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Executive Summary

Executive Summary

This is the Air Quality Pollutant Inventory Report for England, Scotland, Wales and Northern Ireland.
The report presents emission inventories for the constituent countries of the UK for the period 1990 to
2009, for the following priority Air Quality (AQ) pollutants:

Ammonia (NHs)

Carbon monoxide (CO)

Nitrogen oxides (NOyx as NO,)

Non-methane volatile organic compounds (NMVOCs)
Sub-10 micron particulate matter (PMy)

Sulphur dioxide (SO,)

Lead (Pb)

coocococcc

These inventories are compiled on behalf of the UK Department for Environment, Food & Rural
Affairs, the Scottish Government, the Welsh Government and the Department of Environment for
Northern Ireland, by the UK emission inventory teams at AEA and Rothamsted Research.

Data Sources and Inventory Methodology

The constituent country inventories are compiled by disaggregating the UK emission totals presented
withi Bmin®&&Ki ons of Air Pol | ut etalt2011) derived fronotheNatidralo ( Mur r e
Atmospheric Emissions Inventory (NAEI) database. The emission estimates for each pollutant are
presented in 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.

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

DECC sub-national statistics on energy use

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

Major road traffic count data

Domestic and international flight data for all major UK airports

Rail company fuel use estimates

Regional housing, employment, population and consumption data

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

Land use survey data

f
f

E

Emissions from the offshore oil & gas exploration and production sector are not attributed to a
specific country inventory, but are reported within
emissions from onshore oil & gas terminals are assigned to the appropriate country inventories.

This report presents the results from a programme of Devolved Administration (DA) inventory data
and methodology development, to continually improve the air quality (AQ) pollutant emission
inventories for the DAs. This programme spans both GHG and AQ emission inventories, and is driven
by the developing requirements for sub-national reporting against emission targets and DA policy
development.

For many sources of AQ pollutants, the data available for constituent country emissions are less
detailed than for the UK as a whole, and for some sources, country-level data are not available at all.

'"The term APol | usedbere tolrapresent theoindystial émissioms databases of the UK environmental regulators
(The Environment Agency of England & Wales, the Scottish Environment Protection Agency and the Northern Ireland
Department of Environment), which comprise annual emission estimates from all IPC/IPPC-regulated processes under their
authority.
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Executive Summary

In particular, detailed energy balances to provide annual fuel-specific consumption data by source
sector are not available for England, Scotland, Wales and Northern Ireland.

Sub-national energy statistics are published annually by the Department for Energy and Climate
Change (DECC) within the quarterly Energy Trends? publication. These statistics are limited in their
detail when compared to UK-level energy statistics, but do provide estimated fuel use data for
England, Scotland, Wales and Northern Ireland for the following source sectors:

1 Industry (1A2) & Commercial (1A4a)
9 Agriculture (combustion sources) (1A4c)
1 Residential (1A4b)

The DECC sub-national energy statistics have been developed in recent years to provide estimates
of fuel use and CO, emissions data at Local Authority (LA) level across the UK. The latest available
data include LA solid and liquid fuel use estimates for 2005 to 2008, with gas and electricity data also
being available up to 2009.

The DECC data at local and regional level are derived from analysis of gas and electricity meter point
data, supplemented by additional research to estimate the distribution of solid fuels and petroleum-
based fuels across the UK. Since the initial study and presentation of experimental data for 2003 and
2004, each annual revision to the local and regional data has included data improvements through
targeted sector research. These DECC sub-national energy statistics continue to evolve and improve,
reducing data inaccuracies and are the best data available to inform the patterns of fuel use across
the Devolved Administrations. They are therefore used to underpin the pollutant emission estimates
from fuel combustion sources within the inventories presented here, in conjunction with other data
sources such as EU Emissions Trading System (EUETS) fuel use data for large industrial sites and
other DA-specific energy data.

For other significant emission sources there are complete country-level datasets available, although
some of these are less detailed than data used for the UK Inventory:

1 Industrial process emissions are based on plant operator estimates reported to
environmental agencies under regulatory systems such as Integrated Pollution Prevention
and Control (IPPC). Major sources include power stations, cement and lime kilns, iron &
steelworks, aluminium and other non ferrous metal plant, chemical industries. These data are
not available across the full time-series from 1990, as the regulatory reporting regimes
developed in the late 1990s (in England, Wales and Northern Ireland) and early 2000s (in
Scotland);

1 Emissions from oil and gas terminals and offshore platforms and rigs, are based on operator
estimates reported to the DECC QOil and Gas team in Aberdeen through the Environmental
Emissions Monitoring System, EEMS.

1 Agricultural emissions are based on UK emission factors and annual survey data across
each of the Devolved Administrations, including estimates of arable production and livestock
numbers;

I Land Use, Land Use Change and Forestry estimates are based on emission factors and
regional survey data of land use;

1 Emissions from waste disposal activities are estimated based on modelled emissions from
the UK air quality inventories, split out across the DAs based on local authority waste

% The latest available data are taken from the December 2010 Energy Trends,
http://www.decc.gov.uk/en/content/cms/statistics/publications/trends/trends.aspx
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disposal activity reporting which provides an insight into the local shares of UK activity for
recycling, landfilling, incineration and other treatment and disposal options.

For some sources where regional data are not available, current local mapping grids have been used;
these mapping grids are commonly based on census and other survey data that are periodically
updated and used within UK emissions mapping and modelling work. For many sources, there is
insufficient local data available back to 1990, and assumptions and extrapolations of available
datasets have been used to present a time-series of air quality pollution emissions.

