


Key findings
● The power, industrial and agricultural sectors are major sources of air pollutant

emissions. In the EU27 and the UK, emissions from power and industry are
responsible for 80, 27 and 74% of SO2, NOx andmercury emissions, while
agriculture accounts for 94% of ammonia emissions (EEA, 2021; AMAP/UNEP, 2019).

● Emission control performance in Europeʼs industrial sectors is far behind best
international practices and best available techniques (BAT). The reasons are “best
available technique” requirements weakened by lobbying, as well as lenient
application of the requirements and prevalent use of derogations on the national
level. Agriculture has been largely excluded from emissions regulation despite its
major contribution to PM2.5 pollution through ammonia emissions. The revision of
the Industrial Emissions Directive is a once-in-a-decade opportunity to address
these issues.

● Air pollutant emissions from power and industry are responsible for an estimated
17,000 annual deaths due to exposure to PM2.5, ozone andmercury. The largest
polluting sectors are thermal power, oil & gas refineries and the iron & steel sector,
and the countries whose emissions cause the greatest impacts are Germany,
Poland and France.

● Application of best available end-of-pipe techniques in the power and industrial
sectors would avoid an estimated 10,000 deaths and external costs of €28 billion
per year. These improvements can be accomplished by requiring large combustion
plants to comply with the more stringent end of current best available technique
definitions, with a high bar for exemptions, while the iron & steel and cement
sectors would additionally require an update to the definitions of BAT to reflect
best international practices.

● Emissions from agriculture are responsible for an estimated 72,500 annual deaths
due to exposure to PM2.5. The countries whose emissions cause the greatest impacts
are Germany, France and Italy.

● Improvements to agricultural practices could reduce ammonia emissions by 1.27
million tonnes by 2030, avoiding 27,000 deaths per year from air pollution and
economic costs of €75 billion per year. Fully realizing these improvements requires
defining the scope of the revised Industrial Emissions Directive to fully cover
industrial-scale livestock andmanure operations.
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● There is an urgent need to improve reporting on emissions from industrial facilities
in the EU. The current system provides very limited data, and even that with a delay
of up to five years, hampering both enforcement and research.

Introduction
Air pollution from industry and agriculture

Although o�en regarded as a global leader in environmental protection, Europeʼs pollution
regulation has been eroded through the implementation of weak standards and loopholes,
introduced by industry and national lobbyists and a permitting culture in most member
states that seeks to impose the most lenient limits that are legally possible. As a result, the
performance of emission controls in manufacturing industry and power plants fall far
behind what is technologically feasible at the expense of public health and environmental
protection.

Fine particles with aerodynamic diameter smaller than 2.5 µm (PM2.5) are one of Europeʼs
leading environmental risks to public health (Landrigan et al., 2018). Once inhaled by
humans, this pollutant can lead to health outcomes including ischaemic heart disease,
chronic obstructive pulmonary disease and lung cancer (Lelieveld et al., 2019). Scientific
research is continually identifying additional (Shi et al., 2020) andmore potent (Di et al.,
2017) negative health impacts of these pollutants. Recently, the World Health Organisation
(WHO) halved the recommended guideline value from 10 to 5 µgm-3 (WHO, 2021) due to
recent epidemiological studies revealing a higher PM2.5 toxicity as compared to previous
studies (Di et al., 2017). Achieving this updated PM2.5 guideline value will lead to major
improvements in public health, but it will be challenging as currently only 0.001 % of the
global population live in environments that comply with this value (Yu et al., 2023). Despite
being regulated both nationally and internationally, PM2.5 remains a major environmental
and public health burden in Europe (COMEAP, 2010), with relatively poor progress
observed in recent years (Vohra et al., 2021; EMEP, 2021).

Humans contribute to the formation of PM2.5 through a variety of different activities. PM2.5

is both directly emitted into the atmosphere and formed in the atmosphere from precursor
species, those being nitrogen oxides (NOx), sulfur dioxide (SO2), and ammonia (NH3). Many
of these species are emitted from the power sector (e.g., combustion plants) and the
industrial sector (combustion, iron & steel production, refineries, cement plants).
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Agriculture is also an important source of PM2.5.However, this sector is poorly regulated.
Emissions of ammonia (NH3) are dominated by the agricultural sector. Emissions of NH3

from this sector can beminimized through a range of different strategies, including
changes to livestock feeding, manure storage, animal housing, and the use of mineral
fertilizers (Oenema et al., 2012). While the cost of implementing these strategies is
outweighed by the benefits to human and ecosystem health (Giannakis et al., 2019), many
of these emission reductions strategies are, however, just guidance (DEFRA, 2018; Hicks et
al., 2022) as opposed to legislation. For many countries across Europe, both the historical
trend (Richmond et al., 2020) and governmentsʼ commitments to future reductions
(UNECE, 2017) of NH3 emission are much weaker when compared to SO2 and NOX. For
instance, in 2020 and beyond, the UK commits to large reductions in emissions of SO2 and
NOX (55-59%), but only marginal reductions of NH3 (8%) compared to 2005 emissions
(UNECE, 2017).

The review of the Industrial Emissions Directive

In the European Union (EU), emissions of pollutants from industry sectors are controlled
through the Industrial Emissions Directive (IED) which applies to industrial scale activities,
ranging from intensive livestock rearing to waste management activities, listed in its Annex
I. The legal framework dates back to the 1996 Integrated Pollution Prevention and Control
(IPPC) Framework that was amended for the first time in 2010.

According to the Industrial Emissions Directive, EUmember states should set pollution
limits in environmental permits on the basis of Best Available Techniques (BAT)
conclusions, which are based on an information exchange between industry, member
states and the non-governmental organisations (NGOs) promoting environmental
protection within the Sevilla Process (EEB, 2022a). Once published in the official journal,
operators have a maximum of 4 years to comply with those performance standards. The
conclusions typically specify a range of emission levels that can be achieved by the use of
BAT. The standards are based on questionnaires by the operators of commercially
operating reference plants almost exclusively in Europe.

The ranges given in BAT conclusions are o�en very wide, with a difference of a factor of 10
or more between the low end (referred to as strict or lower BAT-AEL) and high end (referred
to as upper BAT-AEL).
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The IED requires, among other things, permit writers to set emission limit values (ELVs) not
exceeding those emission ranges associated with the use of BAT, keeping in mind the
objective to achieve a high general level of environmental protection as a whole.

In practice, permit writers have consistently aligned pollution limits to the legally allowed
maximum levels (the lenient end of the BAT ranges), as well as granted derogations
allowing plants to emit more than even the lenient end of the range (European
Commission, 2021; EEB, 2021a). The many shortcomings have been highlighted by NGOs in
the IED evaluation process (EEB, 2019a, 2019b, 2021b, 2022b).

The European Commission is well aware that the flexibility allowed by the legal provisions
has been abused in implementation and sought to address this in a revised IED proposal,
published on April 5, 2022 (European Commission, 2022a, 2022b).

