
  With current technologies, trends and policy measures, 
there will be a decrease in annual mortalities attributable 
to air pollution of PM2.5 in 2050.

  European Union Member States show very different levels 
of air pollution related health impacts due to differences in 
emissions and demographics.

  Action to reduce greenhouse gas (GHG) emissions and 
improve air quality are mutually reinforcing in most cases. 
There are significant benefits of deeper decarbonisation 
ambition that can lead to even greater reductions to air 
pollution impacts.

  Reducing air pollution has a direct effect on improving 
human health in the EU and it is not dependent on choices 
made in the rest of the world.

  Policy makers can intensify and accelerate improvements 

in air pollution with ambitious decarbonisation policies 

that lead to lifestyle and technological changes.

  Different sectoral contributions and demographics mean 

that Member States should carefully evaluate the most 

appropriate policies for their citizens.

  The EUCalc model allows policy makers and politicians 

to evaluate the air pollution impacts of different climate 

change mitigation strategies in different sectors. This 

provide insights on synergies and possible tensions between 

solutions for climate change mitigation (decarbonisation) 

and health impacts.
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The EUCalc model and the Transition Pathways Explorer
The EUCalc model user interface - the Transition Pathways Explorer - is a tool that allows users to build a pathway 
to a net-zero carbon future at European and Member State level. Its scientific mission is to provide a sophisticated, 
yet accessible, model to fill the gap between integrated climate-energy-economy models and the practical needs of 
decision-makers. The model relates emission reduction with human lifestyles, the exploitation and/or conservation of 
natural resources, job creation, energy production, agriculture, costs, etc. in one highly integrative approach and tool 
which enables decision-makers to get real-time policy support underpinned by comprehensive trade-off analyses.

Politicians, innovators and investors can use the EUCalc Transition Pathways Explorer to create their own pathways to a 
low-carbon future online, in real-time and together. This tool can help policy makers in the EU28 + Switzerland explore 
the routes they can take to delivering climate protection, whilst securing energy and other important policy priorities.

Role of the EU Calculator

Reducing climate change and its impacts is one of the biggest priorities within the European Union (EU). Many different 
pathways have been considered to reduce GHG emissions in manufacturing, building, energy production and transport 
sectors, in form of innovation in production technologies as well as lifestyle changes. Projections of expected emission 
reductions are used as a basis to suggest policies to support such transitions strategies. The EUCalc is a model designed 
to provide such information based on validated data and expert advice. However, choosing the best options is not 
straightforward as each pathway also brings about other effects and potential trade-offs. It is important to consider 
potential trade-offs in policy making to avoid undesirable and unintended consequences. While building the EUCalc 
model, sectoral experts, policy makers and other stakeholders were consulted on which other impacts were most desired 
and perceived feasible to include in the model. Air pollution was chosen by the stakeholders for its health importance 
to the European population. Consequently, EUCalc has integrated the effects on air pollution resulting from different 
sectoral decarbonisation transition and lifestyle choices. This policy brief aims to inform the debate on air pollution and 
its effect on human health as a consequence of various decarbonisation pathway choices. 

Air pollution and health

Air pollution can lead to a range of serious adverse outcomes. Epidemiological studies have shown that there are a large 
number of adverse health effects associated with air pollution, particularly with particulate matter with a diameter of 
less than 2.5 microns, called PM2.5 (EEA, 2019; WHO, 2016).

Definition of PM2.5: 

Tiny solid or liquid particles less than 2.5 μm wide, including soot and aerosols formed from gaseous pollutants such as 
sulphur dioxide, nitrogen oxides and ammonia. Their very small size allows them to enter the air sacs deep in the lungs 
where they may cause adverse health effects. (UNECE, 2016)

Exposure to air pollution has both long-term and short-term effects. The long-term effect on health relates to premature 
mortality due to cardiopulmonary (heart and lung) effects. In the short-term, high pollution episodes can trigger increased 
admissions to hospital and contribute to the premature death of people who are more vulnerable to daily changes in 
levels of air pollutants. 

