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1 Executive summary 

The main objective of the COMBI project (Calculating and Operationalizing the Multiple Benefits of 
Energy Efficiency in Europe) was to capture the multiple impacts of energy efficiency while using 
the same energy activity data in various fields of research and policy: air pollution, resource 
efficiency, social welfare, economy and energy security. This report presents air pollution impacts 
on public health and ecosystem health as a result of energy efficiency interventions. Energy 
poverty-related human health impacts have been explored in COMBI report 5.4.  

Although significant air quality improvements have been achieved in the last decades in Europe, 
air pollution is most probably still the single largest environmental threat to human health in 
Europe. Fossil fuels are the main primary energy source in Europe; fossil fuel combustion causes 
both – climate change and air pollution. Therefore, climate change mitigation policies are likely to 
have implications for air pollution policies and vice versa. In COMBI the potential of energy 
efficiency improvement actions is studied in delivering air pollution co-benefits stemming from 
the sectors of residential and tertiary housing, transport and industry. Air pollution affects 
negatively human health causing acute and chronic effects and ecosystem health causing 
acidification and eutrophication.  

The GAINS model (Greenhouse Gas - Air Pollution Interactions and Synergies model) was used to 
quantify the extent of air pollution damage in 2015 and 2030, and the avoided extent of air 
pollution damage in 2030 due to accelerated energy efficiency interventions (COMBI efficiency 
scenario resulting from 21 energy efficiency improvement actions).  

Around 285 000 premature deaths could be attributed to PM2.5 exposure and around 21 000 
premature deaths due to ground level ozone exposure in 2015 in the EU-28. PM2.5 exposure in 
2015 alone has caused a loss of life expectancy of around 6 million years of life lost (YOLL) to the 
surviving EU-28 population. 103.4 thousand of km2 of ecosystem area were exposed to excess 
acidification pressures and 1 122 thousand of km2  - to excess eutrophication in 2015 in the EU-
28.  

Energy demand changes, fuel mix changes and business as usual energy efficiency adoption pace 
between 2015 and 2030 (COMBI reference scenario) would decrease premature mortality due to 
PM2.5 by 66 564 premature deaths or by 23% compared to the baseline situation in 2015 in the 
EU-28. Premature mortality due to ground level ozone in 2030 would decrease by 3 770 
premature deaths or 18% compared to the baseline in 2015. Life expectancy loss would decrease 
to 4.6 million YOLLs in 2030. Area exposed to excess deposition of sulphur would reduce to 73.5 
thousand km2 and area exposed to excess deposition of nitrogen would decrease to 1 024 
thousand km2. 

The difference in air pollution outcomes between COMBI reference and efficiency scenarios below 
should be interpreted as additional co-benefits achieved due to accelerated deployment of energy 
efficiency improvement actions in the year 2030. Additional 10 805 premature deaths would be 
avoided in the year 2030 alone due to reduced exposure to PM2.5 in the EU-28 and additional 442 
deaths would be avoided due to reduced exposure to ground level ozone. Avoided life expectancy 
loss due to PM2.5 exposure in the year 2030 stands at around 230 000 YOLLs for the whole of the 
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EU-28. Additional 4.4 thousand km2 would de spared from acidification and an additional 13.3 
thousand km2 would be spared from eutrophication under the COMBI efficiency scenario in 2030. 

In monetary terms, the value of avoided mortality due to additional energy efficiency impact 
actions deployed in 2030 would be 460 million EUR due to PM2.5 and 46 million EUR due to ground 
level ozone in the year 2030 for the EU-28. The value of avoided life expectancy loss would stand 
at 26 billion EUR in 2030 for the EU-28 – an incremental difference between the two scenarios of 
the year 2030. 

 

Keywords: energy efficiency, multiple benefits, co-benefits, air pollution, air quality, ecosystems, 
acidification, eutrophication, human health, public health, health, climate change, climate change 
mitigation, greenhouse gas emissions, European Union, low-carbon transition, decarbonisation, 
energy transition, green economy, low-carbon economy, impact pathway, cost-benefit analysis. 
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2 Background 

2.1 Project description  

The COMBI project aims at quantifying the multiple non-energy benefits of energy efficiency. It is 
coordinated by the Wuppertal Institute for Climate, Environment and Energy and implemented 
together with the research partners University of Antwerp, University of Manchester, Copenhagen 
Economics and ABUD/Advanced Buildings and Urban Design. The multiple benefits of energy 
efficiency are gaining relevance in the research and the current policy discourse, but scientific 
evidence is yet scarce and scattered. Therefore, this projects will gather existing approaches and 
evidence from the EU area, develop modelling approaches and come up with consolidated data on 
different benefits such as emissions (effects on health, ecosystems, crops, built environment), 
resources (biotic/abiotic, energy/non-energy), social welfare (disposable income, comfort, health), 
macroeconomy (labor market, public finance, GDP), and the energy system (grid, supply-side, 
energy security). All project outcomes will be available at an open-source online database and be 
analysable via a graphic online-visualisation tool for personalising the findings as to their 
geographic location and selected benefits. To this end, the development of an aggregation 
methodology is of central importance to avoid double-counting and presenting the various 
benefits on their various dimensions. Finally, insights for policy relevance will be derived and policy 
recommendations will be elaborated to facilitate the communication of the non-energy benefits in 
the relevant policy areas. In addition, the project is in touch with on-going processes of how to 
include multiple energy efficiency benefits into policy evaluation. 

2.2 Aim of this report 

Based on the literature reviews conducted for individual multiple impacts (MI), the second main 
step of the COMBI project is to develop a methodology to quantify and monetise MIs. The COMBI 
approach follows the additionality principle: Only additional effects (both energy and non-energy 
related impacts) relative to an action baseline are considered. To quantify impacts, a set of energy 
efficiency impact actions was defined (see D2.2 report). For these actions, energy saving 
potentials in the year 2030 have been developed reflecting official EU scenarios. This report 
includes methodology description and the actual quantification and monetization of multiple 
impacts using the COMBI scenarios that account for energy efficiency potentials. 

This report deals with the quantification and monetisation of air pollution impacts as a result of 
energy efficiency improvement (EEI) actions in residential and tertiary buildings, transport and 
industry. Human health impacts related to residential and tertiary building quality are discussed in 
COMBI report D5.4 and D5.4a. 

This report includes  

• Overview of different air pollution modeling approaches in Europe; 
• A proposal for monetisation of public health impacts related to avoided air pollution; 
• Results of air pollution impacts based on COMBI energy activity pathways for 2015 and 

2030; 
• Discussion and highlights for future research. 
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3 Scope of investigation  

3.1 Overview 

The COMBI air pollution literature review (D3.1) has described the main stages in the modelling of 
air pollution impacts via impact pathway approach (see chapter 3 in Mzavanadze, 2015). There are 
several modelling tools and approaches available to estimate air pollution impacts in the European 
context. They differ in sectors accounted, geographical scope, impact receptors accounted, 
complexity of modelling and resulting scientific uncertainty. The choice of modelling approach 
predetermines the outputs of research – air pollutants, receptors and types of impacts to be 
assessed. 

The COMBI project was planned to rely on existing modelling tools, to be precise – on ExternE 
approach; no new air pollution modelling from scratch had been planned. The methodological 
approach for estimation of air pollution impacts in COMBI project has been reconsidered with 
implications for research outputs.  