The revised IED proposal clarifies that permit writers should set the “strictest possible”
emission limits that should be consistent with the performance achieved by applying the
stricter range of the BAT conclusions. The plant operator would be required to
demonstrate why it is not feasible to meet the strictest end of the BAT range and to
demonstrate the best performance the installation can achieve by applying BAT. Member
states would be required to assess the feasibility of upgrading national emissions rules to
require the more stringent end of the BAT range, leading to the strengthening of national
regulations.

There are many roadblocks in the process of revising the IED that canmake the difference
between a “lost decade” for air quality and public health and accelerated progress:

● Howwidely will the polluters be required to comply with the stringent end of the
BAT ranges of the adopted EU BAT Conclusions under the current IED and whether
the burden-of-proof is placed on emitters to justify a less stringent limit or
exemption.

● The length of the transition period before compliance to stricter BAT is required.
Current proposals of the Council of the EU (2023) allow up to 14 years whilst a
practical timeline for carrying out the required retrofits is at most a few years.

● Whether the future process for updating BAT Conclusions for key emitting sectors
will reflect actual best available techniques and best practices.

● Howmuch of the agricultural sector is covered, the timing and ambition level of the
process to establish BAT requirements for the sector.
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Most industrial scale farming activities are currently not covered by the Industrial
Emissions Directive: only very large scale pig farms, with more than 2,000 pigs or 750 sows,
and poultry farms with more than 40,000 places are regulated, and cattle is completely
excluded. The new proposed directive aims to cover all intensive livestock activities
starting from a size equivalent to 150 dairy cows (measured in so-called livestock units).
The proposal would require the use of BAT for manure spreading, irrespective of whether
this occurs off-site. However, the operating rules defining BAT are yet to be decided. In
addition, in order to achieve significant improvements, the current definition of BAT would
have to be substantially strengthened.

This report assesses the air quality and health benefits under strong mitigation measures
for the agricultural sector and implementation of emission limits for the power and
industrial sectors that correspond to the use of best available abatement techniques. The
scope of the report is limited to end-of-pipe abatement measures; energy efficiency as well
as process and fuel changes could yield significant further reductions.

Results
Emissions

Among the studied sectors, thermal power is the largest emitter of NOx, followed by
cement and oil & gas refining. Oil & gas refining is the largest emitter of SO2, followed by
thermal power and iron & steel. Iron & steel is the largest emitter of particulate matter, with
thermal power and pulp & paper the second and third largest emitters. Thermal power is
the largest emitter of mercury.

Total NOx emissions from all countries and from all the included sectors amount to
approximately 853,000 tonnes per year. Emissions from thermal power plants seem to
outweigh the other sectorsʼ emissions (Figure 1).
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Figure 1. Top NOx polluting countries by sector in tonnes per year, based on latest reported year1

Total SO2 emissions amount to just over 600,000 tonnes per year with Polandʼs thermal
power sector contributing a sixth of this at 100,000 tonnes per year followed by Germanyʼs
thermal power at 68,000 tonnes of SO2 emissions (Figure 2). The third largest emitter is
again Germany with its oil & gas refineries.

1 The latest reporting years vary from 2017 to 2020 depending on the country
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Figure 2. Top SO2 polluting countries by sector in tonnes per year, based on latest reported year

Agriculture is by far the largest ammonia emitting sector with total emissions of the gas
from the sector amounting to approximately 3.5 million tonnes a year in the EU27+UK.
Germanyʼs agricultural activities emit 650,000 tonnes of ammonia per year making it the
largest European emitter, with France accounting for 570,000 tonnes of annual emissions
and Spain emitting 430,000 tonnes of the gas.
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Figure 3. Ammonia emissions in tonnes per year from agriculture, 10 most polluting countries

These countries and sectors are also large emitters of mercury (Hg), a neurotoxic pollutant
that harms the development of fetuses, and increases the risk of chronic diseases in
adults. More than 1.8 million babies are born each year in the EU with unsafe levels of
mercury exposure during pregnancy (Bellanger et al., 2013). The mercury emissions from
all the sectors and countries for the different reporting years amount to 21 tonnes per year.

Table 1 shows the annual pollutant emissions for each sector compared to the emissions
under the BAT scenario. For all sectors and pollutants, the BAT emissions are lower than
actual emissions, most times half the amount of actual NOx, SO2 or mercury emissions. The
largest absolute emissions reductions are realized in the thermal power sector, while the
iron & steel, cement and refining industries have the largest potential for reductions in
percentage terms.
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Table 1. Sectoral emissions by pollutant, actual compared to BAT

Emissions

NOx, t/a SO2, t/a PM2.5, t/a Hg, t/a

Sector Actual BAT Actual BAT Actual BAT Actual BAT

Cement 141,000 28,500 26,500 6,440 577 118 2.5 0.3

Chemicals 29,300 16,800 9,050 3,390 463 270 0.7 0.6

Iron &
Steel

72,900 29,600 71,200 19,000 9,890 3,140 2.1 0.95

Oil & gas
refineries

78,700 37,700 143,000 31,300 809 809 0.4 -

Pulp &
paper

24,200 9,390 5,160 2,030 1,230 265 0.89 0.6

Other
industries2

8,160 4,580 3,710 1,015 148 90 2.8 1.6

Thermal
Power

499,000 252,000 347,000 55,400 8,630 3,400 11.8 5.6

Gaps in emission reporting

Work on this report has made apparent that the EUʼs current system for reporting on
pollutant emissions from industrial facilities, the EEA Industrial Reporting Database and
Industrial Emissions Portal, is not fit for purpose (EEB, 2022c) and far behind best
international practice. The system is further undermined by incomplete and grossly
delayed reporting by manymember states. There are multiple issues:

● Only annual data is reported, making comparisons to daily and other short-term
emission limits, as well as detailed air quality modeling, impossible.

● Only annual mass emissions (kg or tonnes per year) are reported. The stack
emission concentrations, the values that would be directly comparable to regulated
standards and emission limit values, are not reported.

2 Other industries include food processing, non-ferrous metals, processing of ferrous metals and waste
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● Permit conditions in force and compliance information are not integrated with
emissions data.

● Activity or output data that would enable emissions benchmarking or assessment
of the performance on pollution prevention and reduction across facilities is not
reported.

Timely and complete reporting of emissions and environmental compliance would provide
a more accurate picture of good and bad performers, leveling the environmental playing
field and improving public accountability.

Health and economic impacts

Wemodeled the health impacts and costs under two scenarios, the “Actual” scenario with
latest reported air emissions by each sector, and the “BAT” scenario taking into account
emissions under stricter BAT values and estimatedmitigation measures. We estimate that
air pollution from all the assessed sectors is responsible for 89,600 (95% CI: 66,900 –
102,000) deaths a year in the EU and the UK with a corresponding economic burden on the
countries amounting to €248 billion (95% CI: €183 – €286 billion) every year. These figures
could be reduced almost by half if all the countries followed the best performance
identified in BAT conclusions, and BAT conclusions reflected best international practices.
Note that further air emission reductions could be achieved by the implementation of
other BATmeasures such as strict energy efficiency performance or electrification of
combustion processes which have not been considered in the modeling.

