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Air Pollutant Inventories for England, Scotland, Wales, and Northern Ireland: 1990-2018

1 Introduction

This is the Air Pollutant Inventory Report for England, Scotland, Wales, and Northern Ireland, presenting
emissions inventories for each region for the period 1990 to 2018 for the following priority pollutants:

Ammonia (NHs)

Carbon monoxide (CO)

Nitrogen oxides (NOx as NO2)

Non-methane volatile organic compounds (NMVOCSs)
Particulate matter less than 10 micrometres (PMuo)
Particulate matter less than 2.5 micrometres (PMa.s)
Sulphur dioxide (SO2)

Lead (Pb)

In addition to the above suite of air pollutants, for which source data and inventory methods are well-established,
experimental inventory statistics are included in Appendix C for emissions of: (i) dioxins and furans (PCDD/Fs),
and (ii) benzo[a]pyrene (B[a]p). These are priority toxic pollutants, emission estimates for which are included
within the scope of UK inventory submissions under the Convention on Long-Range Transboundary Air Pollution
(CLRTAP). These inventories were presented for the first time in the last submission (the 1990-2017 inventory).
The data quality at sub-national level is such that the PCDD/F and B[a]p inventory data continue to be regarded
as experimental statistics at this stage. Further work may be needed to improve the quality of DA estimates
across the full time-series; see Appendix C for further detalils.
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These inventories are compiled on behalf of the UK Department for Environment, Food & Rural Affairs (Defra),
the Scottish Government, the Welsh Government and the Department of Agriculture, Environment and Rural
Affairs for Northern Ireland, by the UK emission inventory teams at Ricardo Energy & Environment, Aether,
Rothamsted Research, and the UK Centre for Ecology & Hydrology (UKCEH).

1.1 Background to Inventory Development

The development of air pollutant inventories (API) for England and each of the Devolved Administrations (DAS)
has been commissioned by Defra to better inform policy-makers within the Devolved Administrations in their
pursuit of objectives set by the Air Quality Strategy for England, Scotland, Wales and Northern Ireland. These
objectives also contribute to the UKd&ds targets in
local and transboundary air pollution. D e f rCleénsAir Strategy 2019 sets out how the UK intends to reduce
pollutant emissions, making our air healthier to breathe, protecting nature and boosting the economy. The
strategy is available here: https://www.gov.uk/government/publications/clean-air-strategy-2019.

The provision of DA-level datasets and subsequent identification of key sources at more regional and local
levels is a key step to enable prioritisation of local action and to highlight the potential impacts of specific policies
and measures. The time-series of air pollutant emissions provides an insight into the effects of environmental
policies and may help to identify where policies could be pursued to achieve both Air Quality and Greenhouse
Gas policy goals.

Further information on the background of the inventory development can be found in Appendix A.

1.2 About the Air Pollutants

Each of the priority air pollutants for which DA inventories are calculated are briefly described below. Further
information can be found on the NAEI website: http://naei.defra.gov.uk/overview/ap-overview, which includes
an overview of the health impacts of these pollutants.

1 Ammonia (NHs3) emissions play a key role in several different environmental issues including
acidification, eutrophication, and changes in biodiversity. The atmospheric chemistry of NHz and
ammonium (NH4*) is such that transport of the pollutants can vary greatly, and that as a result, NHs
emissions can exert impacts on a highly localised level, as well as contributing to the effects of long-
range pollutant transport. Agriculture is an important source of NHs within the UK, with the vast majority
of emissions arising from this sector. Non-agricultural sources of NHz are diverse. Emission estimates

term
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for non-agricultural sources are often highly uncertain since ammonia tends to originate from diffuse
sources, leading to a lack of activity and emission factor data.

1 Carbon monoxide (CO) arises primarily from incomplete fuel-combustion and industrial processes. CO
is of concern mainly due to its toxicity and its role in tropospheric ozone formation. In terms of human
health, CO combines with haemoglobin in blood, decreasing the uptake of oxygen by the lungs, with
symptoms varying from nausea to asphyxiation depending upon the level of exposure.