The inventories for England, Scotland, Wales and Northern Ireland aim to use the best available
data. For most sources, more data are available in recent years than for 1990. For example,
installation-specific fuel use data from major industrial plant under EUETS are available from 2005
onwards and data for sites regulated under IPC/IPPC are available from 1998 onwards for England
and Wales, 1999 onwards for Northern Ireland, and in 2002 and from 2004 onwards for Scotland.
These data sources are used where possible to inform back-casting of emission estimates. As such
there remains a greater level of uncertainty in emission estimates from the earlier part of the time-
series compared to more recent years. Furthermore, the data quality from these environmental
regulatory systems has evolved over the years, as monitoring, reporting and quality checking
methods and protocols have developed. This also impacts upon the accuracy of the reported
emissions of AQ pollutants which are used within inventory compilation, such that more recent data
are likely to be more accurate.

Air Quality Emission Inventories: Key Findings

The main findings of this report are summarised below:

Carbon monoxide (CO)

UK emissions in 2009 are estimated at 2.3 Mt, representing a 75% reduction on the emissions in
1990 (9.0 Mt). Emissions of CO are dominated by those from road transport (1A3b) (47% of UK
emissions in 2009). The change in emissions between 1990 and 2009 is dominated by the reduction
in emissions from the road transport sector (1A3b), caused by the increased use of three-way
catalysts in cars; this trend is evident for all DAs. Across Scotland, Wales and Northern Ireland,
residential emissions have declined by 72%, 64% and 82% respectively, primarily to a decrease in
the use of solid fuels. The overall CO inventory trend between 2008 and 2009 is an average
decrease of 21%, ranging from 22% in England to 16% in Wales and Northern Ireland. Across all of
the DAs, a decrease in emissions from passenger cars was the main driver for this reduction, with a
significant decline in emissions from iron and steel also contributing in Wales, and reductions in
residential emissions evident in Northern Ireland. The decline in emissions from passenger cars is
due to improvements in the catalyst repair rates for petrol vehicles, coupled with a decline in vehicle
km travelled, most likely driven by the recession. Iron and steel production has fallen in Wales, also
as a result of the recession.

Non-methane volatile organic compounds (NMVOCs)

UK emissions of NMVOC are estimated as 2.7 Mt for 1990 and 0.83 Mt for 2009, a decrease of 69%.
The observed decrease arises primarily from the road transport (1A3b) and industrial sectors, due to
the impact of tighter European vehicle emission standards and fuel quality directives, as well as the
impact of the Solvent Emissions Directive. Across the UK, the estimated overall reductions are
broadly similar, ranging from a decrease of 71% reduction in England since 1990, 70% in Northern
Ireland, 68% reduction in Scotland, to a 66% reduction in Wales. Each country has its own mix of
high-emitting sectors in 2009. In England, road transport (1A3b) accounts for 13% of the inventory
and oil & gas sector (NFR 1B2) is 16% of the total. In Scotland the oil and gas sector accounts for
15% in 2009, whilst the food and drink sector (mainly whisky maturation) accounts for 42% of 2009
emissions. In Wales the road transport sector (1A3b) accounts for 9% of 2009 emissions and the oil
and gas sector a further 26%. In Northern Ireland the residential sector accounts for 15% of the 2009
total due to the higher incidence of solid fuel use compared to GB, whilst road transport (1A3b)
accounts for 10% and the food and drink industry also a further 10%.
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Nitrogen oxides reported as nitrogen dioxide (NOyx as NO,)

UK emissions of NOy were 2.7 Mt in 1990, and have fallen by 60% to 1.1 Mt in 2009. This is primarily
a consequence of tighter European vehicle emission standards in road transport (1A3b) and at coal-
fired power stations, and the increased use of other fuels for power generation (1Ala). Emissions
from road transport and coal combustion together account for 50% of UK emissions in 20009.
Emissions from all of the DAs have declined since 1990, ranging from a 63% reduction in Northern
Ireland, 61% reduction in England, 60% reduction in Scotland and a 51% reduction in Wales.

Across all of the constituent countries of the UK, emissions from the power generation sector (1Ala)
have had a dominant effect, both in overall reductions since 1990 and in determining more recent
trends; since 2007 a programme of installation of over-fire air NOyx abatement at the majority of UK
coal-fired power stations has contributed to a reduction of 30% in NOyx emissions from power
generation in 2 years. In England, power sector NOy emissions are down 69% since 1990; overall
power generation has declined by 2.5% between 2008 and 2009, coal-fired generation declining by
17.5%, gas-fired generation declining by 4.1% and overall NOx emissions reduced by 13%, reflecting
the abatement impacts at coal-fired stations. The picture is very similar in Scotland where since 1990
the power sector NOy emissions are down 68%, with 2008-9 trends down 13%, following a slight
increase of 1.7% in coal-fired generation but a 20.6% decrease in gas generation. Power sector NOy
emissions in Northern Ireland have declined by 84% since 1990, reflecting an underlying shift away
from coal-fired and oil-fired generation to gas-fired generation since the gas pipeline was completed
to Northern Ireland in 1996. 2008 to 2009 emissions show a 15% reduction, with 33.2% decrease in
generation from coal-fired plant and a 13.6% reduction in gas-fired generation. In Wales, power
sector NOx emissions have declined by 51% since 1990, with large increases in power generation
(1Ala) evident in recent years as Wales increasingly generates electricity that is exported and used
in England. Trends over the last few years have been greatly affected by a plant shut-down at
Aberthaw in 2007 to retro-fit 2 units with Flue Gas Desulphurisation abatement. Coal-fired generation
over 2007, 2008 and 2009 in Wales has varied from 5121 GWh and then increasing by over 80% to
9364 GWh in 2008 as Aberthaw was back online. In 2009 it decreased 30.1% to 6547 GWh.