Two methodological options have been identified to assess the avoided air pollution impacts of 
energy efficiency improvement actions taking into account the sectors in the focus of this 
research – residential and tertiary buildings, transport and industry: 

• A generic approach that uses established country-, technology- and fuel-specific emission 
factors to calculate avoided air pollution emissions. Emission factors can be found in the 
EU emission inventory report to the Convention of Long Range Transboundary Air Pollu-
tion (LRTAP Convention) (European Environmental Agency, 2015). While monetisation of 
air pollution damage is facilitated by ExternE research project results and its newest fol-
low up projects (Holland & European Commission, 1995) that provide financial estimates 
of damage caused by a ton of a specific air pollutant on three receptors – human health, 
ecosystems and the built environment. This approach is used widely in cost-benefit anal-
yses in the absence of advanced modelling tools suitable for the geographical scope of 
assessment. This approach bears the highest scientific uncertainty of results because the 
economic damage estimates are usually country averages. Oftentimes there is not enough 
basis to select technology-specific emission factors and country averages are used in-
stead. Spatial distribution aspects of air pollution impacts are unavailable. To estimate the 
avoided air pollution impacts using this approach only requires the input data on the dif-
ference between the two energy activity pathways (or energy use scenarios).  

• GAINS air pollution and greenhouse gas model (Greenhouse Gas - Air Pollution Interactions 
and Synergies - GAINS model, 2017) is an advanced modelling tool that can be used to carry 
out assessments on the scale of EU-28 as well as for separate member states. GAINS 
model requires more detailed energy activity pathway data and can be used to increase 
the policy relevance of research results, to decrease scientific uncertainty, to provide an 
insight into the spatial distribution of avoided air pollution impacts and to offer a more 
nuanced view of the types of impacts. In contrast to the generic approach, GAINS requires 
detailed input data on the total energy use for all major air pollution and greenhouse gas 
emitting sectors and both scenarios in question. However, the list of receptors for which 
the impact of air pollution is assessed does not include the built environment.  
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In the light of the above-mentioned considerations, a change in the methodological approach has 
been proposed in favour of using the GAINS model for COMBI research purposes. This, however, 
unavoidably meant that the research outputs would not include the built environment as a 
receptor.  

3.2 Impact pathways 

The study of air pollution impacts of energy consumption in principle is possible via the lens of 
life-cycle analysis. Air pollution emissions happen at different stages of the energy extraction, 
transportation, processing and consumption stages (see Figure 1). All studies of relevance to 
COMBI limit their scope of research only to studying the end-use and/or transformation phase 
(e.g. electricity) -related avoided air pollution emissions and their impacts (Mzavanadze, 2015). 
Studying upstream or fugitive air pollution emissions is possible, but additional input components 
may be needed – type and origin of the energy carrier, extraction, processing and transportation 
technologies (European Environmental Agency, 2015; Fritsche & Rausch, 2009). For this reason, a 
life cycle approach may become too cumbersome especially with future projections of fuel origins. 
Furthermore, including the upstream air pollution emissions in the assessment would expand the 
geographical scope of COMBI beyond EU-28 as a large share of energy resources are imported 
from third countries. 

On the other hand, reduced energy resource imports may not necessarily mean reduced energy 
resource extraction rates in the origin country. According economic theory, reduced energy 
consumption in importing countries would in short-term translate in increased energy resource 
supplies in the international market which would lower their price on the global market and 
encourage more consumption. That in turn may reduce the incentives for energy efficiency and 
conservation and exacerbate policy action (arguments from COMBI meeting discussions).  

Therefore, life cycle assessment of avoided air pollution impacts, especially of the upstream 
stages, may neither be practical to assess, nor realistic to occur.  

Impact pathways have been constructed based on two sources – energy production chain as 
depicted in (Wilkinson, Smith, Joffe, & Haines, 2007) and air pollution impacts as depicted in 
(Guerreiro, Leeuw, Foltescu, Horálek, & European Environment Agency, 2014) (see Figure 1).  
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Figure 1: Impact pathways for avoided air pollution 

 
Sources: (Guerreiro et al., 2014; Wilkinson et al., 2007) 

The dotted boxes represent areas outside the scope of COMBI, the areas marked in dashed lines 
mean that some aspects of that stage of energy supply chain are included in the analysis and 
assessment and plain line indicate the areas that fall in the scope of COMBI. For instance, primary 
extraction impacts are out of the scope as mentioned above, e.g. extent of gas flaring in the 
location of oil and gas extraction. Some aspects of secondary energy processing and use may be 
unaccounted, especially, if they happen outside the geographical area of study. For instance, if 
electricity produced in thermal power stations is imported into the EU or if fuel processing 
happens outside the EU, these air pollution effects would remain unaccounted in COMBI. Built 
environment impacts are also out of the scope due to the methodological approach chosen. There 
are other tools that model ground level ozone formation and its impact on vegetation, but this 
impact is not modelled by GAINS (e.g. DO3SE model). 

3.3 Definition of impacts, end-points and metrics/indicators 

3.3.1 Avoided air pollution emissions 

Intermediary calculations of ancillary air pollution benefits of energy efficiency improvement 
actions involve estimating the quantities of avoided air pollution emissions of various pollutants 
and may be kept as an important sub-impact to inform the air pollution policies (for instance, the 
EUs National Emission Ceilings Directive). As the COMBI literature review (D3.1) has demonstrat-
ed, only a few studies complete the whole methodological chain of estimating the damage on air 
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pollution receptors; many studies are limited to estimations of the quantities of avoided air 
pollution emissions (Mzavanadze, 2015). Avoided air pollution emissions depend on the scale of 
energy savings, the fuel type saved, technology, air pollution control equipment. Depending on the 
GAINS model outputs as well as COMBI project specifics (focus on housing, industry and transport 
sectors, and not on agriculture for instance), this list of pollutants is selected: 

• Sulphur dioxide - SO2 
• Nitrogen oxides - NOx 
• Volatile organic compounds - VOCs 
• Particulate matter with a diameter of less than 10 μm - PM10 
• Particulate matter with a diameter of less than 2.5 μm - PM2.5 

Table 1: Emissions – Impacts, definitions and units 

Impact Definition Units 

Avoided emissions of an air pollutant (SO2, 

NOx, VOCs, PM10, PM2.5) 
Quantities of air pollution emissions that 
would have been emitted into the 
environment unless energy efficiency 
improvements actions had been taken. 

Tons 

   

3.3.2 Human health impacts 

Air pollution exposure contributes to the emergence and worsening of the respiratory and 
cardiovascular diseases. The impacts may be of acute and chronic nature depending on the types 
of exposure, length of exposure, genetic factors and other health conditions. Although all above 
mentioned pollutants have an impact on human health, GAINS models human health impacts of 
PM2.5 and ground level ozone. Both of these are secondary pollutants – pollutants that are formed 
in the atmosphere after the emission from the original source. Although PM2.5 can also be emitted 
as a primary pollutant (see the pollutant list above).   

Table 2: Human health – impacts, definitions and units 

Impact Definition Units 

Avoided premature deaths (PM2.5 and 
ground level ozone) 

Avoided premature deaths as a result of 
reduced air pollution emissions and 
improved air quality due to energy 
efficiency improvement actions. 

Number of deaths 

Avoided loss of life expectancy (only PM2.5) Avoided loss of life expectancy as a result 
of reduced air pollution emissions and 
improved air quality due to energy 
efficiency improvement actions. 