We find that the agricultural sector alone contributes the most to annual deaths and
associated health and economic costs in the EU27+UK. Therefore, the gains from the
agricultural sector if it were to follow stronger emission mitigation measures are huge —
approximately 27,000 deaths could be avoided every year and €75 billion in costs could be
saved (Table 1). The gains from the industrial manufacturing and power generation sectors
combined are 10,000 avoided deaths annually with €28.5 billion in total avoided economic
costs. The total avoided deaths for the thermal power sector would be 5,000 per year, with
the avoided health costs worth approximately €13.7 billion. Decreased agricultural
emissions of NH3 are due to a combination of measures, most importantly low emission
application of manure and covered housing of livestock.
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Table 2. Deaths and total economic costs of Actual and BAT emissions by sector (95% confidence
intervals in parentheses)

Sector Scenario Deaths External Costs (Bln €)

Agriculture Actual 72,500 (54,400 – 81,600) 202 (149 – 230)

BAT 45,500 (34,100 – 51,200) 127 (93.5 – 144)

Cement Actual 1,870 (1,360 – 2,330) 5.0 (3.66 – 6.19)

BAT 412 (301 – 495) 1.12 (0.81 – 1.33)

Chemicals Actual 551 (404 – 673) 1.50 (1.10 – 1.82)

BAT 311 (226 – 396) 0.84 (0.61 – 1.06)

Iron & steel Actual 2,570 (1,900 – 3,050) 7.05 (5.17 – 8.38)

BAT 895 (658 – 1,080) 2.45 (1.79 – 2.95)

Oil & gas refineries Actual 2,690 (2,010 – 3,060) 7.46 (5.50 – 8.57)

BAT 855 (638 – 966) 2.37 (1.74 – 2.70)

Pulp & paper Actual 251 (176 – 351) 0.66 (0.47 – 0.90)

BAT 94 (63 – 153) 0.24 (0.17 – 0.37)

Other industries Actual 191 (115 – 422) 0.45 (0.30 – 0.95)

BAT 104 (60 – 251) 0.24 (0.15 – 0.55)

Thermal power Actual 8,930 (6,520 – 11,000) 24.3 (17.7 – 29.6)

BAT 3,930 (2,860 – 4,870) 10.6 (7.75 – 13.1)

The country with the largest contribution to the health impacts of agricultural ammonia
emissions is Germany, with attributable annual deaths reaching nearly 22,000, followed by
France which is responsible for an estimated 9,500 annual deaths and, at third place, Italy
with approximately attributable 7,400 deaths. The corresponding economic costs related
to the health impacts of agricultural air pollution from these countriesʼ emissions are
€59.2 billion, €26.7 billion and €20.6 billion, respectively. If we combine all the deaths from
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the industrial sector as a whole with the power sector, Germanyʼs industrial and power
activities contribute to the largest number of deaths again amounting to around 6,000,
with Polandʼs activities causing over 2,000 annual deaths and France nearly 1,700 deaths.

Table 3. Deaths from 10 of the most polluting countries by sector

Deaths

Country Agriculture Cement Iron & steel Oil & gas
refineries

Thermal power

Germany 21,300 (16,000 –
23,900)

463 (338 –
575)

1,110 (826 –
1,290)

835 (625 – 942) 3,450 (2,530 – 4,230)

France 9,590 (7,190 – 10,800) 356 (259 –
421)

357 (263 – 423)
264 (197 – 300) 465 (342 – 534)

Italy 7,400 (5,550 – 8,330) 195 (142 –
224)

210 (153 – 256)
367 (273 – 420) 397 (292 – 457)

Poland 5,500 (4,120 – 6,190) 53 (37 – 78) 149 (109 – 181) 17 (12 – 19) 1,880 (1,370 – 2,390)

Spain 3,630 (2,720 – 4,080) 120 (84 – 152) 62 (45 – 78) 249 (186 – 286) 143 (104 – 170)

UK 5,540 (4,160 – 6,240) 141 (106 –
173)

182 (134 – 233) 288 (218 – 322) 343 (257 – 424)

Belgium 2,620 (1,960 – 2,950) 133 (100 –
165)

158 (120 – 181) 149 (113 – 168) 54 (41 – 59)

Czechia 2,150 (1,610 – 2,420) 49 (36 – 58) 152 (112 – 180) 14 (10 – 16) 681 (488 – 908)

Romania 1,820 (1,360 – 2,050) 111 (80 – 129) 60 (44 – 72) 29 (21 – 34) 419 (307 – 483)

Hungary 2,130 (1,590 – 2,390) 38 (26 – 50) 44 (33 – 50) 21 (16 – 25) 203 (148 – 236)

We estimated the avoided health impacts at the EU level due to reductions in pollutants
from the agricultural, power generation and the largest industrial sectors.

There are major health benefits related to the decrease in emissions, especially the
reduction in power plant and industrial NOx and SO2 emissions, as well as ammonia
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emissions from agriculture. These gases are important precursors to PM2.5, and NOx is also
a key precursor to ozone. PM2.5 is of particular danger to human health as it can penetrate
deep into the lungs and into the bloodstreamwhen inhaled and consequently increasing
the risk of multiple cardiovascular and respiratory diseases. Over 20 million restricted
activity days could be avoided due to reductions in the contribution of the agricultural
sector to PM2.5 levels, and a further 7 million restricted days could be avoided from the
power and industry sectors combined.

Interestingly, the reduction in ammonia emissions in the agricultural sector increases
ozone (O3) levels which would worsen some of the health impacts such as cardiac hospital
admissions, minor restricted activity days and respiratory medication use by adults,
depicted in Table 4 with a negative sign. The reduction in ozone levels happens because
NOx can either react with NH3 to form PM2.5, or with Volatile Organic Compounds (VOCs) to
form ozone. Therefore, decreased NH3 emissions due to implementing BAT in the
agricultural sector leads to an increased availability of NOx to form ozone.

The potential increases in ozone concentrations due to reduced ammonia emissions from
agriculture would bemore than offset by the reductions in NOx emissions in the power and
industry sectors. These emission reductions could lead to 1,400 avoided preterm births,
1,300 avoided respiratory hospital admissions and 77,000 avoided days of asthma attacks
per year in children. Lower PM2.5 levels due to emission reductions in the agricultural
sector could avoid 207,000 days of unnecessary asthma attacks in children and 27,000
deaths annually.