PM2.5 can be directly emitted and formed as secondary PM2.5 in the air from gaseous precursors including sulphur oxides 
(SOx), nitrogen oxides (NOx), ammonia (NH3) and non-methane volatile organic compounds (NMVOCs). The health effects 
of air pollution, expressed as premature deaths attributable to air pollution, are dependent on the changes in PM2.5 

Background
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Figure 1: Air pollution sources in Europe, 2015 (Åström, S., 2015).

concentrations in different Member States and how many people are exposed to the pollution (i.e. the population density); 
in other words the number of people that would be breathing in more or less PM2.5 as a result of policy decisions. 

In EUCalc, the outputs for all sectors, including population, are used to calculate the number of premature deaths 
(mortalities) for each Member State and for Europe in total. In the method, validated data from the IIASA GAINS model 
provides sectoral population-averaged PM2.5 exposure factors (Amann et al, 2011; Wagner et al, 2019). The predicted 
mortality figures for each Member State and chosen pathway are shown in the Transition Pathways Explorer.

Policies for reducing air pollution

Air pollution resulting from PM2.5 has been declining due to the introduction of policies to reduce emissions. Total 
emissions of all main air pollutants (SOx, NOx, NH3, NMVOCs and primary PM2.5) have decreased considerably since 1990. 
For example, compared with the baseline year (PM2.5: 2000; other pollutants: 1990) emissions of NH3 and NOx in the 
EU-28 (European Environment Agency, 2018b) had decreased by 23% and 91% in 2016, respectively. Stricter regulation 
from the National Emission Ceilings Directive (NECD, 2012 - amended Gothenburg Protocol) included an emission 
ceiling and emission reduction commitments in 2020 and 2030 of primary PM2.5, SOx, NOx, NH3 and NMVOCs. (European 
Environment Agency, 2018b). Ambient concentrations of SO2, NO2 and other nitrogen oxides, PM10 and PM2.5, lead, 
benzene (C6H6), carbon monoxide (CO) and ozone are regulated under the Directive 2008/50/EC. The directive also sets 
out two additional targets for PM2.5, the exposure concentration obligation and the national exposure reduction target 
(NERT) (European Environment Agency, 2018a). 

Domestic energy sources and agriculture are largest contributors to air pollution 
PM2.5 air pollution stems from various activities and hence differs is each country. On average for Europe in 2015, air 
pollution was most prominently caused by the building sector (25.7%), driven to a large extent by domestic heating, 
followed by the agriculture sector (25.6%), the electricity sector (12.2%), the transport sector (10.5%) and the industrial 
sector (6.3%) as illustrated in Figure 1. District heating only counts for 0.3% of overall emissions. Energy consumption 
through solid biomass is responsible for 75% of the emissions related to the building sector. Nitrogen fertilizer and livestock 
for dairy acount for 49% and 19% of the agriculture sector. Agriculture is a key emissions source of ammonia associated 
mainly with fertiliizer application, which is an important precursor of PM2.5. The control of ammonia emissions is regarded as 
one of the most effective control strategies in mitigating the PM2.5 concentrations (Pozzer et al., 2017; Schiferl et al., 2014).      
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Results from the EUCalc compared to other models

Comparing the mortality estimates in the EURef scenario (252,000) to the latest estimate of PM2.5-attributable premature 
mortalities from the European Environment Agency (EEA) for 2016 (EEA, 2019) of 378,000 for the EU28+1, the EUCalc 
health model captures 2/3 of the total. This is within the 95% confidence interval of 248,000 - 489,000, which reflects 
potential differences in emissions and uncertainties in the concentration response function. Comparing the top five countries 
with the highest mortalities, EUCalc estimates agree with the EEA in determining that the largest health impacts, and their 
ranking, are in the countries with the highest populations: Germany, Italy, Poland, France and the UK. The lower estimates 
from EUCalc of mortality attributed to PM2.5 compared to the EEA is likely due to: (i) the spatial resolution of the model, which 
is at the Member State level, compared to the higher resolution pollution and population maps used by the EEA; and (ii) the 
propagation of lower average population-weighted exposure at the Member State level, which is then propagated through to 
a non-linear concentration-response function.

Impacts on human health resulting from decarbonisation pathways in Europe
Under business as usual (BAU), there is a declining trend in air pollution impacts on health in Europe to 2050 as a result of 
improvements in emissions control technologies stimulated by existing EU policies. In the EURef scenario, which represents 
BAU, mortalities due to air pollution in Europe decrease from 253,000 in 2015 to 145,000 in 2050, a decline of 43%. 