Road transport (1A3b) is another very significant source of NOyx emissions across all DAs, and
between 2008 and 2009 all DAs show a reduction in emissions of around 15-19%. This was driven
by a number of factors including cleaner vehicles penetrating in the fleet, reductions in traffic activity
(in particular heavy-duty vehicles) due to the economic downturn, and improvement in catalyst repair
rates for petrol vehicles. The latter was due to an introduction of the regulations controlling sale and
installation of replacement catalytic converters and particle filters for light vehicles for Euro 3 (or
above) LDVs after June 2009 and this trend is evident for all DAs. In England in 2009, road transport
accounts for 36% of total emissions, down 66% since 1990. The sector in Scotland is 30% of the total
NOy inventory in 2009, down 66% since 1990. In Wales emissions are down 67% since 1990 and

represent a lower share of the overall NOx i nvent ory at 22 %, refleaat

manufacturing and energy industries and hence higher NOyx emissions from those sources. In
Northern Ireland, road transport is estimated to account for 37% of the total NOyx emissions, down
58% on 1990.

Sulphur dioxide (SO,)

UK emissions of sulphur dioxide have fallen from 3.7 Mt in 1990 to 0.4 Mt in 2009, representing a
decrease of 89%. Between 2008 and 2009, an overall reduction of 20% in SO, emissions is reported,
and this is driven largely by efforts in the refining industry to reduce the sulphur content of petroleum-
based fuels, shifts in power generation fuel mix and the installation of Flue Gas Desulphurisation
abatement on power stations. These changes are reflected across the DA inventories; similar to the
NOy inventories, the reported trends in the DA inventories are dominated by emissions from the
power generation (1Ala) sector. In Wales, the installation of Flue Gas Desulphurisation abatement at
the Aberthaw coal-fired power station led to a 58% reduction in SO, emissions from the sector
between 2007 and 2008 and a further 21% between 2008 and 2009, which underpinned the overall
2007 to 2009 reduction of 42% in Wales.

The contribution of emissions from industrial combustion sources (NFR 1A2) ranges from 6% of the
SO, inventory total in 2009 for Scotland, 16% in Wales, to 18% in Northern Ireland and 23% in
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England, reflecting the variable fuel mix and greater use of solid fuels and fuel oil in England
(including one major coal-fired autogeneration plant) and Northern Ireland. A similar issue arises
when considering the relatively high SO, emissions from the domestic sector (1A4b) in Northern
Ireland (44% of the 2009 total, compared to a UK average of 9%) which is again primarily due to the
greater use of oil and solid fuels, which is a consequence of the less mature gas network.

Reductions in SO, emissions from road transport sources (1A3b) are evident across the UK, with all
constituent countries of the UK achieving more than 98% reduction in emissions from road transport
between 1990 and 2009. Recent trends from the impacts from the EU Fuel Quality Directive are
illustrated by SO, reductions from road transport declining by between 33% and 39% in all
constituent countries of the UK between 2008 and 2009. This has been achieved through efforts in
the refinery sector to reduce the average sulphur content of petroleum fuels. Data from the refinery
trade association, UKPIA, shows that for premium unleaded petrol the average UK sulphur content
declined by 74% between 2008 and 2009 when amendments to the Fuel Quality Directive came into
effect, whilst the average content of sulphur in diesel has gone up slightly by 6% between the same
years (but remained approx 50% lower than in 2007 and well within the EU Fuel Quality Directive limit
of 10ppm S already reached by 2008). There are small changes for gas oil (for non-transport
markets), medium and heavy fuel oil, whilst kerosene, aviation fuels have also shown a reduction in
sulphur content of around 13% between 2008 and 2009.

Ammonia (NH3)

The total UK emission of ammonia for 2009 is estimated at 0.29 Mt, compared to the 1990 estimate
of 0.37 Mt, representing a 22% reduction. The agricultural sector dominates ammonia emissions, with
over 89% of UK emissions coming from agricultural sources. Agricultural emissions have declined by
26% since 1990, most notably in England, due primarily to reductions in livestock numbers, especially
cattle and pigs. Agricultural emissions dominate all of the DA inventories in 2009, contributing 87% of
the total in England, 91% in Scotland, 92% in Wales, and 96% in Northern Ireland. Agricultural
emission reductions since 1990 have been greatest in Wales (down 47%), then Scotland (down 30%)
and England (down 23%), whilst reductions in Northern Ireland are estimated at around 8%.

Emissions from road transport (1A3b) have increased since 1990 due to the increased use of
catalytic converter technology in petrol cars, although emissions are now declining due to the
introduction of second generation catalysts which lead to lower emissions of ammonia. Across each
of the constituent countries of the UK, the overall significance of the emissions from cars reflects
some differences in reported vehicle fleets and vehicle kilometre data for different vehicle sub-groups.
In Scotland and Wales, cars account for 3% and 2% of total ammonia emissions in 2009 respectively.
In Northern Ireland where diesel vehicles are a larger fraction of the vehicle fleet, the emissions from
cars are only 1% of the 2009 ammonia emissions, whilst in England the share is 5%.

Ammonia emissions from sewage sludge decomposition and composting are around 2% for England
and 1% each from all the other DAs, whilst in England there is also 1% of 2009 ammonia emissions
which arise from chemical industry production and use of ammonia.

Sub-10 micron Particulate Matter (PMg)

UK emissions of PMyq have declined by 58% from 0.28 Mt in 1990 to 0.12 Mt in 2009. This reflects a
trend away from coal use particularly by domestic users. There are a wide range of sources of PMq
that contribute of the order of 1 to 10% of the inventory total, but the most significant sources are
domestic combustion (14% of UK emissions of PMq in 2009) and particulate from road transport
(1A3b) sources (23% of UK emissions in 2009).

Across the constituent countries of the UK, emissions from England show proportionally higher
emissions from the road transport sector (1A3b) (25% of the total in 2009) with both Scotland and
Northern Ireland around the UK average at 19%, whereas in Wales only 16% of the total is from road
transport due to higher emissions from industry (2) sites such as iron and steelworks. Northern
Ireland, Wales and Scotland have proportionally higher emissions from the domestic sector (1A4b)
(27%, 26% and 24% respectively compared to 14% UK-wide in 2009) due to the more extensive use
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of solid fuels, although it must be noted that the DA domestic energy data estimates are amongst the
most uncertain activity data in the inventory. In England only 11% comes from domestic sources.