Table 4. Avoided health impacts from the application of BAT in the agricultural sector and in the
power & industrial sectors combined

Outcome Pollutant Power & industry Agriculture

Cardiac hospital
admissions, all ages

O3 120,500 (67,700 – 172,000) -18,300 (-10,300 – -26,100)

Chronic bronchitis3 PM2.5 3,540 (1,210 – 5,720) 9,520 (3,260 – 15,400)

Chronic mortality PM2.5 10,040 (7,530 – 11,300) 27,000 (20,300 – 30,400)

Minor restricted activity
days, ages 18-64

O3 494,000 (192,000 – 799,000) -75,100 (-29,300 – -121,000)

3 Population aged over 27 years
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Preterm births PM2.5 1,420 (662 – 1,510) 3,820 (1,780 – 4,070)

Respiratory hospital
admissions, all ages

PM2.5 1,340 (-127 – 2,850) 3,620 (-343 – 7,650)

Asthma attacks,
children

PM2.5 77,100 (16,500 – 140,000) 207,000 (44,400 – 378,000)

Restricted activity days PM2.5 7,530,000 (6,730,000 –
8,490,000)

20,200,000 (18,100,000 –
22,800,000)

How air pollution contributes to death and disease and how the contribution can be quantified

Numerous long-term health studies have shown that people living in areas with higher
average levels of pollutants such as PM2.5, ozone, NO2 andmercury have a higher risk of a
range of negative health outcomes, including death. Each of these pollutants affects the
body in different ways.

The scientific basis for quantifying the health effects of different pollutants is the body of
epidemiological studies that compare the risk of different health issues in people living
in areas with different levels of pollution. In the case of short-term and acute impacts, it
is also possible to compare the risk for the same group of people during days with low
and high pollution levels.

The findings of these studies have allowed scientists to develop concentration-response
functions that show how deaths increase or decrease when air pollutant levels change.

Health impact assessment studies take these relationships, and apply them to observed
incidence of different health outcomes, and observed level of exposure to pollution.
Based on the concentration-response relationships, we can project howmuch the risk of
e.g., lung cancer or asthma attacks would be lowered if pollution from the studied
sources was eliminated, and consequently howmany cases of such health outcomes
would be avoided. These avoided health outcomes are considered attributable to air
pollution.

Many health impact studies use the term "premature" deaths to refer to deaths
attributed to air pollution. This terminology is a relic from times when only short-term,
acute mortality was linked to air pollution, and therefore the loss of life expectancy
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associated with deaths from air pollution was measured in days or weeks. According to
current understanding, the loss of life expectancy from air pollution-related deaths
averages 10–20 years and includes people in their 30s and 40s with a remaining life
expectancy of 40 years or more, as well as children with a life expectancy of 70 years or
more. We do not, therefore, consider the term appropriate or instructive anymore.

Methodology
Air emissions projections

For all industrial sectors, “actual” emissions data refers to the latest data reported to the
EEA Industrial Reporting Database. This database comprises two emissions datasets, one
for combustion emissions from Large Combustion Plants (LCP) (“Installations”) and one for
both combustion and process emissions from all industrial emitters (“facilities”), with
different coverage of emissions species, and different information available. The LCP
dataset includes data on fuel use, and only covers the emissions of SO2, NOx and dust. The
data was screened for implausible data points by calculating the ratio of pollutant
emissions to fuel input and CO2 emissions for each facility and pollutant, and discarding
values that were more than five median absolute deviations removed from themedian
value for the economic sector.

For each sector, a counterfactual emissions projection was calculated assuming the use of
best available emission mitigation techniques relating to air emissions, without changes to
fuels or production processes, e.g., electrification to substitute combustion and hence
preventing on site generation of air emissions. This means that the potential to prevent or
reduce emissions through the use of clean energy, energy efficiency or changing
production processes is not included in the “BAT” scenario. Other environmental
co-benefits on strict BAT implementation relating to other media such as water, soil, waste
management and phase out of chemicals of concern substances on site have not been
factored into this projection of health benefits.

For all sectors, dust emissions concentration levels of 5 mg/Nm3 andmercury
concentration levels of 1 µg/Nm3, based on the lower BAT levels in the LCP BREF for coal
and lignite, was taken as BAT. Flue gas streams from other sectors can be treated to these
levels using the same abatement techniques such as fabric filter and advanced ESP filters
or a combination of those for dust and dedicated mercury control techniques applicable to
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any flue gas stream, so there is no valid reason to apply less efficient techniques in other
sectors. The exception is the refining sector where there was no reliable way to estimate
total flue gas volumes, and therefore the effect of applying these limits couldnʼt be
estimated.

For the iron & steel and cement sectors, the definition of BAT for SO2 and NOx emission
control was based on Chinaʼs ultra-low emission (ULE) standards, which require SO2

concentrations below 35mg/Nm3 and NOx concentrations below 50mg/Nm3 in flue gas for
both sectors.

Conversions between dust, PM10 and PM2.5 emissions were done using the ratios in the
EMEP Guidebooks for each emitting sector, and in the case of combustion plants, for each
fuel.

Large combustion plants

For LCPs, BAT was defined as compliance with the lower BAT-aligned emission levels in the
LCP BREF document (European Commission, 2021).

Emissions of SO2, NOx and dust were taken from the LCP data, andmercury emissions from
the facility data.

Calculating annual emissions under the BAT emission levels requires estimating the flue
gas volumes of the plants. These were calculated based on reported fuel consumption (C)
and specific flue gas volumes (SFGV) for each fuel type taken from Graham et al. (2012).
BAT-aligned emissions EBAT then become:

𝐸
𝑝𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡
𝐵𝐴𝑇 =

𝑓𝑢𝑒𝑙
∑ 𝐿

𝑓𝑢𝑒𝑙,𝑝𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡
× 𝐶

𝑓𝑢𝑒𝑙
× 𝑆𝐹𝐺𝑉

𝑓𝑢𝑒𝑙( )

where L is the lower BAT-aligned emission level.

In order to avoid double counting with the other sectors, LCPs with their main activity in
the iron and crude steel, refining or cement sectors were excluded.

Iron & steel

BAT for iron & steel was defined as compliance with Chinaʼs ultra-low emission standards
(Bo et al. 2021; MEE 2019). South Korea, Taiwan and Japan have equally strict emission
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control requirements, but Chinaʼs ultra-low emission standards are by far the most widely
applied set of standards, with 240 million tonnes of production capacity retrofitted for
compliance by February 2023, and another 460 Mt in the process of completing the
retrofits (China Metallurgical News, 2023), in addition to the construction of new plants.
This demonstrates the availability of the techniques for compliance.

Given the complexity of the production processes in the sector, emissions were
benchmarked on the national level. Steel production through different routes by country
was obtained from the World Steel Association annual World Steel in Figures publications
(see e.g. WSA, 2022).