However, there are significant benefits of decarbonisation that lead to even greater reductions to air pollution impacts. Simply, 
greater decarbonisation ambition leads to greater air pollution benefits, as shown in Figure 3. 

Combinations of technological and lifestyle changes lead to the greatest reductions. This can be shown by analysing the results 
of different scenarios, which are described in Appendix 1. Under the ‘Middle of the Road’ scenario, which portrays a Europe 

Present day air pollution health impacts

In 2015, according to the EU Reference (EURef) scenario, there were 252,000 deaths in the EU 28 Member States plus 
Switzerland (EU28+1) attributable to PM2.5 exposure, varying from 50,000 in Germany to less than 100 in Malta and 
Cyprus (Capros P. et al., 2016). Germany and Italy had the highest number of mortalities (above 40,000 deaths), followed 
by Poland, France and the UK (Figure 2). 

Figure 2: PM2.5-attributable premature mortalities (number of deaths) in each EU28+1 country in 2015, EUCalc.
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in which behavioural changes are prioritised over the adoption of sustainable practices but without reaching the full level 
of possible ambition, annual air pollution attributable mortalities are reduced to 119,000 in 2050 – 18% lower than in the 
scenario. Under the ‘Ambitious’ scenario, in which there are unprecedented changes towards sustainable lifestyles and the 
deployment of transformational technologies and fuels, annual air pollution attributable mortalities are reduced to 94,000 in 
2050 – 35% lower than in the scenario.

Figure 3: Air quality impacts under different decarbonisation pathways (in number of deaths per year, regarding PM2.5).

Challenges in policy choices

There are different sectoral contributions to air pollution impacts in different Member States, revealing the sectors that need 
to be addressed in each Member State, and providing insight into the implications of the European Green Deal. 

The European Green Deal (European Commission, 2019) recognises that decarbonisation and air pollution are interlinked. The 
evidence from EUCalc is that greater action to decarbonise the economy has significant benefits for air quality and health: that 
they are ‘mutually reinforcing’. EUCalc can provide insight into two areas of the European Green Deal in particular: 

  ‘From ‘Farm to Fork’: designing a fair, healthy and environmentally-friendly food system’ recognises impacts of agriculture 
on air pollution in the Green New Deal. The ‘Land and food’ scenario demonstrates that efforts to make European Land 
and Food ‘climate-smart’ could reduce air pollution impacts relative to the reference scenario – annual air pollution 
attributable mortalities are 14% lower than the scenario is 2050.

  ‘Accelerating the shift to sustainable and smart mobility’ includes ambition for modal shift onto cleaner and more 
sustainable modes (including multi-modal transport options), alternative fuels, and to make transport in cities less 
polluting. The ‘Travel, transport and power’ scenario captures changes in lifestyle choices as well as improvements 
in technologies. This shows that significant improvements in health result from decarbonisation of transport sector – 
annual air pollution attributable mortalities are 10% lower than the scenario by 2050. As part of the new Green Deal, 
more stringent emissions standards on combustion-engine vehicles will be proposed from 2021. This illustrates that 
policy is heading in the right direction, and that since the policies will lead to reductions in air pollution impacts, policy 
makers can create more significant benefits by introducing the policies more rapidly.
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What are the transboundary issues?

Reducing climate change impact through decarbonisation in Europe is critically important. However, the effects of European 
efforts to reach net-zero carbon emissions globally are highly dependent on the choices in other continents.  

While air pollution is a transboundary phenomenon, the majority of air pollution impacts are caused by emissions in Europe. 
In EUCalc, transboundary effects in Europe are considered and previous literature showed that air pollution impacts in Europe 
are pre-dominantly caused by emissions within Europe; <5% of PM2.5 of the total mortality impact in Europe is attributed to 
extra-regional emissions (Anenberg et al., 2014; Zhang et al., 2017).

This indicates that reducing air pollutant emissions in Europe will have significant and direct benefits to the health of European 
citizens.

The United Nations Economic Commission for Europe (UNECE) Convention on Long-range Transboundary Air Pollution covers 
most of the northern hemisphere, from the United States of America and Canada across Europe and the Russian Federation 
to Central Asia, and is the only multi-lateral, legally binding instrument on transboundary air pollution. This convention is the 
right forum for further development of transboundary effects of pollution.

