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COVID-19 control measures and increases in renewable energy caused a steep drop in
fossil fuel burning in Europe in 2020. This led to an approximately 14% reduction in
average level of nitrogen dioxide (NO2) pollution, 7% reduction in average level of
particulate matter pollution, and 4% in ozone levels, resulting in an estimated 37,813
avoided deaths from air pollution (95% confidence interval: 31,894 - 44,226) in Europe.

Other avoided health impacts include 10.0 million fewer days of work absence, 17,000
fewer new cases of asthma in children, 29,000 avoided emergency room visits due to
asthma attacks and 4,700 fewer preterm births. Most of these health impacts are linked to
chronic air pollution exposure and will be realized with a delay over the coming months
and years.

This effect comes as renewable energy overtook fossil fuels for the first time in power
generation, producing 38% of all energy in the EU, compared with 37% from fossil fuels.
Coal consumption for power generation fell by 20% in 2020 compared with 2019 and oil
demand for transportation fell by 13% in January-November 2020. Coal and oil burning are
the main sources of NO2 pollution and key sources of particulate matter pollution across
Europe.

The health impact analysis also highlights how, regardless of improved air quality, air
pollution is contributing to the load on the healthcare system at the time of the epidemic
— because of air pollution there are more people suffering from pre-existing conditions
that make them more vulnerable to the disease, and more people requiring treatment for
everything from asthma to stroke and diabetes while the system is overburdened.
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The countries with the largest reductions in NO2 pollution levels are the United Kingdom,
Spain, France, and Sweden. The largest reductions in particulate matter pollution took
place in Serbia, Hungary, Czech Republic and Slovakia.

The projected avoided health impacts are the largest in Germany, Poland, Italy and the
United Kingdom.

Among European main cities, Rome, Paris, Zagreb, Athens, Lisbon and Warsaw are the
cities where adverse health impacts have been reduced the most.

The new analysis uses detailed air quality statistical modeling to control for the effects of
weather conditions and attribute the changes in pollution levels to the changes in
emissions.

Air pollution is the largest environmental health threat in Europe, with the average life
expectancy in the European Union shortened by an estimated eight months due to
pollution exposure. In 2018, 417,000 deaths in the European region were attributed to
PM2.5, 55,000 deaths to NO2 and 20,600 to ground-level ozone (EEA, 2020). An estimated
60% of the population in high-income European countries is exposed to levels of PM10 or
PM2.5 that exceed WHO guidelines, and 80% of the population in lower- or middle-income
countries in Europe (WHO, 2018).

The COVID-19 crisis has brought about untold human suffering, and its side-effects should
not be celebrated. The major public health benefits of reduced coal and oil burning, over
2020, are however a striking demonstration of the benefit to public health and quality of
life if European decision-makers prioritize clean air, clean energy and clean transport in
their plans to recover from the crisis, and reduce coal and oil consumption in a rapid and
sustainable way.
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A general improvement in air quality
NO2 levels have decreased over most of Europe, at the exception of localised hotspots. The
picture is more mixed with PM10 and ozone for which relatively larger regions experienced
either steady levels or even an overall increase (see below). This is consistent with previous
studies using chemistry-transport-modeling (e.g. Menut et al., 2020).

Figure 1 - Change in weather-normalized air pollutant concentration between 2019 and 2020. The
analysis is done at the city/town level, including all government monitoring stations. Change was
capped between -25% and 25% solely for representation purposes.

https://www.sciencedirect.com/science/article/pii/S0048969720339486#f0040
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Country-level results
At the country level, this translates into reduction of NO2 reductions as high as 19% in the
United Kingdom, with an average decrease of 14% over Europe. The reduction in
particulate matter concentrations was more pronounced in Eastern Europe with Serbia,
Hungary, Czech Republic, Slovakia, Poland experiencing a decrease of PM10 levels of more
than 10%. The average decrease over Europe was 7%. Ozone shows a smaller variation
year-on-year and more limited decrease overall (-4% on average). Detailed results are
shown in Figure 2 below.1

2020 vs 2019 Change in air pollutant levels

Figure 2 - Change in weather-normalized air pollutant concentration between 2019 and 2020.
Population-weighted averages are calculated for each country. Only countries with a population
greater than 5M are shown here. The full list is available in the Supplementary Information section.