1 Nitrogen oxides (NOy) arise primarily from combustion sources. The estimation of these emissions is
complex since the nitrogen can be derived from either the fuel or atmospheric nitrogen. The emission
is dependent on the conditions of combustion, in particular, temperature and excess in air-fuel ratio (this
is the extent by which oxygen in the air is in excess of the minimum amount required for complete
combustion of the fuel), which can vary considerably. Thus, combustion conditions, engine load and
even state of maintenance are important. Studies into the effects of exposure on human health suggest
NOx has an exacerbating effect on respiratory illnesses and cardiovascular disease; however, due to
NOx often being co-emitted with several other pollutants, the quantification of health impacts from NOx
alone is complex (COMEAP, 2018).

1 Non-Methane Volatile Organic Compounds (NMVOCSs) are emitted to air from a large, diverse range
of sources from across many industrial sectors, transport, agriculture, and the residential sector. They
are emitted primarily as combustion by-products, as vapour arising from the transfer, storage and
handling or use of petroleum distillates, or from the use of solvents or chemicals. The Solvent and Other
Product Use sector comprises industrial and domestic solvent applications (such as cleaning,
degreasing), as well as the manufacturing and processing of chemical products.

1 Particulate matter as PMio and PM_s is a measure of the size distribution of the particles emitted to
air and represents the material with an aerodynamic diameter less than 10 and less than 2.5
micrometres, respectively. Particulate matter in the atmosphere arises from primary and secondary
sources. Primary sources are direct emissions of particulate matter into the atmosphere and arise from
a wide range of sources such as fuel combustion and mechanical break-up in, for example, quarrying
and construction sites. Particulate matter may be formed in the atmosphere through reactions of other
pollutants such as SOz, NOx and NHzs to form solid sulphates and nitrates, as well as organic aerosols
formed from the oxidation of NMVOCs. These are known as secondary sources. These inventories only
consider primary sources. For further information on secondary particulates see the Air Quality Expert
Group (AQEG) Report on particulate matter in the United Kingdom (AQEG, 2005) and on fine particulate
matter (PM2.s) in the United Kingdom (AQEG, 2012).

1 Sulphur dioxide (SO2) emissions commonly arise from combustion and can be calculated from the
sulphur content of the fuel and from information on the amount of sulphur retained in the ash. Inventory
estimates are produced using UK energy statistics, together with information on the sulphur content of
liquid fuels and data on sulphur content of coal from coal suppliers.

1 Lead (Pb) emissions, prior to 1999 arose primarily from the combustion of leaded petrol. The lead
content of petrol was reduced from around 0.34 g/l to 0.143 g/l in 1986. From 1987, sales of unleaded
petrol increased, particularly as a result of the increased use of cars fitted with three-way catalytic
converters which are incompatible with leaded petrol due to catalyst poisoning. Leaded petrol was then
phased out from general sale at the end of 1999. These changes have caused a significant decline in
total Pb emissions across the UK between 1990 and 2000. The UK-wide emissions of Pb now primarily
originate from combustion sources (mainly of solid fuels, biomass, and lubricants in industrial and
residential sectors), and from metal production processes at foundries and iron and steel works.

1.3 Data Sources and Inventory Methodology

The EnglandandDev ol ved Administrationsé inventories are
presented within the &JK Informative Inventory Report (1990 to 2018)d(Richmond, et al., 2020), derived from
the National Atmospheric Emissions Inventory (NAEI). The emission estimates for each pollutant are presented
in Nomenclature for Reporting (NFR) format, to be consistent with the UK inventory submissions to the United
Nations Economic Commission for Europe (UNECE), which follow international inventory reporting guidelines.
Emission estimates at the national level are made using direct emission measurements (e.g. for industrial point

comp
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sources) or by combining activity data with a mixture of country-specific and default emission factors
(EMEP/EEA Guidebook, 2019). These are known as dottom-updand dop-downdapproaches, respectively.