Other sources of note include mobile agricultural machinery which contributes from 7% in Northern
Ireland, 4% in Wales, 5% in Scotland and 2% in England in 2009. Quarrying emissions range from
3% in Northern Ireland and 5% in Wales to 6% in England and 7% in Scotland in 2009. Iron and steel
works contribute 4% of England PM, emissions and 11% of Wales emissions in 2009 (very low or no
emissions in Scotland or Northern Ireland). Industrial coating accounts for 3% in England, 1% in
Northern Ireland and 2% in each of Scotland and Wales. Emissions from poultry broilers is a notably
higher proportion of the inventory in Northern Ireland at over 12%, whereas in Wales the figure is 3%,
Scotland 4% and England 5% of the 2009 total. Small-scale waste burning estimates are highly
uncertain at both UK and DA level, but the current estimates for 2009 PM,, emissions indicate that
they contribute 2% of emissions in Northern Ireland and Wales, 3% in Scotland and 4% in England.

Lead (Pb)

UK lead emissions are estimated at 60 tonnes in 2009, compared to 2,890 tonnes in 1990,
representing a 98% reduction. The largest source of lead until 1999 was from anti-knock lead
additives in petrol. The lead content of leaded petrol was reduced from 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 catalysts, and leaded petrol was phased out from general sale at the end of
1999. As a result, a very large decline in emissions from the road transport sector (1A3b) is evident
across each of the constituent countries of the UK since the late 1990s.

The major sources of lead that remain in 2009 are primarily those from sinter plant and other metal
production processes. There has been some reduction in emissions from iron and steel production
processes due to improved abatement, with a 59% reduction from iron and steel sources between
1990 and 2009. Emissions from steelworks account for 72% of lead emissions in Wales in 2009,
whilst in England the sector accounts for 38% of total emissions. Wales iron and steel emissions
account for 13% of the total UK inventory, and the England iron and steel emissions another 28% of
the UK total. As a result, England accounts for almost 74% of total UK emissions, whilst Wales
accounts for approximately 19% of total UK lead emissions, and in contrast Scotland emits only 5%
and Northern Ireland approximately 2% of UK lead releases in 2009.

In Scotland and Northern Ireland, the 2009 inventories indicate that the domestic sector (1A4b)
combustion of solid fuels is the largest emission source. In total, the domestic sector (1A4b) accounts
for 23% of the Scottish lead inventory and just under 37% of the Northern Ireland inventory, but as
mentioned above the domestic sector energy data are associated with high uncertainty.

Other lead emission sources of note in 2009 include non-ferrous metal processes such as: the alkyl
lead industry (8% of the England inventory), copper alloy industry (ranging from 0.2% of the Wales
inventory to around 1% of the lead emissions, in England and 0.4% in Scotland and Northern
Ireland), secondary lead processes (negligible in Wales, 0.4% in Northern Ireland and 2% of lead
emissions in Scotland and 3% in England) .Power sector emissions account for 1% of the Wales
inventory, 4% of emissions in England, 2% of emissions in Northern Ireland and 14% of Scottish lead
emissions in 2009. Refinery emissions in Scotland account for 6% of the total, with 3% and 2% of
emissions in Wales and England, which reflects the overall higher inventory totals in Wales and
England due to the iron and steel sector emissions.

The DA inventories of lead emissions are strongly influenced by the annual emissions data reported
by the UK environmental regulatory agencies. In many industrial sectors regulated under IPC/IPPC,
the annual reporting of lead emissions to the Pollution Inventory, SPRI and ISR shows a greater
degree of variability than for many other pollutants; compared to the other pollutants covered in this
report, the data for lead emissions from regulated processes tends to be more scarce, with
occasional gaps in data and noticeably greater variation in year-to-year emissions reported by
specific installations. This is likely to be partly due to the greater difficulty in emissions measurement
for species such as lead, for which standard methods are typically discrete (i.e. periodic, rather than
continuous). Consequently, the annual operator estimates submitted to regulators may be based on a
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more limited dataset of stack emissions measurements that may not represent all phases of non-
continuous (batch) processes, or may not be representative of fuels that may have a variable lead
elemental composition (such as coal). The lead inventory estimates from these sources are based on
the best available data from IPPC regulated installations, which are subject to a managed system of
quality checking by the environmental regulatory agencies. Furthermore, the emissions of lead are
expected to show more variation than for other pollutants, as the lead content of raw materials will
vary, and emissions will be affected by this and other factors of plant performance over time.
However, the lead emission estimates are regarded as more uncertain than for other pollutants
reported here, such as NOy and SO, that are more commonly estimated based on analysis from
Continuous Emission Monitoring Systems and are less dependent on raw material composition.