Years of life lost (YOLLs) 

   

3.3.3 Ecosystem impacts 

Air pollution exposure also impacts ecosystem health. GAINS models two types of ecosystem 
impacts – acidification due to sulphur deposition and eutrophication due to nitrogen deposition. 
Natural ecosystems have a buffer capacity to absorb these pollutants without significant damage; 
and different ecosystems have a different capacity. However, ecosystems suffer negative impacts 
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in case the critical loads are exceeded, such as reduced vegetation growth, changing properties of 
water bodies, changing soil mineral composition, reduction in agricultural harvests. 

Table 3: Ecosystem – Impacts, definitions and units 

Impact Definition Units 

Avoided acidification Total ecosystem area spared from 
acidification as a result of reduced sulphur 
deposition due to energy efficiency 
improvement actions. 

Square kilometers 
 

Avoided eutrophication Total ecosystem area spared from 
eutrophication as a result of reduced 
nitrogen deposition due to energy efficiency 
improvement actions. 

Square kilometers 
 

   

3.4 EEI actions relevant for air pollution impact end-points 

In principle, all energy efficiency improvement actions have implications for impacts of avoided air 
pollution (see COMBI report D2.2) and all have been accounted for in the results of this report. 

Table 4: Energy efficiency improvement actions considered in COMBI. 

# End-use energy efficiency action Considered in this work package 
Action 1 residential refurbishment of the building shell + space heating + ventilation + space cooling (air-conditioning) Yes 
Action 2 residential new dwellings Yes 
Action 3 residential lighting (all dwellings); Yes 
Action 4 residential cold appliances (all dwellings); Yes 
Action 5 non-residential refurbishment of building shell + space heating + ventilation + space cooling (air-

conditioning) 
Yes 

Action 6 non-residential new buildings Yes 
Action 7 non-residential lighting (all buildings) Yes 
Action 8 non-residential product cooling (all buildings) Yes 
Action 9 passenger transport – modal shift Yes 
Action 10 passenger transport – motorized two-wheelers Yes 
Action 11 passenger transport – car Yes 
Action 12 passenger transport – bus Yes 
Action 13 freight transport – modal shift Yes 
Action 14 freight transport – light duty truck (LDT) Yes 
Action 15 freight transport – heavy duty truck (HDT) Yes 
Action 16 industry (7 sectors) - high temperature process heating Yes 
Action 17 industry (7 sectors) -  low and medium temperature process heating Yes 
Action 18 industry (7 sectors) – process cooling Yes 
Action 19 industry (7 sectors) – specific process electricity Yes 
Action 20 industry (7 sectors) – motor drive Yes 
Action 21 industry (7 sectors) – HVAC in industrial buildings Yes 
   

4 Approach for impact quantification  

As discussed above (see chapter 3.1), the GAINS model has been employed to deliver the COMBI 
research outputs. The box below provides a short description of the model along with some of the 
COMBI scenario assumptions.  
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Box: The GAINS model 

GAINS model was launched by the International Institute for Applied Systems Analysis (IIASA) in 
2006 and is by far the most advanced tool for air pollution modelling on a national scale or 
regional scale (Europe, and other continents too). Its predecessor the RAINS model was launched 
in response to the need to facilitate science-policy interface for the LRTAP Convention signed in 
1979. Since then the GAINS model has helped to shape the European Union’s air quality policies 
and negotiations under the United Nations Framework Convention on Climate Change. Therefore, 
the GAINS model has been the preferred approach for air pollution co-benefit modelling in COMBI 
research. The GAINS model in its basic mode can be accessed on line; some of its basic features 
and main scenarios can be explored at http://gains.iiasa.ac.at/models/index.html  

The GAINS model encompasses a few layers of modelling: air pollution emission modelling, air 
pollution control modelling, dispersion, deposition and secondary air pollutant modelling, human 
health and ecosystem health impacts modelling and climate emissions modelling. The full chain of 
cause and effect methodology can be found in linked publications (Amann, 2012; Amann et al., 
2011). 

 

The research outputs results presented below (see chapter 5) represent the total anthropogenic 
burden of emissions of all major energy-using sectors and their associated impacts. These include 
sectors that are affected by the energy efficiency investment acceleration in efficiency scenario in 
2030 and sectors that are unaffected - the input data on energy activity levels for these sectors is 
the same under reference and efficiency scenarios in 2030.  

Energy use sectors that are subject to energy consumption changes due to accelerated energy 
efficiency investments in the 2030 efficiency scenario in COMBI project are  

• Domestic sector (residential and tertiary buildings); 
• Transport sector (road and railway; passenger and cargo); 
• Industry. 

Sectors that do not undergo energy consumption changes due to accelerated energy efficiency 
investments under the 2030 efficiency scenario are  

• Agricultural sector; 
• Aviation, shipping and other transportation.  

Where COMBI input data has been insufficient, the input data from the project EUCLIMIT 
(http://www.euclimit.eu/) has been used. This includes mainly data on specific means of 
transport: aviation, shipping, other transportation – energy use and vehicle numbers. 

In order to accommodate the impacts of air pollution as a result of electricity savings, the input 
data of the energy generation and primary energy supply for the COMBI 2030 Efficiency scenario 
has been customized to reflect a generally desirable trend in decarbonisation. The same 
assumption of energy system decarbonisation has been adopted as in the COMBI WP7: 

“…we assume that the shares in the power plant and CHP production mix of flow renewa-
bles (hydro, wind, PV, tide/wave/ocean, geothermal and solar thermal) and of nuclear re-
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main fixed throughout the scenarios in 2030, and that only the generation, and thus re-
quired capacities (MW) of the combustible fuel based plants) plants will change (decrease) 
as a result of the energy savings.” (Couder, J. & Verbruggen, A., 2017 p 34) 

In GAINS model, electricity produced but not consumed automatically translates into net exports. 
And vice versa – electricity demand that is larger than electricity production translates into net 
imports. Therefore, there needs to be a trade-off between electricity savings translating into 
reduced energy production (and therefore decarbonisation and lower air pollution emissions) and 
net exports or imports of electricity. It has been assumed that the split between decarbonisation 
effect and electricity trade balance would be 50%-50%. Decarbonization of the energy supply 
system would be proportional across all combustible fuel categories and decarbonisation rate 
calculated for each country separately using this formula: 

 

Decarbonisation rate = !"%!×!!"!#$!!"!#$%&!"#$!!"#$%&!!!"!!"#"
!"!#$!!"!#$%&#&$'!!"#$%&'$!!"#$!!"#$%&'($)*&!!"!!"#" 

 

Combustibles include all types of fossil fuels including biofuels and incinerated waste.  

Notable exceptions from this rule include two countries that already have a rather decarbonised 
electricity production system: Slovakia and France. A reduced 25% decarbonisation rate has been 
applied in these two exceptional cases.  

Finally, it is assumed that the current air pollution control policies are in force in 2015 and 2030.  

5 Quantification of air pollution co-benefits 

This chapter will follow the (D)-P-S-I-(R) framework for explaining the outcomes of research 
reconstructing the whole chain of events or impact pathways: Drivers-Pressures-State-Impact-
Response. The first two elements are emitted from analysis, therefore, - Pressures (emissions) – 
State (resulting pollutant concentrations and exposure) – Impacts (human health and ecosystem 
health). DPSIR framework are used often in environmental assessments by United Nations 
Environment Programme (UNEP), European Environmental Agency (EEA) and Organization for 
Economic Co-Operation and Development (OECD) (European Environmental Agency (EEA), 2016; 
Organisation for Economic Co-operation and Development (OECD), 2003; United Nations 
Environment Programme (UNEP) & International Institute for Sustainable Development (IISD), 
2007).  