The method for disaggregating UK emission totals across England and the Devolved Administrations (DAS)
draws on a combination of point source data (e.g. Pollution Inventory® data for industrial emissions) and sub-
national and local datasets such as:

1 BEIS sub-national statistics on energy use;

1 Other regional energy use data for specific industries or regional data on raw material consumption or
sector-specific production;

Data on vehicle kilometres;

Domestic and international flight data from each major UK airport;

Regional housing, employment, population, and economic data;

Agricultural surveys (livestock numbers, crop production, fertiliser application);

1 Land use survey data.
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Disaggregated emission estimates are only published when they can be directly attributed to the constituent

countries, therefore emissions from offshore oil and gas installations and the vessels servicing them are

excluded from the reported totals and accompanying dataset. In2018, t hi s oO6unall ocated6 pr
inventory total was 7% of the UK total for NMVOCs, 5% for NOx, 2% for CO and SO2 and 1% for PMio and

PM2s. The 6 u n a | | prapertioread the UK inventory was zero or negligible for the remaining pollutants. For

this reason, the sum of the DA total emissions for these pollutants will not match the published UK national

totals. Further information on the data sources and inventory methodology can be found in Appendix B.

1.4 Uncertainties

Uncertainties in the UK inventory are associated with the availability and quality of activity data, emission factors,
and the methodologies used in emissions calculations throughout the time-series. These uncertainties are
guantified in assessments using both the Tier 1 uncertainty aggregation method and a Tier 2 method using a
statistical Monte-Carlo technique. The Tier 1 methodology investigates the impact of the assumed uncertainty
of individual parameters (such as emission factors and activity statistics) upon the uncertainty in the total
emission of each pollutant. Results from both the Tier 1 methodology and the Monte-Carlo analysis are
presented in Chapter 1.7 of the 4JK Informative Inventory Report (1990 to 2018)6(Richmond, et al., 2020).

The air pollutant inventories for England, Scotland, Wales and Northern Ireland are derived by disaggregating

UK emissions across the four countries and the unallocated region, and so the UK-wide uncertainty is
compounded by further uncertainty introduced by the methods developed to split emissions on a source-activity

scale. These uncertainties are not quantified within this report. Instead, an indicative and relative uncertainty

rating is provided in Appendix E and summarised in Table1.A 61 owd rating implies a |o
in the emission estimates for the pollutant relative t
rating. Further information on the uncertainties for each pollutant can be found in Appendix E.

In general, the NAEI is regarded as an international leader in terms of quality and accuracy, e.g. through the
application of higher Tier methodologies, particularly for key sources, and a continuous improvement process.

Further commentary on the levels of uncertainty in data used to estimate the emission inventories of B[a]p and
PCDD/Fs is included in Appendix C.3.2.

1¢KS GSNY at2ffdziAz2zy LYy@SyGa2NERé Ada dzaSR KSNB (2 NBLNBaSyd GK!
The Environment Agency, the Scottish Environment Protection Aghllatyral Resources Walasd the Northern Ireland
Environmemn Agency which comprise annual emission estimates from all EERAgulated processes under their authority.
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Table 17 Indicative uncertainty rating for each pollutant present in the UK API

Pollutant Indicative Uncertainty Rating

Ammonia (NH3) Moderate
Carbon monoxide (CO) Moderate
Nitrogen oxides (NOx) Low
Non-methane volatile organic compounds (NMVOCs) Moderate
Particulate matter (PM1o0 and PMz2:5) High
Sulphur dioxide (SOz2) Low
Lead (Pb) High
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2Devol ved Administrationsé®éb

The following sections outline the findings of the inventory for each Devolved Administration, providing
information on the trends and emission estimates for each of the eight air pollutants.

These sections include the following:

1

Figures graphically presenting the inventory data, showing the annual trend from 1990 to 2018 for
each pollutant. These graphs are also disaggregated by sector, and further information on these sectors
can be found in Appendix G.

Summary information on trends is provided for each pollutant, highlighting the key reasons for the
observed trend since 1990 and other notable aspects of the trend. This information is not guided by
detailed statistical analysis, but through association of underlying trends in activity data with the visible
trends in emissions.