What are the consequences of reducing air pollution in Europe? 

Air pollution impacts will decrease in time due to the effect of policies that are already in place. Decarbonisation and air pollution 
are mutually reinforcing, and greater ambition in decarbonisation will lead to lower air pollution impacts and will achieve them 
more rapidly. Policy makers can intensify and accelerate air pollution improvements by implementing decarbonisation policies 
that combine technological and lifestyle changes.

There will be some differences in the most appropriate policies for different Member States as a result of different sectoral 
contributions and demographics. EUCalc provides policymakers with a tool to quickly evaluate the changes in air pollution 
resulting from different policy choices.



7

References:
Åström, S. (2015) National work with the GAINS model: experiences from Sweden and other countries. Available at: 
http://tftei.citepa.org/images/files/2011-03-18/8-IVL_Astrom_20110317.pdf.

Amann, M., Bertok, I., Borken-Kleefeld, J., Cofala, J., Heyes, C., Höglund-Isaksson, L., Klimont, Z., Nguyen, B., Posch, 
M., Rafaj, P., Sandler, R., Schöpp, W., Wagner, F. & Winiwarter, W. (2011) Cost-effective control of air quality and 
greenhouse gases in Europe: Modeling and policy applications. Environmental Modelling & Software. 26 (12), 1489-
1501. Available at: http://www.sciencedirect.com/science/article/pii/S1364815211001733. Available from: doi: 
10.1016/j.envsoft.2011.07.012. [Accessed May 28, 2019]. 

Anenberg et al. (2014) Impacts of intercontinental transport of anthropogenic fine particulate matter on human 
mortality. Air Quality, Atmosphere & Health, 7(3) 369–379. Available at: https://link.springer.com/article/10.1007/
s11869-014-0248-9

Capros P, De Vita A, Tasios N, Siskos P, Kannavou M, Petropoulos A, Evangelopoulou S, Zampara M, et al. (2016). EU 
Reference Scenario 2016 - Energy, transport and GHG emissions Trends to 2050. European Commission Directorate 
- General for Energy, Directorate - General for Climate Action and Directorate - General for Mobility and Transport, 
Luxembourg.

European Commission (2018) Final report of the High-level Panel of the European Decarbonisation Pathway Initiative. 
Brussels, Luxembourg: Publications Office of the European Union.

European Commission (2019). Communication from the Commission to the European Parliament, The European 
Council, The Council, The European Economic and Social Committee and the Committee of the Regions: The European 
Green Deal. Document ref. COM(2019) 640 final, 11.12.2019, Brussels. Available at: https://ec.europa.eu/info/sites/
info/files/european-green-deal-communication_en.pdf (Accessed: 9 Jan. 2020).

European Environment Agency. (2014) Emissions of primary PM2.5 and PM10 particulate matter. Copenhagen. Available 
at: https://www.eea.europa.eu/data-and-maps/indicators/emissions-of-primary-particles-and-5/assessment-3 .

European Environment Agency. (2016) EMEP/EEA air pollutant emission inventory guidebook 2016. Copenhagen.

European Environment Agency. (2018a) Air Quality in Europe-2018 Report. Copenhagen.

European Environment Agency. (2018b) Emissions of the main air pollutants in Europe. Copenhagen. Available at: 
https://www.eea.europa.eu/data-and-maps/indicators/main-anthropogenic-air-pollutant-emissions/assessment-4 

European Environment Agency (2019) Air quality in Europe – report 2019. Copenhagen. Available at: https://www.eea.
europa.eu/publications/air-quality-in-europe-2019

Henschel, S. & Chan, G. (2013) Health risks of air pollution in Europe—HRAPIE project. Copenhagen, Denmark: World 
Health Organization. 

Holland, M. (2014) Implementation of the HRAPIE recommendations for European air pollution CBA work. Emrc, UK. 54.

Holland, M., Spadaro, J., Misra, A. & Pearson, B. (2014) Costs of air pollution from European industrial facilities 2008–
2012. Copenhagen: European Environment Agency. 

Holland, M. (2016) Health Impacts of Coal Fired Power Stations in the Western Balkans. Health and Environmental 
Alliance. Available at: http://Env-Health.Org/IMG/Pdf/14032016_technical_report_ Balkans_coal_en_final.Pdf. 