1 When available, we include Turkey figures in charts and tables. However, Turkey’s numbers are not
considered in the European average.
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These reductions of exposure can be translated into avoided health impacts i.e. additional
health impacts that would be expected if not for the observed reductions of air pollution.

Projected premature deaths avoided due to lower air pollutant exposure

Country Central Low High

Germany 5,546 4,428 6,763

Poland 4,706 4,344 4,915

Italy 4,262 3,474 5,068

United Kingdom 3,670 2,963 4,536

France 3,461 2,629 4,828

Spain 2,385 1,881 2,912

Serbia 1,564 1,505 1,568

Hungary 1,489 1,385 1,557

Czech Republic 1,275 1,192 1,323

Greece 1,112 880 1,349

Bulgaria 1,006 938 1,055

Netherlands 738 596 887

Croatia 738 708 743

Portugal 692 589 772

Belgium 647 476 855

Austria 641 514 771

Bosnia and Herzegovina 558 544 550

Sweden 556 435 678

Slovak Republic 529 522 513

Turkey 376 169 716

Table 1 - Projected premature deaths avoided due to lower air pollutant exposure (top-20
countries). Low and high values correspond to 95% confidence interval. The full list is available in
the Supplementary Information section.
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Besides avoided deaths, improved air quality also reduced the amount of sick leaves by
more than 10 million days, new cases of asthma in children by 17,247 and preterm births
by 4,695. Detailed results are shown in Table 2 below.

Projected avoided health impacts due to lower air pollution exposure

Outcome Pollutant Central Low High

Sick leaves (days of work absence) PM2.5 10,042,387 8,546,612 11,526,943

New cases of asthma in children NO2 17,247 3,733 39,142

Emergency room visits due to asthma PM2.5, O3 31,149 18,730 35,771

Preterm births PM2.5 4,695 2,284 4,983

Deaths PM2.5 34,126 29,885 37,676

Deaths NO2 1,187 659 2,600

Deaths O3 2,500 1,351 3,952

Table 2 - Projected avoided health impacts due to lower air pollutant exposure. Low and high
values correspond to 95% confidence interval. The full list is available in the Supplementary
Information section.
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City-level results
Among European major cities (i.e. capitals and cities with a population above 1M people),
Rome, Paris, Zagreb, Athens, Lisbon and London are the cities where adverse health
impacts of air pollution decreased the most in 2020 with avoided deaths exceeding 320 per
million inhabitant.

Figure 3 - Projected premature deaths avoided due to lower air pollutant exposure.
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Note: city-level results considered change in air quality levels at the monitoring station
locations. These tend to be the most polluted areas in the city. Results in these charts
therefore don't apply to the entire population of the city but only to the locations with
monitoring stations.

The “paradox” of increased ozone levels

Increased levels of ozone had already been observed during lockdowns as highlighted by
studies on the UK (Lee et al., 2020) and China (Le et al., 2020). Even a�er considering the
whole year and correcting for weather conditions, ozone levels increased in several cities
such as Riga, Lisbon, Budapest, Milan and also London and Paris, as shown in Figure 3.

Figure 3 - Change in weather-normalized air pollutant concentration between 2019 and 2020 in
European capitals and cities above 1M population.

Although the formation of tropospheric ozone remains an active field of research, studies
have suggested that the decrease in NOx emissions led to reduced O3 titration and
therefore increases of O3 levels (see for instance Shi et al., 2021). This happens in so-called

https://acp.copernicus.org/articles/20/15743/2020/
https://science.sciencemag.org/content/369/6504/702.full
https://advances.sciencemag.org/lookup/doi/10.1126/sciadv.abd6696
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VOC-limited (Volatile Organic Compound) regimes,  where emission control of organic
compounds is more efficient to reduce peak values of ozone pollution locally (EEA, 2016).