5.1 Air pollution emissions 

Total annual primary pollutant emissions per country are presented in Table 5 for the baseline 
year 2015 and for two scenarios in 2030. These figures represent the total anthropogenic 
emissions from all major energy-using sectors in each member state of the EU, including sectors 
not accounted for by COMBI. The difference between the two scenarios in 2030 (see Table 6) can 
be attributed to the accelerated energy efficiency policy impact on air pollution – energy savings 
and decarbonisation of the energy supply system.  
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The dynamics between 2015 and the two different scenarios in 2030 vary greatly between 
countries. In most cases, air pollution emission levels decrease in 2030 in comparison to 2015, but 
there are exceptions. The exceptions happen due to fuel mix switches towards more pollution-
intensive fuels.   
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Table 5: Air pollutant emissions at baseline (in 2015) and under COMBI reference and efficiency scenarios in 2030 in the EU-28, thousands of tons per year.  

!!
SO2$ NOX$ VOCs$ PM10$ PM2.5$

2015$ 2030$REF$ 2030$EFF$ 2015$ 2030$REF$ 2030$EFF$ 2015$ 2030$REF$ 2030$EFF$ 2015$ 2030$REF$ 2030$EFF$ 2015$ 2030$REF$ 2030$EFF$

Austria$ 18.6 20.8 15.5 140.3 88.3 78.2 133.8 107.8 103.7 29.5 24.4 22.8 17.8 12.6 11.3 

Belgium$ 60.5 60.9 56.7 203.4 139.6 130.2 129.3 114.9 108.4 53.2 45 41.4 34.8 26 22.7 

Bulgaria$ 119.5 101.8 98 82.2 60.3 56.3 82.3 47.9 45.7 38.9 28.1 26.9 29.1 19.1 18.1 

Croatia$ 27.9 20.8 19.6 60.1 45 43.2 73.8 57.3 56 17.8 15.2 14.7 13 10.5 10 

Cyprus$ 14.5 2.8 2.4 13.7 7 6.6 7.3 7.3 6.9 2.2 1.6 1.6 1.5 1 1 

Czech$Republic$ 120 72.3 65.7 179.8 115.6 108.5 144.2 109.8 106.8 41.4 31.5 30.3 28.9 19.5 18.4 

Denmark$ 11.7 12 10 105.9 69.3 64.1 75.3 57.9 55.8 30.3 20.7 19.8 19.6 10.1 9.3 

Estonia$ 24.8 18.8 18.5 26.5 20.4 19.8 29.3 21 20.2 22 10.8 10.3 16.7 8.2 7.8 

Finland$ 59.3 58.2 51.4 157.2 121.7 110.8 85.1 60.6 57.7 38.3 32.3 30.5 27.5 21 19.5 

France$ 199.6 167.2 145.7 945.5 525.9 483.1 751.9 619.3 598.5 339.7 297.5 289.1 171.6 108.8 101.9 

Germany$ 374.9 319.5 290 1202.1 775.1 752.1 1000.8 863.6 846.1 190.7 159.1 152.2 112.4 83 77.9 

Greece$ 120.4 62.9 55.6 214.7 117.6 111.9 184.9 120.9 115.8 62.3 43.8 41.9 47.6 32.1 30.3 

Hungary$ 29.2 22.2 20.2 104.3 64.4 61.3 102.5 68.5 64.5 39.4 27.8 26.2 28.2 16.5 15.1 

Ireland$ 19.3 10.9 9.7 63.6 39 35.9 43.5 39.9 38.2 11.4 11.3 10.9 6.6 5.3 4.9 

Italy$ 201.3 186.9 171.4 810.6 519.5 479.3 913.4 720.8 690.6 207.5 141.7 131.2 160.5 95.2 86 

Latvia$ 6.1 7.3 6 36.5 25.9 23.6 39.8 26.5 25.2 23.2 12.3 11.1 19.6 9.1 8 

Lithuania$ 27.9 23.4 22 37.1 25.7 22.5 58.8 40.5 39.7 23.1 15 14 17.7 10.2 9.4 

Luxembourg$ 1.3 1.7 1.6 26.4 10.5 9.6 10.3 9.5 8.9 3.1 2.7 2.6 2.1 1.6 1.6 

Malta$ 2.6 0.5 0.5 4.7 2.3 2.1 3 3 3 0.5 0.4 0.4 0.3 0.2 0.2 

Netherlands$ 32.7 34.2 30.9 253.3 187.8 173.1 152.1 144.6 139.1 31 29.3 27.6 18 15.9 14.6 

Poland$ 605.3 404 377 655.6 433.4 410.7 478.3 317.2 304.2 288.4 201.6 191.8 223.6 139.1 130.2 

Portugal$ 58.4 56.3 53.2 161.5 112.1 101 162.8 142.8 138.2 64.1 56.7 56 43.8 36 35.3 

Romania$ 182 92.3 85.2 198.5 127.1 120.7 249.1 149.3 146.1 132.4 95.4 92.2 101.1 66.2 63.5 

Slovak$Republic$ 37.3 31 27.6 72.5 52.7 47.4 51.4 45.7 44.3 21 17.8 16.6 12.8 10.4 9.4 

Slovenia$ 8.5 8.3 6.8 31.8 20 17.9 36.6 26.1 24.3 14.3 7.9 7.2 12.3 6 5.4 

Spain$ 255 239.4 218.5 726.6 448.5 416.7 714.4 638.7 626.8 182.3 173.9 171.7 121.1 106.8 105.1 

Sweden$ 32.9 33.4 29 147.2 90 82.8 167.8 126.4 121.6 41.9 39.7 36.8 28 24.7 22.2 

United$Kingdom$ 358.8 189.6 159.8 887.5 477.3 435.7 727 699.1 680.1 114.4 126.7 114.1 67.3 76.6 67.1 

EUS28$ 3010.3 2259.4 2048.5 7549.1 4722 4405.1 6608.8 5386.9 5216.4 2064.3 1670.2 1591.9 1383.5 971.7 906.2 

Source: (Greenhouse Gas - Air Pollution Interactions and Synergies - GAINS model, 2017) 
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Table 6: Avoided air pollution emissions in 2030 – difference between COMBI reference and efficiency scenarios, thousands of tons 
per year. 