Intergovernmental Panel on Climate Change (IPCC). (2019) Climate Change and Land: an IPCC special report on climate 
change, desertification, land degradation, sustainable land management, food security, and greenhouse gas fluxes in 



8

terrestrial ecosystems [P.R. Shukla, J. Skea, E. Calvo Buendia, V. Masson-Delmotte, H.-O. Pörtner, D. C. Roberts, P. Zhai, 
R. Slade, S. Connors, R. van Diemen, M. Ferrat, E. Haughey, S. Luz, S. Neogi, M. Pathak, J. Petzold, J. Portugal Pereira, P. 
Vyas, E. Huntley, K. Kissick, M. Belkacemi, J. Malley, (eds.)]. In press.

International Institute for Applied Systems Analysis (IIASA). (2018) Convention on Long-range Transboundary Air 
Pollution (LRTAP)  Available at: http://www.iiasa.ac.at/web/home/research/researchPrograms/air/policy/LRTAP_
overview.en.html [Accessed May 28, 2019].

Pashaei Kamali, Farahnaz, Boris Thurm, Ana Rankovic, Garret Patrick Kelly, Marc VIELLE, Patricia Osseweijer, John 
Posada (2019). How to find quantitative indicators for social impacts of climate change mitigation pathways in Europe: 
a two tier stakeholders’ participation; Energy Research & Social Science (in revision).

Pozzer, A., Tsimpidi, A. P., Karydis, V. A., De Meij, A. & Lelieveld, J. (2017) Impact of agricultural emission reductions on 
fine-particulate matter and public health. Atmospheric Chemistry and Physics. 17 (20), 12813.

Schiferl, L. D., Heald, C. L., Nowak, J. B., Holloway, J. S., Neuman, J. A., Bahreini, R., Pollack, I. B., Ryerson, T. B., 
Wiedinmyer, C. & Murphy, J. G. (2014) An investigation of ammonia and inorganic particulate matter in California 
during the CalNex campaign. Journal of Geophysical Research: Atmospheres. 119 (4), 1883-1902.

Wagner F, Borken-Kleefeld J, Kiesewetter G, Klimont Z, Schoepp W, & Amann M (2019). Exposure coefficients in the 
EUCalculator. DOI: 10.22022/AIR/08-2019.51.

UNECE (2016). Towards cleaner air in 2016. Available at: http://www.unece.org/fileadmin/DAM/env/lrtap/
ExecutiveBody/35th_session/CLRTAP_Scientific_Assessment_Report_-_Final_20-5-2016.pdf

WHO (2016). Ambient Air Pollution. Available at: https://www.who.int/phe/publications/air-pollution-global-
assessment/en/

WHO (2018). European mortality database (MDB). Available at: https://gateway.euro.who.int/en/datasets/european-
mortality-database/ [Accessed May 28, 2019].

WHO Regional Office for Europe, OECD (2015). Economic cost of the health impact of air pollution in Europe: Clean air, 
health and wealth. 

Zhang, Q. et al. (2017). Transboundary health impacts of transported global air pollution and international trade. 
Nature 543, pages705–709(2017). Available at: https://www.nature.com/articles/nature21712/ 



9

Appendix 1 
Description of selected decarbonisation pathways (from the EUCalc Transition Pathways Explorer)

EU Reference: the combination of lever positions under this scenario reproduces, as far as possible, the main sectoral 
assumptions and outputs of the EU Reference scenario as detailed in Capros et al. (2016). 

Key behaviours: maximum ambition level in the EU Calculator regarding Key behaviour, which lead to a more substantial 
lifestyle change than that considered in the 1.5LIFE scenario. In this scenario Technology and fuels, and Land and food default 
to those of the EU Reference scenario.

Technology and fuels: maximum ambition level in the EU Calculator for Technology and fuels while Key behaviours and Land 
and food evolve as those in the EU Reference scenario.

Land-food: reflecting the ongoing debate that brought about the IPCC Special Report on Climate Change and Land approved 
in August 2019 (IPCC, 2019), this scenario represents a Europe where Land and Food become climate-smart (which might not 
always result in lower GHG emissions). In this scenario Key behaviours and Technology and fuels evolve as in the EU Reference 
scenario.