The emission intensity of BF-BOF steel production under Chinaʼs ultra-low emission
standards are taken from Bo et al. (2021), and EAF steel from EMEP Guidebook 2019 (EEA,
2019). Emissions under the application of BAT were then projected as:

,𝐸
𝑝𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡
𝐵𝐴𝑇 =

𝑟𝑜𝑢𝑡𝑒
∑ 𝑂

𝑟𝑜𝑢𝑡𝑒
× 𝐼

𝑝𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡,𝑟𝑜𝑢𝑡𝑒( )

where I denotes emission intensity per tonne of steel produced, and O is the output of
crude steel through each route (BF-BOF and EAF). Mercury and dust emissions intensity
from BF-BOF production were calculated using Bo et al. (2021) values for flue gas volumes
from the production process, and our uniform BAT emission levels (L):

𝐼
𝑝𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡,𝐵𝐹−𝐵𝑂𝐹

= 𝐿
𝑝𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡

× 𝐹𝐺𝑉
𝐵𝐹−𝐵𝑂𝐹

Refineries

Given the complexity of the production processes in the refineries sector, emissions were
benchmarked on the national level. BAT was defined as the lower end of values for
emissions per tonne of crude oil processed given in the IFC EHS Guidelines.

,𝐸
𝑝𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡
𝐵𝐴𝑇 = 𝑇 × 𝐼

𝑝𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡

where T is the throughput of crude oil in each country taken from IEA World Energy
Balances.
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Cement

Chinaʼs ultra-low emission standards for cement were used as a basis. Similar to steel,
these standards are being applied to hundreds of retrofit projects as well as newbuild
plants, demonstrating the availability of the techniques for compliance. Unlike with power
plants and steel, the standards vary by province, but the strictest standards have been
adopted by Shanxi, Shandong and Jiangsu (Polaris Network 2021; Shandong DEE 2022). In
Chinaʼs largest cement-producing province, Henan, alone, 131 cement plants had
completed the retrofits by June 2022 (Henan DRC, 2022). In Shanxi, 10 cement plants had
achieved compliance by the end of 2021 (Shanxi News Network 2022).

Flue gas volumes calculated on the basis of reported CO2 emissions in the PRTR data, and
ratio of normalized flue gas volume to CO2 emissions (FGR) from EMEP Guidebook 2019
(EEA, 2019):

𝐸
𝑝𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡
𝐵𝐴𝑇 = 𝐿

𝑝𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡
× 𝐸

𝐶𝑂2
× 𝐹𝐺𝑅.

In practice, the ultra-low emission standards require the installation of catalytic NOx

controls, and upgrades to desulfurization equipment. EU cement industry information of
2018 indicates that 240 kilns run on the less efficient SNCR NOx abatement technique, with
just 17 having the more effective catalytic controls (SCR) system (CEMBUREAU, 2021).

Agriculture

We calculate changes in agricultural emissions of ammonia (NH3) by combining the EMEP
emission inventory with results from an integrated assessment model. In the EMEP
bottom-up emission inventory, the latest available information on underlying human
activity and emission factors are combined with one another. This inventory has been
evaluated extensively and is used widely by scientists and policy makers. Because of this,
there is confidence in the magnitude and spatial pattern in the emissions of this inventory.
To calculate the change in agricultural emissions of NH3, we scale EMEP emissions by
results from an integrated assessment model. The Greenhouse Gas Air Pollution
Interactions and Synergies (GAINS) (Amann et al., 2011; Klimont et al., 2017) is a global
scale integrated assessment model and has been used to estimate the emissions of
pollutants and precursors under a range of scenarios and time periods, and the
information is archived in Evaluating the Climate and Air Quality Impacts of Short-Lived
Pollutants (ECLIPSE) (Amann et al., 2020). The most recent version of ECLIPSE (6b),
includes a maximum technical feasibility emission reduction scenario, where all feasible
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emission mitigation strategies and technologies are implemented into legislation (see the
Introduction for an overview of ammonia emission reduction strategies for agriculture). We
create a spatially-varying gridded scaling factor from the ECLIPSE dataset that represents
the change in agricultural NH3 emissions between 2020 and 2030 in the maximum
technical feasibility emission reduction scenario, and apply it to the EMEP emissions. The
advantage of this methodology is that it preserves the accuracy of the EMEP emission
inventory in capturing the magnitude and spatial variability in emissions, and combines it
with the predictive capacity of the integrated assessment model.

Health and economic impacts

The health and economic impacts of the emissions of major air pollutants from different
countries and sectors were assessed using the methodology of the report “Costs of air
pollution from European industrial facilities 2008–2012” (EEA, 2014). This framework
covers the impacts of exposure to PM2.5 and ozone due to the emissions of SO2, NOx, dust
and ammonia. The impacts of mercury emissions were estimated using the Schucht et al.
(2021) methodology, as it provides physical health impacts as well as economic costs.

The EEA (2014) methodology is based on country-level source-receptor matrices derived
from detailed atmospheric chemistry-transport modeling simulations. The matrices
capture the effect of reductions in the emissions of each of the included pollutants in one
country on the exposure to PM2.5 and ozone in all European countries. Adjustment factors
are applied to emissions from different sectors to account for the differences in the
locations of emitting sources, release height and other characteristics. There was no
adjustment factor available for the agricultural sector, but since the sector dominates
ammonia emissions, applying the source-receptor relationships for total ammonia
emissions to the sector is appropriate.

The concentration-response function for PM2.5 exposure was updated in accordance with
the Chen and Hoek (2020) meta-analysis carried out to inform the update of WHO ambient
air quality guidelines.

All economic valuations were updated to 2022 prices using the Eurozone weighted average
GDP deflator to account for inflation.

One important shortcoming of this framework is that the health impacts of exposure to
NO2 are not covered. Exposure to NO2 pollution is responsible for an estimated 136,000
deaths per year in the EU (EEA, 2023). This omission means that the avoided health
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impacts of emissions reductions from the power and industrial sectors are
underestimated.

https://energyandcleanair.org/


References
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.

and Winiwarter, W. (2011). Cost-effective control of air quality and greenhouse

gases in Europe: Modeling and policy applications. Environmental Modelling &

So�ware, Vol. 26 (12): 1489-1501. https://doi.org/10.1016/j.envso�.2011.07.012

Amann, M., Kiesewetter, G., Schöpp, W., Klimont, Z., Winiwarter, W., Cofala, J., Rafaj, P.,

Höglund-Isaksson, L., Gomez-Sabriana, A., Heyes, C., Purohit, P., Borken-Kleefeld,

J., Wagner, F., Sander, R., Fagerli, H-, Nyiri, A., Cozzi, L. and Pavarini, C. (2020).

Reducing global air pollution: the scope for further policy interventions.