The results of our health impact assessment show that overall, the localized increases of
ozone levels have been more than compensated by the decrease of NO2 and particulate
matters.

Renewable energy overtook fossil fuel in 2020
power generation
For the first time, renewable energy became the largest source of electricity in the EU-27
representing 38% of the power generated in 2020, according to EMBER (2021). Fossil fuel
accounted for 37% of power generation in 2020, down from 40% in 2019.

Coal and gas consumption in power generation have decreased by 20% and 4%
respectively. Oil demand, mainly used for transportation, has decreased by 13%
year-on-year based on January to November data.  This makes the COVID-19 crisis a
“postcard from the future” as inflexible coal power plants are pushed out of the market.

https://www.eea.europa.eu/publications/TOP08-98/page004.html
https://ember-climate.org/project/eu-power-sector-2020/
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Figure 4 - EU-27 2020 vs 2019 changes in oil demand and power generation. Oil demand only
corresponds to January-November whilst power generation figures represent the whole year.
Source: EUROSTAT (Oil demand) and EMBER Climate (power generation).

How air pollution contributes to the COVID-19
pandemic
CREA assessment of the links between COVID-19 and air pollution found that:

● High levels of air pollution affect the natural defenses of the body against airborne
viruses, making people more likely to contract viral diseases, and this is likely to be
true for SARS-CoV-2 as well. This means that it is likely that air pollution exposure is
contributing to the spread of the disease.

● Air pollution exposure is a key risk factor for many of the chronic diseases that
make people more likely to get severely ill, require intensive care and ventilation,
and die from COVID-19. A strong body of existing scientific research shows that a
significant part of the burden of diseases like chronic respiratory disease, heart
disease, asthma and diabetes worldwide is attributable to air pollution. This means

https://energyandcleanair.org/publications/how-air-pollution-worsens-the-covid-19-pandemic/
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that past air pollution exposure is now contributing to the death toll and the
enormous pressure on healthcare systems from the disease.

● For many respiratory infections, air pollution exposure on infected people can
worsen their symptoms and increase the risk of hospitalization and death. This is
likely to be true for COVID-19 patients as well but has not yet been confirmed with
specific studies. This means that current air pollution levels, which remain
dangerous in much of the world despite reductions caused by measures to control
the virus, are likely contributing to the number of severe cases and deaths from
COVID-19.

● Current air pollution levels are contributing to illness and need for health care
services from other diseases, adding to the pressure on health care systems.
Because of air pollution, there are more people requiring treatment for everything
from asthma to stroke and diabetes while the system is overburdened.

https://energyandcleanair.org/


Methodology
The analysis is based on air quality data from 3,425 stations monitoring NO2
concentrations, 2,762 stations monitoring PM10 concentrations, and 2,281 stations
monitoring O3 concentrations. Air pollution measurements were retrieved from the
European Environment Agency, as well as the Automatic Urban and Rural Network
(AURN)-DEFRA for the UK and Turkey National Air Quality Monitoring Network for Turkey.
Romania was excluded from this study since measurements were not available for 2019
and 2020.

Station measurements were averaged at the city level. Only cities and towns with more
than 300 days per year of available measurements in 2019 and 2020 were considered.
Hourly records were averaged to daily levels using arithmetic mean.

The effect of COVID-19 lockdowns was quantified using the meteorological normalization
technique described in Grange & Carslaw (2019).  We leveraged meteorological data from
NOAA ISD and planetary boundary layer height from NCEP Climate Forecast System
Reanalysis.