 SO2 NOx VOCs PM10 PM2.5 

Austria 5.3 10.1 4.1 1.6 1.3 

Belgium 4.2 9.4 6.5 3.6 3.3 

Bulgaria 3.8 4 2.2 1.2 1 

Croatia 1.2 1.8 1.3 0.5 0.5 

Cyprus 0.4 0.4 0.4 0 0 

Czech Republic 6.6 7.1 3 1.2 1.1 

Denmark 2 5.2 2.1 0.9 0.8 

Estonia 0.3 0.6 0.8 0.5 0.4 

Finland 6.8 10.9 2.9 1.8 1.5 

France 21.5 42.8 20.8 8.4 6.9 

Germany 29.5 23 17.5 6.9 5.1 

Greece 7.3 5.7 5.1 1.9 1.8 

Hungary 2 3.1 4 1.6 1.4 

Ireland 1.2 3.1 1.7 0.4 0.4 

Italy 15.5 40.2 30.2 10.5 9.2 

Latvia 1.3 2.3 1.3 1.2 1.1 

Lithuania 1.4 3.2 0.8 1 0.8 

Luxembourg 0.1 0.9 0.6 0.1 0 

Malta 0 0.2 0 0 0 

Netherlands 3.3 14.7 5.5 1.7 1.3 

Poland 27 22.7 13 9.8 8.9 

Portugal 3.1 11.1 4.6 0.7 0.7 

Romania 7.1 6.4 3.2 3.2 2.7 

Slovak Republic 3.4 5.3 1.4 1.2 1 

Slovenia 1.5 2.1 1.8 0.7 0.6 

Spain 20.9 31.8 11.9 2.2 1.7 

Sweden 4.4 7.2 4.8 2.9 2.5 

United Kingdom 29.8 41.6 19 12.6 9.5 

EU-28 210.9 316.9 170.5 78.3 65.5 

Source: (Greenhouse Gas - Air Pollution Interactions and Synergies - GAINS model, 2017) 
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Overall, it is evident that the difference between 2015 and both scenarios in 2030 is larger than 
the difference between reference and efficiency scenario in 2030 (see Table 5). The changes in 
fuel mix are responsible for a large share of the changes happening between 2015 and 2030. 
However, this is not to downplay the importance of energy efficiency. COMBI reference scenario 
already assumes a baseline level of energy efficiency investments – COMBI reference scenario is 
not a no policy scenario, but in line with the current energy efficiency legislation. COMBI efficiency 
scenario assumes a more ambitious energy efficiency investment strategy and delivers additional 
incremental co-benefits to the health of humans and ecosystems. The initial idea of COMBI was to 
capture these additional co-benefits. 

Although the estimates vary from country to country, on the EU-28 level SO2 emissions would be 
25% smaller in 2030 than in 2015 and a more ambitious energy efficiency policy could deliver 
another 7% (or 210.9 thousand tons) reduction in annual air emission reductions. The respective 
estimates for NOX stand at 37% and 5% (or 316.9 thousand tons) in additional reductions; for VOCs 
– 18% and 3% (170.5 thousand tons) in additional reductions; for PM10 -19% and 4% (or 78.3 
thousand tons); and for PM2.5 – 30% and 4% (or 65.5% thousand tons) in additional reductions.  

5.2 Air pollution concentrations 

Continuing the cause and effect chain, air pollution emissions translate into air pollution 
concentrations influenced by various dispersion factors, such as the height of emission stack, 
climatic conditions such as sunlight (important factor for ground level ozone formation), the speed 
and direction of prevailing winds, elements of geography (e.g. valleys, mountains versus plains), 
density of pollution sources. The concentrations of secondary pollutants – PM2.5 and ground level 
ozone – for baseline and scenario projections are portrayed in Figure 2 and Figure 3. The data for 
non-EU countries has been borrowed from the EUCLIMIT project (http://www.euclimit.eu/). 

Just as in the case of total pollution emissions, a much larger difference in air pollution 
concentrations is seen between the year 2015 and the two 2030 scenarios than between the 
COMBI reference and efficiency scenarios in 2030 for the same reasons (see 5.1). The marginal 
differences between the scenarios can be traced comparing the shapes of the colour markings on 
the maps (see Figure 2 and Figure 3).  

The highest ambient PM2.5 concentrations in 2015 in the EU-28 territory are concentrated in and 
around the regions of Northern Italy, Benelux countries, the Carpathian basin, Poland and 
southern Romania.  

Sunlight is a key facilitator in the photochemical reaction of ground level ozone formation, 
therefore, the exposure and concentration indicator SOMO35 maps the south of Europe as the 
most affected region. Most affected countries in 2015 are Italy, Greece, Spain, southern France, 
southern Germany, Bulgaria, Romania, Croatia, Cyprus, Malta, Slovenia, Hungary, Slovakia.  

Table 7 presents data on population weighted PM2.5 exposure at COMBI baseline and for the two 
COMBI scenarios. Highest population weighted concentrations of PM2.5 in 2015 are found in 
Greece, Italy and Poland exceeding 14 µg/m3. The lowest, on the other end, are encountered in 
Ireland (3.75 µg/m3) and Sweden (4.27 µg/m3).  
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The largest absolute decreases in air pollution concentrations comparing baseline in 2015 and 
COMBI reference scenario in 2030 were to be found in countries, where air pollution concentration 
at baseline was the highest – Greece, Italy, Poland (see Table 7). Population weighted PM2.5 
exposure decreased by over 4 µg/m3 in Greece and Italy, and by 3.91 µg/m3 in Poland. Cyprus was 
the only country that recorded a slight increase in population weighted PM2.5 exposure (most likely 
due to changing fuel mix in the energy supply sector). Otherwise, the smallest absolute decreases 
were found to be in Sweden (0.46 µg/m3), Malta (0.63 µg/m3), Ireland (0.7 µg/m3), and Finland 
(0.65 µg/m3).  

The biggest absolute difference in population weighted PM2.5 exposure between the two COMBI 
scenarios in 2030 was found in Belgium (0.74 µg/m3), Italy (0.66 µg/m3), Greece (0.47 µg/m3), 
Luxembourg (0.39 µg/m3), Netherlands (0.48 µg/m3) and Poland (0.45 µg/m3) (see Table 7).   
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Figure 2: Ambient PM2.5 concentrations at COMBI baseline in 2015 and under reference and efficiency scenarios in 2030. 

 

 
Source: (Greenhouse Gas - Air Pollution Interactions and Synergies - GAINS model, 2017)  
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Figure 3: Exposure to ground level ozone in the EU-28 at COMBI baseline in 2015 and under COMBI reference and efficiency 
scenarios in 2030, SOMO351.  

 

Source: (Greenhouse Gas - Air Pollution Interactions and Synergies - GAINS model, 2017)  

                                                             
1 Sum of the daily maximum 8-hour ozone concentrations exceeding a threshold of35 ppb (70 µg/m3).  
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Table 7: Population weighted PM2.5 exposure, (µg/m3)  

 2015 2030 REF 2030 EFF 2015-2030 REF 2030 REF - 2030 EFF 

Austria 9.04% 6.98% 6.59% 2.06 0.39 

Belgium 12.54% 10.26% 9.52% 2.28 0.74 

Bulgaria 10.45% 7.75% 7.55% 2.70 0.20 

Croatia 9.97% 7.34% 7.10% 2.62 0.25 

Cyprus 9.97% 10.09% 10.06% -0.12 0.03 

Czech Republic 10.60% 8.10% 7.77% 2.50 0.34 

Denmark 6.22% 4.86% 4.64% 1.36 0.22 

Estonia 5.94% 4.99% 4.87% 0.95 0.12 

Finland 5.36% 4.72% 4.56% 0.65 0.16 

France 8.98% 6.71% 6.36% 2.26 0.36 

Germany 9.71% 7.99% 7.61% 1.72 0.39 

Greece 14.58% 10.04% 9.57% 4.53 0.47 

Hungary 11.47% 8.31% 7.98% 3.16 0.33 

Ireland 3.75% 3.05% 2.94% 0.70 0.11 

Italy 14.10% 9.85% 9.19% 4.26 0.66 

Latvia 7.65% 6.06% 5.81% 1.60 0.25 

Lithuania 8.30% 6.85% 6.63% 1.45 0.22 

Luxembourg 9.95% 8.07% 7.68% 1.88 0.39 

Malta 5.68% 5.05% 4.93% 0.63 0.12 

Netherlands 9.63% 8.10% 7.62% 1.54 0.48 

Poland 14.70% 10.80% 10.34% 3.91 0.45 

Portugal 7.09% 5.90% 5.73% 1.19 0.17 

Romania 12.40% 8.77% 8.51% 3.63 0.26 

Slovak Republic 9.79% 7.72% 7.42% 2.06 0.30 

Slovenia 11.43% 8.03% 7.57% 3.40 0.46 

Spain 7.29% 6.16% 5.97% 1.13 0.18 

Sweden 4.27% 3.81% 3.67% 0.46 0.14 

United Kingdom 6.43% 5.28% 4.90% 1.15 0.37 

Source: (Greenhouse Gas - Air Pollution Interactions and Synergies - GAINS model, 2017) 
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5.3 Air pollution impacts 

Dispersed air pollutant emissions (chapter 5.1) lead to air pollutant concentrations (chapter 5.2) in 
specific locations. Exposure to air pollutants may lead to acute effects (deaths, hospitalizations) 
and chronic effects (long term development of respiratory or cardiovascular diseases). Table 8 
presents impacts of air pollution – number of premature deaths due to PM2.5 and ground level 
ozone exposure and number of years of life lost (YOLLs) due to PM2.5 exposure.  