Philosophical Transactions of the Royal Society A - Mathematical, Physical and

Engineering Sciences, Vol. 378 (2183). https://doi.org/10.1098/rsta.2019.0331

AMAP/UN Environment (2019). Technical Background Report for the Global Mercury

Assessment 2018. AMAP/UN Environment, 2019. Technical Background Report for

the Global Mercury Assessment 2018. Arctic Monitoring and Assessment

Programme, Oslo, Norway/UN Environment Programme, Chemicals and Health

Branch, Geneva, Switzerland. viii + 426 pp including E-Annexes.

https://www.amap.no/documents/doc/technical-background-report-for-the-glob

al-mercury-assessment-2018/1815

https://doi.org/10.1016/j.envsoft.2011.07.012
https://doi.org/10.1098/rsta.2019.0331
https://www.amap.no/documents/doc/technical-background-report-for-the-global-mercury-assessment-2018/1815
https://www.amap.no/documents/doc/technical-background-report-for-the-global-mercury-assessment-2018/1815
https://energyandcleanair.org/


Bellanger, M., Pichery, C., Aerts, D., Berglund, M., Castaño, A., Čejchanová, M., Crettaz,

P., Davidson, F., Esteban, M., Fischer, M. E., Gurzau, A. E., Halzlova, K., Katsonouri,

A., Knudsen, L. E., Kolossa-Gehring, M., Koppen, G., Ligocka, D., Miklavčič, A., Reis,

M. ccccFátima, Rudnai, P., Tratnik, J. S., Weihe, P., Budtz-Jørgensen, E., Grandjean,

P. and DEMO/COPHES. (2013). Economic benefits of methylmercury exposure

control in Europe: Monetary value of neurotoxicity prevention. Environmental

Health, Vol. 12(3). https://doi.org/10.1186/1476-069X-12-3

Bo, X., Jia, M., Xue, X., Tang, L., Mi, Z., Wang, S., Cui, W., Chang, X., Ruan, J., Dong, G.,

Zhou, B., and Davis, S. J. (2021). Effect of strengthened standards on Chinese

ironmaking and steelmaking emissions. Nature Sustainability, Vol. 4: 811-820.

https://doi.org/10.1038/s41893-021-00736-0

CEMBUREAU (2021). NOx secondary abatement installed EU 28. The European Cement

Association. [Accessed 14-03-2022].

https://cembureau.eu/media/hgqdtwlz/nox-secondary-abatement-eu28.pdf

Chen, J. and Hoek, G. (2020). Long-term exposure to PM and all-cause and

cause-specific mortality: A systematic review andmeta-analysis. Environment

International, Vol. 143 (105974). https://doi.org/10.1016/j.envint.2020.105974

China Metallurgical News (2023). Zhang Dawei: 240 million tons of crude steel

production capacity nationwide has completed the ultra-low emission retrofit

https://doi.org/10.1186/1476-069X-12-3
https://doi.org/10.1038/s41893-021-00736-0
https://doi.org/10.1038/s41893-021-00736-0
https://cembureau.eu/media/hgqdtwlz/nox-secondary-abatement-eu28.pdf
https://doi.org/10.1016/j.envint.2020.105974
https://energyandcleanair.org/


process. [张大伟：全国2.4亿吨粗钢产能已完成超低排放全流程改造.]

https://m.mysteel.com/23/0215/07/D0B09D797D900834_abc.html

Committee on the Medical Effects of Air Pollutants (COMEAP) (2010). The Mortality

Effects of Long-Term Exposure to Particulate Air Pollution in the United Kingdom.

A report by the Committee on the Medical Effects of Air Pollutants.

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/at

tachment_data/file/304641/COMEAP_mortality_effects_of_long_term_exposure.

pdf

Council of the EU (2023). General approach on the proposal of the Industrial emissions

directive. Outcome of Proceedings, 16 March 2023.

https://data.consilium.europa.eu/doc/document/ST-7537-2023-INIT/en/pdf

DEFRA (2018). Code of Good Agricultural Practice (COGAP) for Reducing Ammonia

Emissions. Department of Environment, Food & Rural Affairs.

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/at

tachment_data/file/729646/code-good-agricultural-practice-ammonia.pdf

Department of Ecology and Environment of Shandong Province (Shandong DEE)

(2022). Implementation plan for cement industry ultra-low emission retrofits in

Shandong Province. [山东省水泥行业超低排放改造实施方案.]

https://www.chndaqi.com/news/336332.html

https://m.mysteel.com/23/0215/07/D0B09D797D900834_abc.html
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/304641/COMEAP_mortality_effects_of_long_term_exposure.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/304641/COMEAP_mortality_effects_of_long_term_exposure.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/304641/COMEAP_mortality_effects_of_long_term_exposure.pdf
https://data.consilium.europa.eu/doc/document/ST-7537-2023-INIT/en/pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/729646/code-good-agricultural-practice-ammonia.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/729646/code-good-agricultural-practice-ammonia.pdf
https://www.chndaqi.com/news/336332.html
https://energyandcleanair.org/


Di, Q., Wang, Y., Zanobetti, A., Wang, Y., Koutrakis, P., Choirat, C., Dominici, F. and

Schwartz, J. D. (2017). Air Pollution and Mortality in the Medicare Population. New

England Journal of Medicine, Vol. 376: 2513-2522. DOI: 10.1056/NEJMoa1702747

European Commission (2021). Commission Implementing Decision (EU) 2021/2326 of

30 November 2021 establishing best available techniques (BAT) conclusions,

under Directive 2010/75/EU of the European Parliament and of the Council, for

large combustion plants (notified under document C (2021) 8580) (Text with EEA

relevance). OJ L 469. http://data.europa.eu/eli/dec_impl/2021/2326/oj/eng

European Commission (2022a). Proposal for a REGULATION OF THE EUROPEAN

PARLIAMENT AND OF THE COUNCIL on reporting of environmental data from

industrial installations and establishing an Industrial Emissions Portal.

COM/2022/157 final. Document 52022PC0157.

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A52022PC0157

European Commission (2022b). Green Deal: Modernising EU industrial emissions rules

to steer large industry in long-term green transition. Press release, 5 April 2022.

https://ec.europa.eu/commission/presscorner/detail/en/ip_22_2238

European Environment Agency (EEA) (2014). Costs of air pollution from European

industrial facilities 2008–2012 — an updated assessment. EEA Technical report No

https://www.nejm.org/doi/full/10.1056/nejmoa1702747
http://data.europa.eu/eli/dec_impl/2021/2326/oj/eng
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A52022PC0157
https://ec.europa.eu/commission/presscorner/detail/en/ip_22_2238
https://energyandcleanair.org/


20/2014.

https://www.eea.europa.eu/publications/costs-of-air-pollution-2008-2012

European Environment Agency (EEA) (2019). EMEP/EEA air pollutant emission

inventory guidebook 2019 - Technical guidance to prepare national emission

inventories. EEA report NO 13/2019.

https://www.eea.europa.eu/publications/emep-eea-guidebook-2019/at_downloa

d/file

European Environment Agency (EEA) (2021). European Union emission inventory

report 1990-2019 under the UNECE Convention on Long-range Transboundary Air

Pollution (Air Convention). EEA Report No 05/2021.

https://www.eea.europa.eu//publications/lrtap-1990-2019

European Environment Agency (EEA) (2023). Health impacts of air pollution in Europe,

2022. Web Report. [Accessed 16-03-2023].

https://www.eea.europa.eu/publications/air-quality-in-europe-2022/health-impa

cts-of-air-pollution

European Environmental Bureau (EEB) (2019a). Detailed EEB dra� Input to IED

evaluation.