Per capita emissions

Emissions per capita have been calculated for each of the DAs, and are summarised for each
pollutant within the report. Key features (e.g. where per capita emissions in one DA are much higher
than the UK average) are described within the pollutant specific sections of the report, and a brief
summary of the findings is described below:

Across all DAs, for all pollutants, per capita emissions have fallen between 1990 and 2009;
The most notable decrease (in percentage terms) is for lead, with a decrease of more than
90% across all of the DAs;

1 The smallest decline is seen for ammonia emissions in Northern Ireland, falling by 18% per

capita between 1990 and 2009;

In England, per capita emissions are lower than the UK average for all pollutants in 2009;

In Northern Ireland, ammonia emissions per capita are almost four times the UK average in

2009. This is due to the very high contribution of emissions from agriculture, relative to the

rest of the UK; Northern Ireland accounts for 12% of UK agriculture emissions, compared

with just 3% of the UK population;

1 Sulphur dioxide emissions per capita in Scotland are almost double the UK average, due to
the high contribution of Scottish emissions from residential combustion and power stations to
the UK totals for these sectors (21% and 27%, respectively, compared with only 8% of the
UK population);

I Scottish VOC emissions per capita are 80% higher than the UK average, mostly due to the
high contribution of Scottish emissions from food and drink manufacture to both the UK total
for this sector, and the Scottish total VOC emission;

1 Welsh emissions are much higher than the UK average for NO,, PM;,, SO,, and most

notably for Pb and CO. This is due predominantly to the contribution of iron and steel industry

emissions to the Welsh total.

f
f
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Contacts

This work forms part of the Atmosphere & Local Environment (ALE) Programme of the Department
for Environment, Food and Rural Affairs. AEA compiles emission estimates for the energy, industrial
process, solvents and waste sectors. The Centre for Ecology and Hydrology (Edinburgh) provides
emission estimates for land use, land use change and forestry sources. Rothamsted Research
provides the estimates of agricultural emissions.

Science policy enquiries should be directed to Sarah Honour, Atmosphere & Local Environment
Programme, Department for Environment, Food and Rural Affairs, Ergon House, 17 Smith Square,
London, SW1P 3JR, UK.

E-mail: agevidence@defra.gsi.gov.uk

Technical enquiries should be directed to Glen Thistlethwaite, AEA, The Gemini Building, Fermi
Avenue, Didcot, Oxfordshire, OX11 0QR, UK.

E-mail: glen.thistlethwaite @aeat.co.uk

Technical enquiries on land use, land use change and forestry should be addressed to Amanda
Thomson at the Centre for Ecology and Hydrology, Bush Estate, Penicuik, EH26 OQB, UK.

E-mail: amath@ceh.ac.uk

Technical enquiries on agriculture should be addressed to Tom Misselbrook, Rothamsted Research,
Devon, EX20 2SB, UK.

E-mail: tom.misselbrook@rothamsted.ac.uk

A copy of this report and related data may be found on the Defra NAEI website:

http://naei.defra.gov.uk/
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Introduction

1 Introduction

1.1 BACKGROUND TO INVENTORY DEVELOPMENT FOR THE
DEVOLVED ADMINISTRATIONS

This study to develop AQ pollutant datasets for each of the constituent countries of the UK has been

commissioned by Defra in order to better inform energy and environmental policy-makers within the

Devolved Administrations in their pursuit of objectives set by the Air Quality Strategy for England,

Scotland, Wales and Northern Ireland (AQS for ESWNI). These objectives also contribute to the

UKb6s targets as a whole in terms of meetingandoth nat |
transboundary air pollution.

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 AQ pollutant emissions provides an insight into the
effects of environmental policies introduced since 1990, and may help to identify where win-win
policies could be pursued to achieve both AQ and GHG policy goals.

1.1.1  Air quality emission reduction drivers

Overall air quality in the UK is currently estimated to be better than at any time since the industrial
revolution. However air pollution is still estimated to reduce the life expectancy of every person in the
UK by an average of 7-8 months (AQS, 2008). A number of policies are currently in place in the UK,
which aim to improve air quality. This includes the national air quality strategy for England, Scotland,
Wales and Northern Ireland.

Air Quality Strategy for England, Scotland, Wales and Northern Ireland

The original National Air Quality Strategy (NAQS) published in 1997 (DOE 1997) set out a framework
of standards and objectives for the air pollutants of most concern (SO,, PMj,, NOyx, CO, lead,
benzene, 1, 3-butadiene and tropospheric ozone). The aim of the strategy was to reduce the air
pollutant impact on human health by reducing airborne concentrations.

The NAQS identified air quality standards for 8 priority pollutants based on the recommendations of
the Expert Panel on Air Quality Standards (EPAQS) or World Health Organisation (WHO) guidance
where no EPAQS recommendation existed. The NAQS has been subject to periodic review, with
consultation documents being published in 1998 and 2001 (DETR 1998a, Defra 2001), and has
subsequently evolved into the Air Quality Strategy for England, Scotland, Wales and Northern Ireland
(AQS for ESWNI), with the same goals. A second edition of the strategy was published in 2000
(DETR 2000), identifying further revisions and focused on the incorporation of air quality limit values
in European Directives, and the impacts of devolution. On 17 July 2007 a new Air Quality Strategy
was published by Defra and the Devolved Administrations. The details of this AQS can be found on
the Defra website at: http://www.defra.gov.uk/environment/airquality/strategy/index.htm

The new Air Quality Strategy supersedes previous versions and covers the whole of the UK,
therefore including DA-specific objective values that were previously detailed in addenda to the
previous AQS.

EU Air Quality Framework Directive

The EU air quality framework directive (96/62/EC) established a framework for setting limit values,
assessing concentrations and managing air quality to avoid exceeding the limits for air pollutants
known to be harmful to human health and the environment through a series of four Daughter
Directives. However, in 2008, the Framework Directive and first three Daughter Directives were
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consolidated in a new EU air quality Directive (2008/50/EC), the 4" Daughter Directive. The new
Directive also introduced a new regulatory framework for PM s.

At present, under 2008/50/EC and the 4™ Daughter Directive, limit values are set for twelve
pollutants, including NOyx, SO,, PM and CO, and member states are required to submit annual
reports to the European Commission on whether the limits have been achieved within their respective
areas.

UN/ECE Convention on Long-Range Transboundary Air Pollution
The UK is committed to reducing acidifying gas and ozone precursor emissions and is a party to
several protocols under the UNECE Convention on Long-Range Transboundary Air Pollution.

Under the Second Sulphur Protocol, the UK committed to reducing its total SO, emissions by 50% by
2000, 70% by 2005 and 80% by 2010 (all from a 1980 baseline).