In 2015 around 285 000 premature deaths could be attributed to exposure to PM2.5 in the EU-28 
and around 21 000 premature deaths could be attributed to exposure to ground level ozone (see 
Table 8). In 2030 the numbers of premature deaths stand at around 219 000 due to PM2.5 and at 
around 17 000 due to ground level ozone – a 23% decrease in the number of deaths compared to 
2015 for PM2.5 and 18% decrease for ground level ozone. A further 4% decrease in premature 
mortality due to PM2.5 could be achieved in 2030 under COMBI efficiency scenario and an 
additional 2% decrease in premature mortality due to ground level ozone. The difference between 
the COMBI scenarios in 2030 stands at 10 805 deaths due to PM2.5 exposure and 442 deaths due 
to ground level ozone exposure in 2030 for the whole of the EU-28.  

Life expectancy loss to the surviving population due to PM2.5 exposure in the year 2015 alone 
stood at around 6 million YOLLs for the whole of the EU (see Table 8). In 2030 this figure would 
decrease to 4.6 million YOLLs due to business as usual energy efficiency policies and fuel mix 
changes in the energy supply sector. COMBI energy efficiency scenario in the year 2030 would 
lead to additional avoided 230 226 YOLLs for the whole of the EU-28.  

The life expectancy loss per person differs from region to region (see Figure 4). The largest life 
expectancy losses per person for 2015 are projected for Northern Italy, Benelux countries, the 
Visegrad countries and Carpathian region. In pollution hot spots on average 1 year of lifetime may 
be lost per person on average due to PM2.5 exposure. Just as explained before (see 5.1 and 5.2), 
the difference between the scenarios in 2030 is marginal, but visible. 

Finally, Table 9 presents the air pollution impacts on ecosystems – the extent of acidification and 
eutrophication in EU-28. These figures represent a conservative estimate of the impacts as the 
GAINS model does not have input data on critical loads for all areas of European ecosystems 
(Greenhouse Gas - Air Pollution Interactions and Synergies - GAINS model, 2017). Where deposition of 
sulphur and nitrogen exceed the critical loads (depending on the ecosystem type), this area is 
considered to be affected by harmful levels of acidification and eutrophication, beyond which 
ecosystems are not able to maintain their natural resilience and recover. Overall 4.4 thousand 
square kilometres could be spared from acidification in 2030 under a more ambitious energy 
efficiency scenario, and over 13.3 thousand square kilometres could be spared from eutrophica-
tion in 2030 in the EU-28.  
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Table 8: Air pollution impacts on human health at COMBI baseline in 2015 and under COMBI reference and efficiency scenarios in 2030 in EU-28.  

  Premature mortality due to PM2.5 in 2030 Premature mortality due to ground level ozone in 2030 
Life expectancy lost due to PM2.5 exposure to the surviving 

population in 2030, YOLL 
  2015 2030 REF 2030 EFF Incremental 2015 2030 REF 2030 EFF Incremental 2015 2030 REF 2030 EFF Incremental 
Austria 3958 3054 2883 171 396 311 301 10 88000 67907 64093 3814 

Belgium 7393 6049 5612 437 310 261 254 7 163986 134179 124469 9710 

Bulgaria 6912 5127 4992 135 635 512 500 12 95665 70963 69106 1858 

Croatia 2994 2206 2132 74 290 219 211 8 53621 39509 38178 1332 

Cyprus 418 423 422 1 43 40 40 0 14757 14946 14892 54 

Czech Republic 6436 4916 4713 203 459 366 356 10 142165 108589 104112 4477 

Denmark 2033 1588 1516 72 147 125 122 3 44867 35036 33446 1590 

Estonia 566 476 464 12 33 28 27 1 10749 9034 8816 217 

Finland 1549 1363 1317 46 83 70 69 1 35354 31108 30071 1038 

France 27648 20674 19582 1092 2053 1652 1606 46 692976 518195 490805 27390 

Germany 47832 39357 37457 1900 3285 2705 2641 64 871264 716885 682266 34619 

Greece 9465 6521 6217 304 727 610 600 10 194977 134332 128088 6244 

Hungary 8873 6430 6172 258 681 525 508 17 155120 112404 107885 4519 

Ireland 603 491 472 19 53 48 48 0 23159 18846 18159 687 

Italy 47644 33263 31040 2223 4474 3584 3471 113 913681 637894 595255 42639 

Latvia 1403 1111 1066 45 75 63 62 1 22717 17986 17237 749 

Lithuania 2141 1767 1710 57 120 101 99 2 36815 30375 29391 984 

Luxembourg 226 183 174 9 15 12 11 1 6718 5445 5191 254 

Malta 111 98 96 2 21 18 17 1 2951 2610 2561 49 

Netherlands 7533 6332 5960 372 387 332 324 8 188373 158325 149033 9292 

Poland 31944 23459 22473 986 1416 1140 1111 29 783232 575202 551035 24167 

Portugal 4372 3640 3535 105 469 408 399 9 87379 72759 70644 2115 

Romania 18193 12873 12487 386 1293 1031 1007 24 349756 247488 240073 7415 

Slovak Republic 2984 2355 2263 92 255 199 192 7 74846 59077 56769 2308 

Slovenia 1235 867 818 49 110 85 81 4 28392 19929 18794 1135 

Spain 16864 14247 13821 426 1769 1519 1486 33 391773 330969 321087 9882 

Sweden 2299 2053 1978 75 202 170 166 4 48582 43399 41809 1589 

United Kingdom 21552 17694 16440 1254 1257 1154 1137 17 517450 424800 394700 30100 

EU-28 total 285181 218617 207812 10805 21058 17288 16846 442 6039325 4638190 4407964 230226 
Source: (Greenhouse Gas - Air Pollution Interactions and Synergies - GAINS model, 2017) 
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Figure 4: Life expectancy loss due to exposure to PM2.5 in the EU-28 at COMBI baseline in 2015 and under COMBI reference and 

efficiency scenarios in 2030.  

 

Source: (Greenhouse Gas - Air Pollution Interactions and Synergies - GAINS model, 2017)  
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Table 9: Total ecosystem area receiving sulphur and nitrogen deposition in excess of critical loads in the EU-28 at COMBI baseline 
in 2015 and under COMBI reference and efficiency scenarios in 2030, thousand km2. 