https://eipie.eu/wp-content/uploads/2021/07/EEB-dra�-input-to-IED-Evaluation-

FINALv2.pdf,

https://www.eea.europa.eu/publications/costs-of-air-pollution-2008-2012
https://www.eea.europa.eu/publications/emep-eea-guidebook-2019/at_download/file
https://www.eea.europa.eu/publications/emep-eea-guidebook-2019/at_download/file
https://www.eea.europa.eu//publications/lrtap-1990-2019
https://www.eea.europa.eu/publications/air-quality-in-europe-2022/health-impacts-of-air-pollution
https://www.eea.europa.eu/publications/air-quality-in-europe-2022/health-impacts-of-air-pollution
https://eipie.eu/wp-content/uploads/2021/07/EEB-draft-input-to-IED-Evaluation-FINALv2.pdf
https://eipie.eu/wp-content/uploads/2021/07/EEB-draft-input-to-IED-Evaluation-FINALv2.pdf
https://energyandcleanair.org/


European Environmental Bureau (EEB) (2019b). Input to IED evaluation 2021.

https://eipie.eu/wp-content/uploads/2021/07/EEB-submission-IED-evaluation.rar

European Environmental Bureau (EEB) (2021a). Four years of unnecessary pollution:

EU governments fail to curb emissions frommost toxic plants. Press Briefing.

https://eeb.org/four-years-of-unnecessary-pollution-eu-governments-fail-to-curb

-emissions-from-most-toxic-plants/

European Environmental Bureau (EEB) (2021b). EEB input to: IED review Targeted

Stakeholder Survey by Ricardo. IED Review TSS, Final Submission 8/04/2021.

https://eipie.eu/wp-content/uploads/2021/07/IED-Review-TSS_EEB-_-FINAL-Sub

mission-8april2021.pdf

European Environmental Bureau (EEB) (2022a). The Industrial Emissions Directive.

[Accessed 17-03-2023].

https://eipie.eu/the-sevilla-process/the-industrial-emissions-directive/

European Environmental Bureau (EEB) (2022b). NGO Briefings on IED and IEP-R.

https://eipie.eu/briefings-by-eeb/

European Environmental Bureau (EEB) (2022c). 10 points for pollution prevention

reporting fit for the digital age.

https://eipie.eu/wp-content/uploads/2021/07/EEB-submission-IED-evaluation.rar
https://eeb.org/four-years-of-unnecessary-pollution-eu-governments-fail-to-curb-emissions-from-most-toxic-plants/
https://eeb.org/four-years-of-unnecessary-pollution-eu-governments-fail-to-curb-emissions-from-most-toxic-plants/
https://eipie.eu/wp-content/uploads/2021/07/IED-Review-TSS_EEB-_-FINAL-Submission-8april2021.pdf
https://eipie.eu/wp-content/uploads/2021/07/IED-Review-TSS_EEB-_-FINAL-Submission-8april2021.pdf
https://eipie.eu/the-sevilla-process/the-industrial-emissions-directive/
https://eipie.eu/briefings-by-eeb/
https://energyandcleanair.org/


https://eipie.eu/wp-content/uploads/2022/12/10-points-for-pollution-prevention-rep

orting-fit-for-the-digital-age.pdf

European Monitoring and Evaluation Programme (EMEP) (2021). Transboundary

particulate matter, photo-oxidants, acidifying and eutrophying components.

Status Report 1/2021.

https://emep.int/publ/reports/2021/EMEP_Status_Report_1_2021.pdf

Giannakis, E., Kushta, J., Bruggeman, A. and Lelieveld, J. (2019). Costs and benefits of

agricultural ammonia emission abatement options for compliance with European

air quality regulations. Environmental Sciences Europe, Vol. 31 (93).

https://doi.org/10.1186/s12302-019-0275-0

Graham, D., Harnevie, H., van Beek, R. and Blank, F. (2012). Validated methods for flue

gas flow rate calculation with reference to EN 12952-15. KEMA Nederland B.V.

https://www.vgb.org/vgbmultimedia/rp338_flue_gas.pdf

Henan Province Development and Reform Commission (Henan DRC) (2023). List of

iron and steel cement enterprises that have completed ultra-low emission retrofit

evaluation andmonitoring. [关于完成超低排放改造评估监测钢铁水泥企业名单

的公示]. https://www.ccement.com/news/content/12543284364155001.html

Hicks, W. K, McKendree, J., Sutton M.A., Cowan, N., German, R., Dore, C., Jones, L.,

Hawley, J. and Eldridge, H. (2022). A COMPREHENSIVE APPROACH TO NITROGEN

https://eipie.eu/wp-content/uploads/2022/12/10-points-for-pollution-prevention-reporting-fit-for-the-digital-age.pdf
https://eipie.eu/wp-content/uploads/2022/12/10-points-for-pollution-prevention-reporting-fit-for-the-digital-age.pdf
https://emep.int/publ/reports/2021/EMEP_Status_Report_1_2021.pdf
https://doi.org/10.1186/s12302-019-0275-0
https://www.vgb.org/vgbmultimedia/rp338_flue_gas.pdf
https://www.ccement.com/news/content/12543284364155001.html
https://energyandcleanair.org/


IN THE UK. A Report Commissioned by WWF-UK.

https://www.wwf.org.uk/sites/default/files/2022-02/WWF_Comprehensive_Appro

ach_to_N_Final.pdf

Klimont, Z., Kupiainen, K., Heyes, C., Purohit, P., Cofala, J., Rafaj, P., Borken-Kleefeld, J.

and Schöpp, W. (2017). Global anthropogenic emissions of particulate matter

including black carbon. Atmospheric Chemistry and Physics, Vol. 17: 8681-8723.

https://doi.org/10.5194/acp-17-8681-2017

Landrigan, P. J., Fuller, R., Acosta, N. J. R., Adeyi, O… & Zhong, M. (2018). The Lancet

Commission on pollution and health. The Lancet Commissions, Vol. 391 (10119):

462-512.

https://www.thelancet.com/pdfs/journals/lancet/PIIS0140-6736(17)32345-0.pdf

Lelieveld, J., Klingmüller, K., Pozzer, A., Pöschl, U., Fnais, M., Daiber, A. and Münzel, T.