Normalised trends for all pollutants are graphically presented to enable pollutant comparison. This
normalised graph provides information on the relative rate at which all pollutants have declined across
the time-series, with 1990 emissions as the base value (equal to 1).

Mapped emissions for all pollutants are also provided to show the geographical disaggregation of each
pollutant. This helps the reader to identify substantive areas for emissions and the spatial patterns
associated with that pollutant. For example, NOx emissions are concentrated around the road networks
of the countries.

Sector contribution matrix provides an overview of the importance of each sector for each pollutant.
For example, the transport sector accounts for a considerable proportion of CO, NOx and PMio
emissions in some regions. This is another way in which the pollutants can be compared.

/
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2.1 England

The following section provides a summary of emissions in England for the eight priority air pollutants: NHs, CO,
NOx, NMVOCs, PM1o, PM25, SO2, and Pb. Information is also presented for emissions of PCDD/Fs and B[a]p,
with more detailed information for these two pollutants presented in Appendix C.2. Emissions of PCDD/Fs and
B[a]p should be considered as experimental statistics at this stage. Appendix F presents the DA inventory data
summary tables, whilst Appendix G presents source category mapping used in the report.

Figure 1 shows emissions of all ten air pollutants normalised to provide the relative rate of decline since 1990.
This graph shows that all pollutant emission levels are lower in 2018 than they were in 1990. The rate at which
they have declined is similar for PM1o, PM2s, NOx, NMVOC and CO. However, Pb and dioxins show a much
higher rate of reduction from 1990 to 2000 which is coincident with the phase-out of leaded petrol and the
closure of older MSW incinerators prior to 1996.

By contrast, NHz emissions have declined at a slower rate than other pollutants and have even risen in recent
years due to increases in activity from several sources; urea-based fertiliser application; increases in housed
cattle numbers and subsequent manure spreading on soils; and increases in digestate and other organic
fertilisers which are applied to soils. SOz emissions declined rapidly between 1990 and 1999 due to reductions
in the sulphur content of fuels and a shift in electricity production to natural gas and away from coal and fuel oil.
Emissions of NOx have declined notably since 2007 primarily due to reductions in road transport emissions and
the emissions from the power generation sector.

Figure 17 England normalised trends for all pollutants
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Figure 27 Ammonia Emissions in England
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Emissions of ammonia were estimated to be 190kt in 2018 and have declined by 18% since 1990. Emissions in
England account for 69% of the UK total in 2018. Agricultural sources make up by far the largest contribution to
ammonia emissions in the inventory throughout the time-series. In 2018, emissions from cattle manure
management (NFR 3B1a, 3B1b) and animal manure applied to soils (NFR 3Da2a) each account for over 20% of
total emissions in England, whilst inorganic fertilisers (NFR 3Dal) account for a further 19%. The trends in NHs
emissions have been largely driven by decreasing livestock numbers (with the exception of poultry) and decreasing
use of fertiliser nitrogen to 2010, after which declines have levelled out or even increased slightly. The increase in
emissions since 2013 is mostly a result of increased application of urea-based and organic fertilisers such as

digestate to agricultural soils.

Figure 31 Carbon Monoxide Emissions in England
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Emissions of carbon monoxide were estimated to be 1,119kt in 2018 and have declined by 81%since 1990.
Emissions in England account for 73% of the UK total in 2018. This decline in emissions stems from changes
in transport sources, particularly in road transport. The decline is driven by the introduction of Euro standards
after 1992, which requires fitting of emission controls (e.g. three-way catalytic converters) in new petrol
vehicles and in more recent years, the switch from petrol cars to diesel cars. Since 2008, emissions from
passenger cars have further decreased, mainly driven by improvements in catalyst repair rates resulting from
the introduction of regulations controlling the sale and installation of replacement catalytic converters and
particle filters for light duty vehicles. In recent years, emissions from the residential, commercial and public
combustion sector have increased, which corresponds with an increasing use of wood fuel, predominantly in
the residential sector (BEIS, 2019a).

