic emission controls. On the 
other hand, it is not possible to make any statements on the absolute level of PM mass 
concentrations, and subsequently not on the absolute health impacts of the total particle 
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burden in the atmosphere. This limitation, however, does not seem to impose unbalanced 
restrictions on the overall analysis, since also the evidence from the available epidemiological 
studies does not allow drawing conclusions about the total health impacts.  

Figure 5.1 presents the modelled anthropogenic contribution to rural PM2.5 concentrations 
(primary anthropogenic PM and secondary inorganic aerosols) for the emissions of the year 
2000 for the meteorological conditions of 1999 and 2003. The graphs show a substantial 
influence of the inter-annual meteorological variability on PM2.5 concentrations. Since at 
present model calculations are only available for these two years and no statement on the 
representativeness of these meteorological conditions can be made, the further calculations 
presented in this report use the mean meteorological conditions from these years as a basis. 

 

1999                           average                         20031999                           average                         2003
 

Figure 5.1: Identified anthropogenic contribution to rural concentrations of PM2.5 (annual 
mean concentrations, µg/m3), for the emissions of the year 2000 calculated for the 
meteorological conditions of 1999 (left panel) and the meteorological conditions of 2003 
(right panel). For the further analysis, the mean meteorology (center panel) is used. These 
calculations do not reproduce the total observed mass of PM2.5, since the contributions from 
natural sources and secondary organic aerosols, which originate to a certain extent from 
anthropogenic sources, are not quantified. 

 

As shown in Figure 5.2, the decline in emissions of primary particles as well as in the 
precursor emissions for secondary aerosols is calculated to lead to significant reductions of 
PM2.5 concentrations throughout Europe. While the absolute levels given in the graphs 
cannot be directly compared with observations, the changes in PM2.5 levels over time shown 
in this series of graphs should give a lower estimate of reductions in PM2.5 levels that can be 
expected from the declines in emissions. It should be kept in mind, however, that in reality 
these changes will be masked by the inter-annual meteorological variability as indicated in 
Figure 5.1. 

 



   25 

2000                            2010                         20202000                            2010                         2020
 

Figure 5.2: Identified anthropogenic contribution to modeled rural PM2.5 concentrations 
(annual mean, µg/m3) for the baseline emissions of the year 2000 (left panel), the year 2010 
(center panel) and for 2020 (right panel).  

 

5.2 Losses in life expectancy due to anthropogenic PM2.5 

Based on a methodology described in Amann et al. (2004), the RAINS model estimate 
changes in the loss in statistical life expectancy that can be attributed to changes in 
anthropogenic emissions (ignoring the role of secondary organic aerosols). This calculation is 
based on the assumption that health impacts can be associated with changes in PM2.5 
concentrations. RAINS applies a linear concentration-response function and associates all 
changes in the identified anthropogenic fraction of PM2.5 with health impacts. Thereby, no 
health impacts are calculated for PM form natural sources and for secondary organic aerosols. 
It transfers the rate of relative risk for PM2.5 identified by Pope et al., 2002 for 500.000 
individuals in the United States to the European situation and calculates mortality for the 
population older than 30 years. Thus, the assessment in RAINS does not quantify infant 
mortality. Awaiting results from the City-Delta project, the provisional estimates presented in 
this First Interim Report assume PM2.5 from primary emissions in urban areas to be 25 
percent higher than in the surrounding rural areas. 

Results from this provisional estimates are presented in Figure 5.3. The reductions of the 
baseline emissions will significantly reduce calculated losses in life expectancy in the 
European Union, although even in 2020 for large parts of the population life expectancy 
losses attributable to anthropogenic PM exceed six months. 
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2000                            2010                         20202000                            2010                         2020
 

Figure 5.3: Loss in statistical life expectancy that can be attributed to the identified 
anthropogenic contributions to PM2.5 (in days) 

5.3 Ozone 

The Eulerian EMEP model has also been used to calculate changes in ozone concentrations 
resulting from the emissions of the baseline scenario.  

Following the findings of the WHO review of health impacts of particulate matter and ozone, 
the joint WHO/UNECE Task Force on Health at its 7th session (6-7 May 2004) has concluded 
to relate health impacts of ozone (premature mortality) with the maximum daily eight-hour 
mean concentrations taking into account the full year. Since the EMEP model results have not 
yet been evaluated along this metric, this report cannot present a health impact assessment for 
ozone. 

Instead, Figure 5.4 presents the evolution of the excess ozone that is considered harmful for 
forest trees, using the AOT40 (accumulated ozone over a threshold of 40 ppb) as a metric. 
The updated manual for critical levels (UN/ECE, 2004) specifies a no-effect critical level of 5 
ppm.hours for trees. Related to this quantity, significant excess ozone is calculated for 2000 
for large parts of the European Union. Baseline emission reductions will improve the situation, 
but will not be sufficient to eliminate the risk even by 2020. 
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Figure 5.4: Rural AOT40 for forests (in ppm.hours) calculated for the baseline scenario, based 
on mean meteorological conditions of 1999 and 2003. The critical level for forest trees 
indicating a no-effect threshold is set at 5 ppm.hours.  

 

5.4 Acid deposition 

The baseline projections also suggest improvements in ecosystems protection against acid 
deposition. However, due to improved scientific insight which now allows reliable calculation 
of specific deposition rates for individual land use types (forests, open land, etc.), a systematic 
underestimation of deposition to forests that was inherent to earlier calculations could be 
removed. Thus, substantially larger quantities of sulfur and nitrogen deposition is now 
calculated for forest ecosystems than was calculated earlier, e.g., for the NEC directive.   

Figure 5.5 displays the evolution of forest area over time receiving acid deposition above their 
critical loads (using the 2003 critical loads data). Obviously, the situation is expected to 
improve, but substantial areas are calculated to remain at risk. This is mainly due to the 
almost constant levels of ammonia emissions,  which make ammonia to the dominating 
source of acidification in the future. 

This calculation has to be considered as preliminary, and further analysis involving the 
scientific effects community will be necessary to provide a comprehensive interpretation of 
these results. In a similar way, further analysis will be able to assess acidification of aquatic 
ecosystems. 
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Figure 5.5: Percentage of forest area receiving acid deposition above the critical loads for the 
baseline emissions for 2000, 2010 and 2020. Based on mean meteorology for 1999 and 2003, 
using ecosystem-specific deposition for forests. Critical loads data base of 2003. 

 

6 Conclusions 
This First Interim Report on CAFE emission scenarios presents a first perspective on the 
likely future development of emissions and air quality in Europe in absence of further legal 
measures to control emissions. While this assessment brings together for the first time a wide 
range of updated information on economic development, energy policies, emission 
inventories, atmospheric dispersion and impacts of air pollution, it has to be considered as 
provisional since information in all these fields needs further refinement and validation. 

However, despite a large numbers of outstanding improvements in detail, the overall picture 
at the European scale as presented in this report is unlikely to change dramatically. Thus, a 
preliminary conclusion would suggest that the full implementation of the present legislation 
on emission controls will lead to significant reduction of emissions in the future, both in the 
EU-15 and in the New Member States. However, these improvements are not likely to fully 
eliminate all negative impacts of air pollution within the time period analyzed in this report. 
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