(2019). Cardiovascular disease burden from ambient air pollution in Europe

reassessed using novel hazard ratio functions. European Heart Journal, Vol. 40

(20): 1590-1596. https://doi.org/10.1093/eurheartj/ehz135

Ministry of Ecology and Environment, China (MEE) (2019). Opinions on promoting the

implementation of ultra-low emissions in the iron and steel industry. [关于推进实

施钢铁行业超低排放的意见.]

https://www.mee.gov.cn/xxgk2018/xxgk/xxgk03/201904/t20190429_701463.html

https://www.wwf.org.uk/sites/default/files/2022-02/WWF_Comprehensive_Approach_to_N_Final.pdf
https://www.wwf.org.uk/sites/default/files/2022-02/WWF_Comprehensive_Approach_to_N_Final.pdf
https://doi.org/10.5194/acp-17-8681-2017
https://www.thelancet.com/pdfs/journals/lancet/PIIS0140-6736(17)32345-0.pdf
https://doi.org/10.1093/eurheartj/ehz135
https://www.mee.gov.cn/xxgk2018/xxgk/xxgk03/201904/t20190429_701463.html
https://energyandcleanair.org/


Oenema, O., Velthof, G., Klimont, Z. & Winiwarter, W. (2012). Emissions from

agriculture and their control potentials

https://pure.iiasa.ac.at/id/eprint/10162/1/XO-12-013.pdf

Polaris Network (2021). The race is on for cement industry ultralow emissions. [水泥超

低排放号角已吹响.]

https://huanbao.bjx.com.cn/news/20210929/1179710.shtml#:~:text=2020%E5%B

9%B47%E6%9C%88%E5%8F%91%E5%B8%83,%E9%AB%98%E4%BA%8E8mg%

2Fm3%E3%80%82

Richmond, B., Misra, A., Brown, P., Karagianni, E., Murrells, T., Pang, Y., Passant, N.,

Pepler, A, Stewart, R., Thistlethwaite, G., Turtle, L., Wakeling, D., Walker, C. &

Wiltshire, J. (2020). UK Informative Inventory Report (1990 to 2018). Ricardo

Energy & Environment.

https://uk-air.defra.gov.uk/assets/documents/reports/cat07/2003131327_GB_IIR_

2020_v1.0.pdf

Shanxi News Network (2022). 10 cement clinker enterprises in Shanxi completed

ultra-low emission retrofits. [山西10家水泥熟料企业完成超低排放改造.]

https://www.dcement.com/article/202203/188793.html

Shi, L., Wu, X., Yazdi, M. D., Braun, D., Awad, Y. A., Wei, Y., Liu, P., Di, Q., Wang, Y.,

Schwartz, J., Dominici, F., Kioumourtzoglou, M-A. and Zanobetti, A. (2020).

https://pure.iiasa.ac.at/id/eprint/10162/1/XO-12-013.pdf
https://huanbao.bjx.com.cn/news/20210929/1179710.shtml#:~:text=2020%E5%B9%B47%E6%9C%88%E5%8F%91%E5%B8%83,%E9%AB%98%E4%BA%8E8mg%2Fm3%E3%80%82
https://huanbao.bjx.com.cn/news/20210929/1179710.shtml#:~:text=2020%E5%B9%B47%E6%9C%88%E5%8F%91%E5%B8%83,%E9%AB%98%E4%BA%8E8mg%2Fm3%E3%80%82
https://huanbao.bjx.com.cn/news/20210929/1179710.shtml#:~:text=2020%E5%B9%B47%E6%9C%88%E5%8F%91%E5%B8%83,%E9%AB%98%E4%BA%8E8mg%2Fm3%E3%80%82
https://uk-air.defra.gov.uk/assets/documents/reports/cat07/2003131327_GB_IIR_2020_v1.0.pdf
https://uk-air.defra.gov.uk/assets/documents/reports/cat07/2003131327_GB_IIR_2020_v1.0.pdf
https://www.dcement.com/article/202203/188793.html
https://energyandcleanair.org/


Long-term effects of PM2.5 on neurological disorders in the American Medicare

population: a longitudinal cohort study. Lancet Planetary Health, Vol. 4 (12):

E557-E565. https://doi.org/10.1016/S2542-5196(20)30227-8

Schucht, S., Real, E., Létinois, L., Colette, A., Holland, M., Spadaro, J. V., Opie, L., Brook,

R., Garland, L., Gibbs, M., Calero, J., Zeiger, B., Rouïl, L., Brignon, J-M. & German, R.

(2021). Costs of air pollution from European industrial facilities 2008–2017.

European Topic Centre on Air pollution, transport, noise and industrial pollution.

https://www.eionet.europa.eu/etcs/etc-atni/products/etc-atni-reports/etc-atni-re

port-04-2020-costs-of-air-pollution-from-european-industrial-facilities-200820132

017

United Nations Economic Commission for Europe (UNECE). 2017. Emission Reduction

Commitments. [Accessed 9-11-21].

https://unece.org/DAM/env/documents/2017/AIR/Gothenburg%5FProtocol/Annex

%5FII%5Fand%5FIII%5Fupdated%5Fclean.pdf

Vohra, K., Vodonos, A., Schwartz, J., Marais, E. A., Sulprizio, M. P. and Mickley, L. J.

(2021). Global mortality from outdoor fine particle pollution generated by fossil

fuel combustion: Results from GEOS-Chem. Environmental Research, Vol. 195

(110754). https://doi.org/10.1016/j.envres.2021.110754

https://doi.org/10.1016/S2542-5196(20)30227-8
https://www.eionet.europa.eu/etcs/etc-atni/products/etc-atni-reports/etc-atni-report-04-2020-costs-of-air-pollution-from-european-industrial-facilities-200820132017
https://www.eionet.europa.eu/etcs/etc-atni/products/etc-atni-reports/etc-atni-report-04-2020-costs-of-air-pollution-from-european-industrial-facilities-200820132017
https://www.eionet.europa.eu/etcs/etc-atni/products/etc-atni-reports/etc-atni-report-04-2020-costs-of-air-pollution-from-european-industrial-facilities-200820132017
https://unece.org/DAM/env/documents/2017/AIR/Gothenburg%5FProtocol/Annex%5FII%5Fand%5FIII%5Fupdated%5Fclean.pdf
https://unece.org/DAM/env/documents/2017/AIR/Gothenburg%5FProtocol/Annex%5FII%5Fand%5FIII%5Fupdated%5Fclean.pdf
https://doi.org/10.1016/j.envres.2021.110754
https://energyandcleanair.org/


World Health Organization (WHO) (2021). WHO global air quality guidelines:

particulate matter ( PM2.5 and PM10) , ozone, nitrogen dioxide, sulfur dioxide and

carbonmonoxide. World Health Organization. License: CC BY-NC-SA 3.0 IGO.

https://apps.who.int/iris/handle/10665/345329

World Steel Association (WSA) (2022). World Steel in Figures 2022.

https://worldsteel.org/steel-topics/statistics/world-steel-in-figures-2022/

Yu, W., Ye, T., Zhang, Y., Xu, R., Lei, Y., Chen, Z., Yang, Z., Zhang, Y., Song, J., Yue, X., Li, S.

and Guo, Y. (2023). Global estimates of daily ambient fine particulate matter

concentrations and unequal spatiotemporal distribution of population exposure:

a machine learning modelling study. Lancet Planet Health, Vol. 7: e209-218.

https://www.thelancet.com/action/showPdf?pii=S2542-5196%2823%2900008-6

https://apps.who.int/iris/handle/10665/345329
https://worldsteel.org/steel-topics/statistics/world-steel-in-figures-2022/
https://www.thelancet.com/action/showPdf?pii=S2542-5196%2823%2900008-6
https://energyandcleanair.org/