Figure 471 Nitrogen Oxides Emissions in England
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Emissions of nitrogen oxides were estimated to be 605kt in 2018, representing 74% of the UK total.
Emissions have declined by 75% since 1990, mainly due to changes in transport sources, particularly in
road transport. This decline is driven by the successive introduction of tighter emission standards for petrol
cars and all types of new diesel vehicles over the last decade. Since 2008, emissions from passenger cars
have further decreased, which is mainly driven by improvements in catalyst repair rates after the introduction
of regulations controlling the sale and installation of replacement catalytic converters and particle filters for
light duty vehicles. However, the increasing number of diesel cars offsets these emissions reductions,
because diesel cars emit higher NOx relative to their petrol counterparts. Emission reductions across the
time-series from energy industries are mainly due to shifts in the electricity generation fuel mix in the early
1990s from coal to natural gas (BEIS, 2019a) along with the installation of NOx abatement at coal-fired
power stations such as the installation of Boosted Over Fire Air (BOFA) systems since 2008. More recently,
the accelerated phase-out of coal firing at power stations in favour of natural gas, and an increasing share
of renewable energy generation (BEIS, 2019b) has contributed to a 16% decline in overall NOx emissions
since 2015.
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Figure 517 NMVOC Emissions in England
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Emissions of non-methane volatile organic compounds were estimated to be 526kt in 2018, representing
65% of the UK total in 2018. Emissions have declined by 75% since 1990. Emissions from solvent processes
reduced during the 1990s, but across the time-series the trend is dominated by reductions in emissions from
transport and fugitive sources, including evaporative losses of fuel vapour from petrol vehicles. The decline
is driven by emission control technologies introduced in new petrol vehicles since the early 1990s and in more
recent years the switch from petrol cars to diesel cars. The reduction in emissions also occurs to a lesser
extent due to the introduction of petrol vapour recovery systems at filling stations. With this large reduction in
transport emissions, solvent processes are now the most important source of NMVOC emissions, with the
majority of emissions in 2018 arising from both domestic and industrial solvent applications.

Figure 61 PMio Emissions in England
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Emissions of PM1 were estimated to be 138kt in 2018 and have declined by 52% since 1990. They account
for 79% of the UK total in 2018. Unlike most other pollutants, the emissions profile of PM1o is diverse: transport
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sources, residential combustion, and industrial combustion each accounting for over 10% of total emissions
in 2018. Some sources are more significant, with emissions from industrial processes alone accounting for
around a 1/3" of total emissions in England during 2018. Emissions from energy industries have had the
most notable impact on the trend since 1990, primarily as a result of fuel switching from coal-fired energy
generation to natural gas (BEIS, 2019a). Additionally, PM1o exhaust emissions from diesel vehicles have
been decreasing due to the successive introduction of tighter emission standards over time. However, since
2007, emissions from the combustion of biomass in unclassified industries (i.e. NFR code 1A2gviii) and
domestic wood combustion have caused the national trend to plateau.

Figure 717 PM2s Emissions in England
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Emissions of PM;s were estimated to be 83kt in 2018 and have declined by 52% since 1990. Emissions in
England account for 78% of the UK total in 2018. As with PM1o, PM2s emissions have a large number of
significant sources. Since combustion tends to produce finer particles, emissions from these sources (e.g.
energy industries, industrial combustion) are of greater importance for this size fraction compared to PMio.
For PMzs, the residential, commercial, and public sector combustion category accounts for 62% of 2018
emissions. The primary drivers for the decline in emissions since 1990 are the switch in the fuel mix used in
electricity generation away from coal and towards natural gas, particularly in the early time-series, and later
reductions in emissions from the transport sector due to the introduction of progressively more stringent
emissions standards through time. Since 2005, declines in emissions have been offset by increases in
emissions from the residential sector, and in particular, the combustion of wood.
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Figure 8 - Sulphur Dioxide Emissions in England
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Emissions of sulphur dioxide were estimated to be 119kt in 2018, representing 74% of the UK total.
Emissions have declined by 96% since 1990, which has been dominated by the reduction in energy industries
emissions, coincident with large changes in the power generation sector. These include the reduction in coal
fired power generation since 1990; improved emission controls on large coal fired plants; co-firing of biomass
in coal fired power stations; the introduction of CCGT (Combined Cycle Gas Turbine) plants, which are more
efficient than conventional coal and oil stations and have negligible SOz emissions; and, since 2007, the rapid
expansion of the renewable share of electricity generation (BEIS, 2019b). The increase in emissions in 2012
was due to an increase in the use of coal in power generation relative to previous years (BEIS, 2019b).
Transport sources emissions have declined, coincident with the reduced sulphur content of road fuels, both
petrol and diesel. Emissions from industrial combustion, declined substantially during the 1990s, mainly due
to a reduction in coal and fuel oil use in the chemicals sector and other industries.