  Area affected by acidification, thousand km2 Area affected by eutrophication, thousand km2 

  2015 2030 REF 2030 EFF Incremental  2015 2030 REF 2030 EFF Incremental 

Austria 0 0 0 0 28.3 21.5 20 1.5 

Belgium 0 0 0 0 0.1 0 0 0 

Bulgaria 0 0 0 0 49.4 46.1 45.9 0.2 

Croatia 1.2 0.7 0.6 0.1 30.5 29.3 29.2 0.1 

Cyprus 0 0 0 0 1.6 1.6 1.6 0 
Czech 
Republic 1.5 0.7 0.7 0 7 7 6.8 0.2 

Denmark 0.1 0 0 0 4.6 4.5 4.5 0 

Estonia 0 0 0 0 18.6 11.8 10.7 1.1 

Finland 0.1 0.1 0.1 0 0.9 0.4 0.4 0 

France 8.1 4.2 3.6 0.6 145.2 121.2 119.5 1.7 

Germany 31.2 26.6 25.7 0.9 65.7 58.5 57.5 1 

Greece 0.3 0.1 0.1 0 64.9 60.7 60.2 0.5 

Hungary 1.4 0.8 0.8 0 26.5 24.3 23.9 0.4 

Ireland 0 0 0 0 47.9 46.7 46.6 0.1 

Italy 0.1 0.1 0.1 0 62.4 49.2 47.1 2.1 

Latvia 1.4 0.7 0.7 0 35.6 33.8 33.3 0.5 

Lithuania 6 5.6 5.5 0.1 20.9 20.8 20.7 0.1 

Luxembourg 0.2 0.1 0.1 0 1.2 1.2 1.2 0 

Malta 0 0 0 0 0 0 0 0 

Netherlands 3.1 3.1 3 0.1 4 3.9 3.9 0 

Poland 21 11.7 10.6 1.1 59.4 52.6 51.9 0.7 

Portugal 0.1 0.1 0.1 0 36.6 35.7 35.3 0.4 

Romania 0.5 0.1 0.1 0 102.2 99.3 98.8 0.5 
Slovak 
Republic 1.2 0.4 0.3 0.1 23.2 21.8 21.8 0 

Slovenia 0 0 0 0 13.3 12.8 12.7 0.1 

Spain 0.1 0 0 0 226.6 223.6 222.7 0.9 

Sweden 22.1 16.5 15.4 1.1 36.8 30.1 29.3 0.8 
United 
Kingdom 3.7 1.9 1.6 0.3 8.5 5.7 5.3 0.4 

EU-28 total 103.4 73.5 69.1 4.4 1121.9 1024.1 1010.8 13.3 
Source: (Greenhouse Gas - Air Pollution Interactions and Synergies - GAINS model, 2017) 
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6 Monetisation approaches 

Air pollution co-benefits share the main receptor with the social welfare co-benefits – human 
health (see COMBI report 5.4). Therefore, monetisation methodology should be in line with the 
social welfare monetisation methodology. 

It is proposed to monetise only human health impacts, as they come in the form/units that are 
standardized and universally applied in the literature and therefore, the economic value estimates 
are easier to match (in contrast to ecosystem impacts).  

Monetisation for the three outlined human health impacts is outlined below: 

• Avoided premature mortality due to PM2.5 exposure. Because the average life expectancy 
lost per person is known in the case PM2.5 for 2015, it would be possible to roughly match 
the economic value of the life expectancy lost. However, this would represent a very con-
servative estimate on the lower bound as the life expectancy loss numbers are for 2015 
and air pollution exposures in general have been on a decline in that last few decades 
(Amann et al., 2011). The monetisation equation would look like this 

 

∆!"#$#%&"!!"#$% = ∆!"#$%&'"#!!"#$ℎ!×!"#$%&#!!"##!!"!!"#$!!"#!$%&'$(!!"#!!"#$%"×!"#$ 

 

where VOLY is Value of a Life Year. 

• Avoided premature mortality due to ground level ozone exposure. Because the average 
life expectancy lost per person is not known in the case of ground level ozone exposure, it 
is assumed that the number of people affected would have lived at least one more year – 
therefore, a full value of VOLY attributed.  

• Avoided life expectancy loss to the surviving population due to PM2.5 exposure. Years of 
life lost (YOLLs) can be straightforwardly monetised via VOLYs as 1 YOLL=1 VOLY.   

  

See the COMBI final report D5.4 for specifics of VOLY values used in monetisation. The same 
values have been applied in this report for consistency. 

Overall, for the EU-28 the economic value of avoided premature mortality due to exposure to 
PM2.5 in 2030 is 460 million EUR, the economic value of avoided premature mortality due to 
exposure to ground level ozone – 46 million EUR, and the economic value of life expectancy loss 
to the surviving population in 2030 is 26 billion EUR (see Table 10).  
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Table 10: Monetisation of avoided premature mortality and avoided YOLLs due to air pollution exposure in 2030 – a difference 
between COMBI reference and COMBI efficiency scenarios using customized VOLY (2015) values for each member state. 

  

Avoided 
premature 

mortality due 
to PM2.5 in 

2030, number 
of cases 

Economic value 
of avoided 
premature 
mortality, 

million EUR 

Avoided 
premature 

mortality due to 
ground level 

ozone in 2030, 
number of 

cases 

Economic value 
of avoided 
premature 
mortality, 

million EUR 

Avoided life 
expectancy loss 
due to PM2.5 to 
the surviving 
population in 
2030, YOLLs 

Economic 
value of 

YOLLs, billion 
EUR 

Austria 171 9.45 10 1.66 3814 0.632 

Belgium 437 33.11 7 1.10 9710 1.522 

Bulgaria 135 0.85 12 0.19 1858 0.029 

Croatia 74 1.04 8 0.30 1332 0.050 

Cyprus 1 0.04 0 0.00 54 0.005 

Czech Republic 203 4.70 10 0.57 4477 0.254 

Denmark 72 4.19 3 0.70 1590 0.370 

Estonia 12 0.16 1 0.05 217 0.010 

Finland 46 1.89 1 0.17 1038 0.176 

France 1092 51.84 46 6.72 27390 4.001 

Germany 1900 107.95 64 9.49 34619 5.131 

Greece 304 10.71 10 0.72 6244 0.447 

Hungary 258 4.05 17 0.59 4519 0.158 

Ireland 19 0.60 0 0.00 687 0.145 

Italy 2223 112.63 113 12.72 42639 4.801 

Latvia 45 0.54 1 0.04 749 0.028 

Lithuania 57 0.77 2 0.07 984 0.035 

Luxembourg 9 1.27 1 0.34 254 0.088 

Malta 2 0.03 1 0.07 49 0.003 

Netherlands 372 24.95 8 1.40 9292 1.626 

Poland 986 18.74 29 0.96 24167 0.799 

Portugal 105 1.98 9 0.58 2115 0.137 

Romania 386 3.68 24 0.50 7415 0.154 
Slovak 
Republic 92 1.78 7 0.33 2308 0.109 

Slovenia 49 1.36 4 0.28 1135 0.079 

Spain 426 11.90 33 3.16 9882 0.946 

Sweden 75 2.89 4 0.84 1589 0.334 
United 
Kingdom 1254 46.72 17 2.45 30100 4.341 

EU-28 total 10805 459.83 442 45.99 230226 26.41 
Sources: (Greenhouse Gas - Air Pollution Interactions and Synergies - GAINS model, 2017) 
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7 Conclusions and outlook 

The main objective of the COMBI project (Calculating and Operationalizing the Multiple Benefits of 
Energy Efficiency in Europe) was to capture the multiple impacts of energy efficiency while using 
the same energy activity data in various fields of research and policy: air pollution, resource 
efficiency, social welfare, economy and energy security. This report presents air pollution impacts 
on public health and ecosystem health as a result of energy efficiency interventions. Energy 
poverty-related human health impacts have been explored in COMBI report 5.4.  