The NMVOC Protocol requires the UK to achieve a 30% reduction of anthropogenic NMVOC
emissions by 1999 from a 1988 baseline. The emission estimates given in the 1999 version of the
emissions inventory indicated that this was achieved.

The NOy Protocol required that the total emissions of NOy in 1994 should be no higher than they
were in 1987; UK emissions were 11% lower in 1994 than in 1987 and have fallen substantially since
1994.

In 1996, the UNECE started negotiating a new multi-effect, multi-pollutant protocol on nitrogen oxides
and related substances. This was aimed at addressing photochemical pollution, acidification and
eutrophication. The Protocol to Abate Acidification, Eutrophication and Ground-level Ozone was
adopted in Gothenburg in December 2000, where it was signed by the UK. The multi-pollutant
protocol incorporates several measures to facilitate the reduction of emissions:

Emission ceilings are specified for sulphur, nitrogen oxides, NH; and NMVOC:s;

Emission limits are specified for sulphur, nitrogen oxides and NMVOCs from stationary
sources;

1 Emission limits are indicated for CO, hydrocarbons, nitrogen oxides and particulates from
new mobile sources;

Environmental specifications for petrol and diesel fuels are given;

Several measures to reduce NH; emissions from the agriculture sector (4) are required.

f
f

f
f

The Gothenburg Protocol forms a part of the Convention on Long-range Transboundary Air Pollution.
More detailed information on both of the Gothenburg protocol and the Convention may be found at
the UNECE web site: www.unece.org/env/Irtap/

National Emissions Ceilings Directive

Within the EU, the National Emission Ceilings Directive was agreed in 2001. It sets emission ceilings
to be achieved from 2010 onwards for each Member State for the same 4 pollutants as in the
Gothenburg Protocol. A number of member states (including the UK for SO, and NOy) reduced their
ceilings somewhat below the levels included in the Protocol.

Large Combustion Plant Directive

Within the UK, the iimplementation of t he ECb6s Lar g
associated policy measures has led to substantial reductions in acidifying pollutants, specifically NOx,

SO, and dust from power plants and industrial sources.

Sulphur Content of Liquid Fuels Directive

The EC6és Directive to | imit sul phur content in gas
regulations which were initially established in 2000 but were updated with Statutory Instruments

brought into force across the DAs via the Sulphur Content of Liquid Fuel Regulations 2007 (England

and Wales: SI79/2007; Scotland: SI 27/2007; Northern Ireland: SI 272/2007). The main impact of
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these regulations has been to gradually drive down the maximum sulphur content of refinery
products, with the 2007 Regulations requiring that gas oil has a maximum 0.1% content Sulphur by
mass from January 2008 onwards. The impacts of this change are evident within the recent emission
trends of the UK and DA inventories as SO, emissions have declined significantly between 2007 and
2008 from road transport (1A3b) and other sources where petroleum-based fuels are dominant.

UN/ECE Heavy Metals Protocol

The Convention on Long-range Transboundary Air Pollution was signed in 1979 and came into force
in 1983. Since its entry into force, the Convention has been extended by a number of protocols,
including the 1998 Protocol on Heavy Metals. This Protocol is given in outline below; more
information may be found at the UN/ECE web site, located at: http://www.unece.org/env/Irtap/

The UK has signed this protocol.

The UN/ECE Protocol on Heavy Metals targets three particularly harmful substances: lead, cadmium
and mercury. Countries are obliged to reduce their emissions of these three metals below their levels
in 1990 (or an alternative year between 1985 and 1995). The protocol aims to cut emissions from
industrial sources (iron and steel industry, non-ferrous metal industry), combustion processes (power
generation, road transport) and waste incineration.

The protocol specifies limit values for emissions from stationary sources and requires the use of Best
Available Technology (BAT)) to minimise emissions from these sources, through the application of
special filters or scrubbers for combustion sources, or mercury-free processes. The protocol also
required countries to phase out leaded petrol. Under the protocol, measures are introduced to lower
heavy metal emissions from other products e.g. mercury in batteries, and examples are given of
management measures for other mercury containing products, such as electrical components
(thermostats, switches), measuring devices (thermometers, manometers, barometers), fluorescent
lamps, dental amalgam, pesticides and paint.

1.2 INVENTORY METHOLODOGY & DATA AVAILABILITY

This report presents emission inventories for the constituent countries of the UK for the period 1990
to 2009, for the following priority Air Quality (AQ) pollutants:

1 Ammonia (NH5)
1 Carbon monoxide (CO)
1 Nitrogen oxides (reported as nitrogen dioxide) (NOyx as NOy)
1 Non-methane volatile organic compounds (NMVOC)
I Sub-10 micron particulate matter (PMyp)
1 Sulphur dioxide (S0,)
1 Lead (Pb)
The estimates have been compiled by disaggregating t

Emi ssi ons of Air Pol | ut anet al., 20194),0derived froth GHe MNationdl Mur r el | s
Atmospheric Emissions Inventory database. The UK data is compiled annually in accordance with the

requirements of United Nations Economic Commission for Europe (UNECE) reporting guidelines

using the NFR reporting format and submitted to the Convention on Long-Range Transboundary Air

Pollution (CLRTAP). In addition to the UK Emissions of Air Pollutants 1970 to 2009 report, in 2011

an additional report, the Informative Inventory Report (Passant et al., 2011b), was produced which

provides an overview of time-series revisions.
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1.2.1 Background: Data Availability and Inventory Uncertainty

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

DECC sub-national statistics on energy use

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

Major road traffic count data

Domestic and international flight data for all major UK airports

Rail company fuel use estimates

Regional housing, employment, population and consumption data

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

Land use survey data

f
f

=4 =4 -8 _—a_a_°

Emissions from the offshore oil & gas exploration and production sector are not attributed to a
specific country inventory, but are reported within
emissions from onshore oil & gas terminals are assigned to the appropriate country inventories.