Weather-normalised percentage changes in pollution were interpolated from city-level
using Ordinary Kriging interpolation technique. We used these changes to scale the
baseline concentrations of NO2 in Larkin et al. (2017), PM2.5 in van Donkelaar et al. (2019)
and O3 in Lelieveld et al. (2015) to model the change in annual pollution exposure. Since
the monitoring data was for PM10, the relative changes in PM2.5 concentrations were
assumed to be the same as in PM10 concentrations.

Population density was obtained from Gridded Population of the World, Version 4
(GPWv4): Population Density, Revision 11. Center for International Earth Science
Information Network - CIESIN - Columbia University. 2018.

Health impacts of the reductions in pollution levels were assessed following the
methodology of CREA report “Quantifying the Economic Costs of Air Pollution from Fossil
Fuels” (Myllyvirta, 2020), which incorporates the latest risk models linking air pollution
exposure to health impacts.

https://www.sciencedirect.com/science/article/pii/S004896971834244X?via%3Dihub
https://dx.doi.org/10.1021/acs.est.7b01148
http://dx.doi.org/10.1021/acs.est.8b06392
http://www.nature.com/articles/nature15371
https://doi.org/10.7927/H49C6VHW
https://energyandcleanair.org/publications/costs-of-air-pollution-from-fossil-fuels/
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Supplementary information
Projected premature deaths avoided due to lower air pollutant exposure

Country Central Low High Country Central Low High

Germany 5,546 4,428 6,763 Turkey 376 169 716

Poland 4,706 4,344 4,915 Denmark 344 259 430

Italy 4,262 3,474 5,068 Switzerland 266 203 336

UK 3,670 2,963 4,536 Finland 248 198 301

France 3,461 2,629 4,828 N.Macedonia 244 232 253

Spain 2,385 1,881 2,912 Slovenia 228 221 232

Serbia 1,564 1,505 1,568 Albania 193 188 194

Hungary 1,489 1,385 1,557 Lithuania 168 148 185

Czech Rep. 1,275 1,192 1,323 Ireland 135 115 154

Greece 1,112 880 1,349 Norway 131 88 171

Bulgaria 1,006 938 1,055 Latvia 118 109 128

Netherlands 738 596 887 Montenegro 56 52 59

Croatia 738 708 743 Estonia 52 47 57

Portugal 692 589 772 Malta 33 29 37

Belgium 647 476 855 Georgia 7 4 10

Austria 641 514 771 Andorra 3 3 4

Bosnia and Herz. 558 544 550 Cyprus 1 0 1

Sweden 556 435 678 Luxembourg -8 -12 -4

Slovak Republic 548 531 546

Table S.1 - Projected premature deaths avoided due to lower air pollutant exposure (top-20
countries). Low and high values correspond to 95% confidence interval. The full list is available in
the Supplementary Information section.
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2020 vs 2019 Change in air pollutant levels

Figure S.1 - Change in weather-normalized air pollutant concentration between 2019 and 2020.
Population-weighted averages are calculated for each country.
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Monitored cities used in this study

Figure S.2 - Change in weather-normalized air pollutant concentration between 2019 and 2020.
The analysis is done at the city/town level, including all government monitoring stations. Change
was capped between -25% and 25% solely for representation purposes. Green dots represent cities
with air quality measurements.
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2020 vs 2019 Change in fossil fuel usage

Figure S.3 - 2020 vs 2019 changes in oil demand (total) and coal and gas consumption for power
generation. Oil demand only corresponds to January-November whilst coal and gas figures
represent the whole year. Source: EUROSTAT (Oil demand) and EMBER Climate (coal and gas).
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About CREA
Centre for Research on Energy and Clean Air (CREA) is a new independent research
organisation focused on revealing the trends, causes, and health impacts, as well as the
solutions to air pollution. CREA uses scientific data, research and evidence to support the
efforts of governments, companies and campaigning organizations worldwide in their
efforts to move towards clean energy and clean air, believing that effective research and
communication are the key to successful policies, investment decisions and advocacy
efforts. CREA was founded in December 2019 in Helsinki and has staff in several Asian and
European countries.
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