Tech and land-food: this scenario is and extension of the “Max ambition in land-food “ by further pushing maximum ambition 
in Technology and fuels. In this scenario Key behaviour evolves as in the EU Reference scenario.

Behaviour and land-food: maximum efforts in Key behaviour and Land and food are undertaken and where efforts in 
Technology and fuels evolve as in the EU Reference scenario.

Behaviour and tech: maximum efforts Key behaviour and Technology and fuels are undertaken and where efforts in Land and 
food evolve as in the EU Reference scenario.

Travel, transport and power: maximum ambition in decarbonizing the Transport sector is undertaken. The effort takes place 
not only on the side of Key behaviours, namely on changes in travel distance, mode and occupancy rates, but also on the side 
of Technology and fuels, with a shift to higher efficiencies and changes in the fuel mix. Accordingly, maximum ambition in the 
power sector in order to accommodate the expected demand in electricity is also undertaken. The remaining levers are set to 
the EU Reference scenario.

Homes and buildings: maximum ambition in decarbonizing the Buildings sector is undertaken. The effort takes place not only 
on the side of Key behaviours, namely on changes in living space per person, but also on the side of Technology and fuels, with 
a shift phase out of fossil fuel use in buildings and aggressive renovation rates toward higher energy efficiency The remaining 
levers are set to the EU Reference scenario.

Past trends: this scenario portraits a Europe in which both behavioural change and technologies and fuels largely evolve 
following past observed trends. Travel demand continues to rise and so does the amount of living residential are per person. 
Diets change very little apart from the slow decline in Bovine meat and a moderate shift towards eating more vegetables. The 
number of appliances per household increases and so does the demand for packaging. On the technology side, although cars 
become 20% more fuel efficient by 2050, sales of vehicles with internal combustion engines make up 98% of new car sales. 
The renovation rate of buildings tops at 1% a year and the depth of renovation is shallow. In Industry energy efficient gain top 
at 5% in 2050.

Middle of the road: behavioural changes prioritize the adoption of sustainable practices but without reaching the full level 
of possible ambition. Individual travel demand slows down but does not decline, the adoption of less-carbon intensive diets is 
left half the way to that entailed in WHO health recommendations, the amount of residential living space per person remains 
constant. On the technology and fuels largely side, there is considerable progress towards the deployment of electrification 
of transport, new energy standards in buildings, improved industrial processes and strong deployment of renewables. On the 
side of land and food the level of intensification of both crop and livestock production remains limited. The use of alternative 
protein sources for livestock like insects and microalgae reaches up to 10% of required ration. At the same time, any free land 
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is converted mostly to prairies.

Ambitious: an unparalleled historical change takes place both on the side of behavioural changes prioritizing the adoption 
of sustainable lifestyle, and the deployment of highly costly transformational technologies and fuels. Individual travel demand 
is contained and slightly decreased taking advantage of tele-working/study and remote access to services. Diets European-
wide converge to a flexitarian diet with low animal calorie input and food waste is reduced by 50%. Smaller living spaces are 
favoured and environmental-conscious attitudes rule purchasing decisions for appliances and packaging. On the technology 
and fuels there is unconstrained progress towards electrification of road transport and the shift to biofuels in aviation. The 
renovation of buildings towards improved energy standards results in 66% energy saving by 2050. The efficiency of industry 
process and the stitch to new materials makes use of the full technical potential available. There is a strong deployment of 
renewable and a shift coal phase out. On land and food the level of intensification of both crop and livestock production 
remains limited but the use of bioenergy capacity is fully explored. In addition, potential of alternative protein sources for 
livestock feeding, like insects, is fully developed.
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and social implications of lifestyle and energy technology 
choices in Europe.

The novel and pragmatic modelling approach is rooted

between pure complex society-energy systems and

integrated impact assessment tools. The EUCalc model with 
its user interface - the Transition Pathways Explorer – has 
been designed to be both accurate but also accessible to 
decision-makers and practitioners. It covers all sectors and 
can be used by one or many people. The model is also open 
source so that experts can refine the model itself. The tool 
will have an e-learning version, the “My Europe 2050” tool 
as well as a Massive open online course (MOOC). See more 
on the EUCalc project, its scientific reports and all other 
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