The disaggregation of air quality (AQ) pollutant emissions across the four constituent countries of the
UK has been conducted five times previously and this report presents the results from a programme
of ongoing data and methodology improvement, to provide emission inventories for the Devolved
Administrations (DAs). This programme spans both GHG and AQ emission inventories, and is driven
by the developing requirements for sub-national reporting against emission targets and DA policy
development.

For many emission sources of AQ pollutants, the data available for constituent country emissions are

less detailed than for the UK as a whole, and for some sources country-level data are not available at

al | . For thipsowrasappraadhousing UK inventory data a
adopted, and percentage splits of the UK total have been derived for each of the constituent

countries using available regional data.

In particular, energy balance data (i.e. fuel production, transformation and sector-specific
consumption data) are not available for England, Wales and Scotland. Sub-national energy statistics
are published annually by the Department for Energy and Climate Change (DECC) within the
quarterly Energy Trends* publication. These sub-national statistics are limited in their detail when
compared to UK-level energy statistics, but do provide estimated fuel use data for England, Scotland,
Wales and Northern Ireland for the following source sectors:

1 Industry (1A2) & Commercial (1A4a)
9 Agriculture (combustion source) (1A4c)
1 Residential (1A4b)

The DECC sub-national energy statistics have been developed in recent years to provide estimates
of fuel use and CO, emissions data at Local Authority (LA) level across the UK. The latest available
data include LA solid and liquid fuel use estimates for 2005 to 2008, with gas and electricity data also
being available up to 2009.

The DECC data at local and regional level are derived from analysis of gas and electricity meter point
data, supplemented by additional research to estimate the distribution of solid fuels and petroleum-
based fuels across the UK. Since the initial study and presentation of experimental data for 2003 and

*The termnAPoVvénmtooyo is used here to represent the industrial e mi
(The Environment Agency of England & Wales, the Scottish Environment Protection Agency and the Northern Ireland

Department of Environment) which comprise annual emission estimates from all IPC/IPPC-regulated processes under their

authority.

* The latest available data are taken from the December 2010 Energy Trends,
http://lwww.decc.gov.uk/en/content/cms/statistics/publications/trends/trends.aspx
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2004, each annual revision to the local and regional data has included data improvements through
targeted sector research. These DECC sub-national energy statistics continue to evolve and improve,
reducing data inaccuracies, and are the best data available to inform the patterns of fuel use across
the Devolved Administrations. They are therefore used to underpin the pollutant emission estimates
from fuel combustion sources within the inventories presented here, in conjunction with other data
sources such as EU ETS fuel use data for large industrial sites and other DA-specific energy data.

For other significant emission sources there are complete country-level datasets available, although
some of these are less detailed than data used for the UK Inventory:

1 Industrial process emissions are based on plant operator estimates reported to
environmental agencies under regulatory systems such as Integrated Pollution Prevention
and Control (IPPC). Major sources include power stations, cement and lime kilns, iron &
steelworks, aluminium and other non ferrous metal plant, chemical industries. These data are
not available across the full time series from 1990, as the regulatory reporting regimes
developed in the late 1990s (in England, Wales and Northern Ireland) and early 2000s (in
Scotland);

1 Emissions from oil and gas terminals and offshore platforms and rigs, are based on operator
estimates reported to the DECC Qil and Gas team in Aberdeen through the Environmental
Emissions Monitoring System, EEMS;

9 Agricultural emissions are based on UK emission factors and annual survey data across
each of the Devolved Administrations, including estimates of arable production and livestock
numbers;

I Land Use, Land Use Change and Forestry estimates are based on emission factors and
regional survey data of land use;

I Emissions from waste disposal activities are estimated based on modelled emissions from
the UK air quality inventory, split out across the DAs based on local authority waste disposal
activity reporting which provides an insight into the local shares of UK activity for recycling,
landfilling, incineration and other treatment and disposal options.

I For some sources where regional data are not available, current local mapping grids have
been used; these mapping grids are commonly based on census and other survey data that
are periodically updated and used within UK emissions mapping and modelling work.

In many source sectors, there is insufficient local data available back to 1990 or earlier, and
assumptions and extrapolations of available datasets have frequently been used to present a time-
series of air quality pollution emissions.

As a result of the more limited country-specific activity and emission factor data, the emission
estimates for the England, Scotland, Wales and Northern Ireland inventories are subject to greater
uncertainty than the equivalent UK estimates. There are step-changes in data availability during the
time-series, such as installation-specific fuel use data from major industrial plant under EUETS (from
2005 onwards) and sites regulated under IPC/IPPC (1998 onwards for England and Wales, 1999
onwards for Northern Ireland, and in 2002 and from 2004 onwards for Scotland). These data sources
are used where possible to inform back-casting of emission estimates, but there remains a greater
level of uncertainty in emission estimates from the earlier part of the time-series compared to more
recent years. Furthermore, the data quality from these environmental regulatory systems has evolved
over the years, as monitoring, reporting and quality checking methods and protocols have developed.
This also impacts upon the accuracy of the reported emissions of AQ pollutants which are used within
inventory compilation, such that more recent data are likely to be more accurate. The uncertainties in
the DA air quality inventories are discussed in more detail in Chapter 3.
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1.2.2 Inventory Compilation Method

A comprehensive list of all sources and UK emissions for the target pollutants (CO, NOyx, SO,, VOC,
NH3, PMyo, Pb) during the study period of 1990-2009 is available from the NAEI database. From
these data, the key sources for each of the AQ pollutants can be determined. The DA share of the UK
emissions from each source category are then determined using the best available regional data,
which may range from good quality emissions or activity data, to the use of proxy data (e.g.
production or employment indices, popul ati on
the UK emissions from a given source.