Figure 97 Lead Emissions in England
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Emissions of lead were estimated to be 69 tonnes in 2018, representing 74% of the UK total. Emissions have
declined by 97% since 1990 almost entirely due to changes in transport sources. Petrol with lead additives
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was phased out from general sale by the end of 1999, which is the reason underlying a significant decrease
in transport emissions between 1990 and 2000. Also, during the 1990s, emissions from the waste sector
declined as older waste incinerators were phased out. Since 2000, the predominant sources of emissions are
linked to industry (industrial processes and industrial combustion) with the dominant subsector being the

production of iron and steel.

Table 2 below provides a summary of the percentage contribution of each sector for each pollutant in 2018. The
table is shaded according to the overall contribution of that sector to the pollutant total. The table below indicates
that the Residential, Commercial & Public Sector Combustion category is important for CO, SO2, PM1o, PM2:s5,
B[a]p and Dioxins, accounting for at least 28% of emissions for each pollutant.

Fuel combustion is a major source of emissions, whilst Industrial Processes are also important, especially for
emissions of Pb from the iron and steel industry. This table also highlights that although emissions from the
agriculture sector are not significant when considering all pollutants, it is of very high significance when
considering emissions of NHz; the same is true for NMVOC emissions from Solvent Processes.

Table 27 Source Emission Contributions Ranked by Sector, England 2018

Sector NHs CcO
Agriculture - IE
Energy Industries IE 4.5%
Fugitive IE 0.1%
Industrial Combustion IE 30.0%
Industrial Processes 1.4% 4.4%
e, e
Solvent Processes IE IE
Transport Sources 1.9% 21.0%
Waste 3.7% 0.7%
Other 89% 1.1%
* The sector: fAothero wildl
have been

to each pollutant can be found in Table 23.

NO« VOC PM10 PM25 SO
0.1% 11.8% 8.7% 2.3% IE
15.9% IE 2.3% 3.1% 31.5%
IE 12.8% IE IE 0.7%
18.4% 3.2% 11.2% 18.1% 23.2%
0.0% 7.9% | 32.7% 11.0% 6.3%
10.5% 8.0% | 28.5% - 28.4%
IE 48.4% 1.0% 0.6% IE
49.8% 6.2% 12.6% 14.2% 8.2%
0.0% 0.1% 1.2% 1.9% IE
5.3% 1.6% 1.8% 2.7% 1.6%
include all ot her o

mar kedEo{ osetdei habheeasofy

Pb Bla]p  Dioxins
IE IE IE
29% 2.9% 1.0%
IE 0.5% 0.1%
12.2% 0.7%  15.0%
39.7% 1.3% 7.4%
5.8% - 39.0%
IE 0.1% 0.5%
38.3% 1.9% 4.2%
0.7% 3.8% 32.7%
0.5% 0.0% 0.0%

c at e g ocant fers specific pollutant. Thesee nt or y
r e p o r.tAibreadownaf what is inadutied withid thisschtegeryvih respesto )
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Figure 107 Ammonia Emissions in England, 2018 Figure 11 i Carbon Monoxide Emissions in England,
2018

Figure 127 Nitrogen Oxides Emissions in England, Figure 13 7 NMVOC Emissions in England, 2018
2018

13






























































































































































































































































































