Background. Although significant air quality improvements have been achieved in the last 
decades in Europe, air pollution is still the single largest environmental threat to human health in 
Europe. Nearly all EU-28 urban population was exposed to harmful air pollution levels of PM2.5 and 
ground level ozone in 2013-2015 (European Environmental Agency (EEA), 2017) according to 
World Health Organization standards. Fossil fuels are the main primary energy source; fossil fuel 
combustion causes both – climate change and air pollution. Therefore, climate change mitigation 
policies are likely to have implications for air pollution policies and vice versa. In COMBI the 
potential of energy efficiency improvement actions is studied in delivering air pollution co-benefits 
stemming from the sectors of residential and tertiary housing, transport and industry. Air pollution 
affects negatively human health causing acute and chronic effects and ecosystem health causing 
acidification and eutrophication.  

Methods. GAINS model (Greenhouse Gas - Air Pollution Interactions and Synergies model) was 
used to quantify the extent of air pollution damage in 2015 and 2030, and the avoided extent of 
air pollution damage in 2030 due to accelerated energy efficiency interventions (COMBI efficiency 
scenario). Estimated impacts in this report include (1) total annual air pollutant emissions; (2) 
premature deaths and life expectancy loss due to air pollution exposure (mortality effects only) 
and (3) ecosystem area exposed to excess acidification and eutrophication. Monetisation is carried 
out only for human health impacts using the estimates of value of a human life year (VOLY).  

Baseline. In 2015 the EU-28 as a whole emitted around 3 million tons of sulphur dioxide (SO2), 7.5 
million tons of nitrogen oxides (NOx), 6.6 million tons of volatile organic compounds (VOCs), 2 
million tons of particulate matter with a diameter of less than 10 µm (PM10) and 1.4 million tons of 
particulate matter with a diameter of less than 2.5 µm (PM2.5). As a result around 285 000 
premature deaths could be attributed to PM2.5 exposure and around 21 000 premature deaths due 
to ground level ozone exposure in 2015 in the EU-28. PM2.5 exposure in 2015 alone has caused a 
loss of life expectancy of around 6 million YOLLs to the surviving EU-28 population. These figures 
represent only a partial view of air pollution damage on human health, because GAINS model does 
not quantify morbidity effects. 103.4 thousands of km2 of ecosystem area were exposed to excess 
acidification pressures and 1 122 thousands of km2  - to excess eutrophication. These figures also 
represent an incomplete view of total damages as not all European ecosystems have been 
surveyed for their buffer capacities to the pressures of excess sulphur and nitrogen deposition.  

Projections for 2030. Two scenario projections have been considered in COMBI for the year 2030 
– reference and efficiency. Both scenarios assume energy efficiency technology deployment in 
residential and tertiary housing, transport and industry sectors, but their adoption speeds are 
different. The starting point of the fuel mix of the energy supply system in 2030 is the same, 
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however, electricity savings due to energy efficiency are transformed into net electricity trade 
balance and decarbonisation of energy supply system (a proportional decrease of combustibles). 
Therefore, the incremental differences between the two scenarios reflect not only end-use energy 
efficiency savings, but also a proportional decarbonisation of the centralized energy supply 
system.  

Emissions. Energy demand changes, fuel mix changes and business as usual energy efficiency 
adoption pace (COMBI reference scenario) between 2015 and 2030 would deliver the following 
total air pollution emission reductions for the EU-28: 25% reduction in SO2 emissions, 37% 
reduction in NOx emissions, 18% reduction in VOCs emissions, 19% reduction in PM10 emissions 
and 30% reduction in PM2.5 emissions. An accelerated energy efficiency technologies adoption rate 
in building, transport and industry sectors under COMBI efficiency scenario would bring the 
following additional reductions in total air pollutant emissions: 7% for SO2, 5% for NOx, 3% for VOCs, 
4% in PM10 and 4% in PM2.5 compared to 2015.  

Health impacts. Air pollution reductions above translate into improved air quality and reduced 
pressures on human and ecosystem health. Premature deaths due to exposure to PM2.5 would 
decrease by 23% between 2015 and 2030 in the EU-28, or by 66 564 avoided premature deaths in 
2030 compared to 2015. Premature deaths due to ground level ozone exposure would decrease 
by 18% during the same period in the EU-28 and that would constitute 3 770 avoided premature 
deaths. Life expectancy loss due to PM2.5 exposure in the year 2030 would be reduced by 1.4 
million YOLLs or 23% below the figure in 2015. 

In case of the COMBI efficiency scenario where the adoption rate of energy efficiency technologies 
is increased, the human health co-benefits – or avoided damage to human health – would be 
reduced further. Additional 10 805 premature deaths would be avoided in the year 2030 alone due 
to reduced exposure to PM2.5 in the EU-28 (a further reduction of 4% from the 2015 figure) and 
additional 442 deaths would be avoided due to a reduced exposure to ground level ozone (a 
further reduction of 2% from the 2015 figure). Life expectancy loss due to PM2.5 exposure in the 
year 2030 would be further reduced by additional 230 226 YOLLs or by additional 4% below the 
figure in 2015. 

Ecosystem impacts. Under COMBI reference scenario in 2030 73.5 thousand km2 remain exposed 
to excess deposition of sulphur (a reduction of 30% from 2015) and 1 024 thousand km2 remain 
exposed to excess deposition of nitrogen (a reduction of 9% from 2015). Additional 4.4 thousand 
km2 would de spared from acidification and additional 13.3 thousand km2 would be spared from 
eutrophication under the COMBI efficiency scenario in 2030 – an additional reduction of 4% and 1% 
respectively.  

In monetary terms, the value of avoided mortality due to additional energy efficiency impact 
actions deployed in 2030 would be 460 million EUR due to PM2.5 and 46 million EUR due to ground 
level ozone in the year 2030 for the EU-28. The value of avoided life expectancy loss would stand 
at 26 billion EUR in 2030 for the EU-28 – an incremental difference between the two scenarios of 
the year 2030. 
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Discussion and outlook 
• It is important to emphasize that this research attempted to estimate the impact of the 

additional energy efficiency improvement actions in 2030, not the total avoided damages 
due to all energy efficiency measures in 2030. The reason for this is that the COMBI 2030 
reference scenario already includes business as usual deployment of energy efficiency 
improvement actions in buildings, transport and industry sectors under a current policies 
scenario.  

• The avoided damages maybe quite different, if the avoided air pollution emissions are not 
distributed proportionately across a nation state, especially with regard to mobile air pol-
lution sources, but concentrated in one area. GAINS model operates on a national and re-
gional scale only. Repeating the same exercise at the local scale may bring on board the 
local authorities that are currently the lowest responsible governance level in charge of air 
quality in the EU.  

• Although rebound effect is included in COMBI 2030 scenarios, the extent of direct and 
indirect rebound effect is, of course, debatable and air pollution co-benefits directly de-
pend on how big the rebound effect is and where exactly it occurs.  

• The impacts quantified in this report represent a conservative measure of air pollution 
damage and avoided air pollution damage. Only mortality effects are quantified by GAINS 
model, morbidity is not.  

• Monetisation in this study is carried out only using estimates of the value of a human life, 
not the actual market values of productivity loss, costs of hospitalization, medication and 
medical care. Full damage accounting should include all these categories. In the current 
form, COMBI results thus present a conservative estimate of economic loss to the society 
due to air pollution. 

• Additional limitations and uncertainties remain with the GAINS model itself. 
• Other public health impacts in relation to the quality of residential housing have been 

explored in COMBI report D5.4. 
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