There are a number of resources that have been used to analyse the DA share of UK emissions for
each emission source, including:

0  NAEI point source database;

0 Emissions mapping grid data;

0 Regional data derived from analysis of activity data trends, taken from research to develop
DA Greenhouse Gas (GHG) Inventories;

0  Generic parameters and proxy data such as population or regional GDP data.

The development of more consistent reports and datasets between different scales (national-
regional-local) derived from the NAEI database is a key improvement that this study has enabled.
The main resources used within the DA air quality pollutant inventory analysis are outlined below.

1221 NAEI Point Source Database

Operators of all IPC/IPPC-regulated industrial plant are required to submit annual emission estimates
of a range of pollutants (including all of those pertinent to this study) to their local UK environmental
regulatory agency, and these emission estimates are subject to established procedures of Quality
Assurance and Quality Checking prior to publication. These industrial point-source pollution
inventories (held by the Environment Agency, the Scottish Environment Protection Agency and the
Northern Ireland Environment Agency) are emission datasets that have been developing and
improving since their inception in the mid-1990s. Robust and reliable data for installations in England
and Wales have been widely available since around 1998, whilst the equivalent datasets in Scotland
and Northern Ireland became available from the early 2000s.

NAEI point source data have been improved over recent years through the increasing quality and
availability of these IPC/IPPC-regulated industrial pollution emission datasets, as well as through the
availability of site-specific fuel use data for sites that operate within the EU Emissions Trading System
(EUETS), which has been running since 2005. Annual data requests are also made directly to plant
operators in key sectors such as power stations, refineries, cement & lime manufacture, iron & steel
manufacture, chemical industry and waste treatment and disposal, in order to procure more detailed
emissions data and other parameters (e.g. production data).

As part of the Devolved Administrations Inventory Improvement Programme, a research study was
undertaken in early 2010 to source more detailed information on emissions sources at a number of
petrochemical and industrial sites across the UK. The study included consultation with Environment
Agencies responsible for each of the respective Devolved Administrations and site visits to review
further details of applications and reports submitted in relation to permitted activities.

Through analysis of the time-series of data and review of the latest emission estimates, the point
source data is amended as appropriate to fill in gaps and rectify any errors. These finalised data are
then used as the basis for the NAEI industrial emissions estimates. The location of each site is known
and therefore the point-source database can be queried to extract all emissions information relevant
to a given geographical area, and hence the DA-level inventories can partly be populated in this way.

Although the use of this dataset can only provide a limited time-series of emissions from a given

source sector, it is nevertheless a useful tool for deriving recent regional emissions data for a broad
range of pollutants, including CO, NOyx, SO,, VOC, Pb, NH; and PM;,. The NAEI point-source
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database is most useful for industries that are dominated by large IPC/IPPC-authorised plant, such
as power stations, refineries, iron & steel manufacturing, cement and lime kilns and so on. For these
sectors, the point source database covers nearly 100% of emissions, and is regarded to be the best
available dataset for such sources, as it is largely based on energy use and emissions data derived
from regulatory agency sources that are subject to quality checking and (in the case of EUETS data)
independent verification.

Annual revisions to the NAEI point source database are conducted when new data become available
and/or when installation-level data are revised by operators, regulators or through enquiry by the AEA
inventory team to resolve data discrepancies which may be evident between reporting mechanisms.
In the 1990-2009 dataset, data have been revised for a range of industrial sites where the Phase I
EUETS data (from 2009) enabled clarification of energy use patterns at industrial installations that
had previously not reported under EUETS. Part of the DA Inventory Improvement Programme
focussed on improved analysis of the EUETS dataset from 2009, and the results of this study are
available on the NAEI website at:

http://naei.defra.gov.uk/reports.php?list=DA

1.2.2.2 NAEI Emission Mapping Grids

Emission maps for the whole of the UK are routinely produced as part of the NAEI for 25 pollutants,
including all of the pollutants considered in this study. The maps are compiled at a 1km resolution
and are produced annually for the most recent NAEI database (2009 in this case). The mapped
emissions data are available on the NAEI web site at:

http://naei.defra.gov.uk/mapping/mapping 2009.php

The emission maps are used by AEA and other organisations for a variety of Government policy
support work at the national scale. In particular, the maps are used as input into a programme of air
pollution modelling studies.

The geographical distribution of emissions across the UK is built up from distributions of emissions in
each source sector. These source sector distributions are developed using a set of statistics
appropriate to that sector. For | arge industr
of official UK sources (Environment Agency, Scottish Environment Protection Agency, Northern
Ireland Environment Agency Local Authority data). For sources that are distributed widely across the
UK (known as Oaread sources), a distribution
for that sector. The method used for each source varies according to the data available, but is
commonly based on either local activity statistics such as raw material use, energy use, industrial
production and employment data, housing and population data, road vehicle and fuel sales data,
periodic census or socio-economic survey data.

Periodic surveys and censuses of industrial, commercial, domestic, and other economic sectors
provide indicators regarding the location and scale of a wide variety of activity data that can be used
to disaggregate emissions totals, and these are commonly utilised within the NAEI mapping grids.
For a more detailed description of the integration of point source data analysis and the development
of UK emission maps, see Chapter 3 of UK Emission Mapping Methodology 2009 (Tsagatakis et al.,
2011). Appendix B of this report provides a summary table of the mapping grid data availability for
each UNECE sector. In the latest cycle of emissions mapping research, revisions have been made to
the emission maps for domestic combustion, gas production and industrial employment, and this has
led to revisions in the air quality emission estimates for each of the Devolved Administrations within
this report, when compared to the emission distributions reported within the 1990-2008 DA Air Quality
Inventory Report, published in October 2010.

The key limitation to the use of mapping grids within inventory development is the difficulty in
obtaining an accurate time-series of emissions from a given sector, as the mapping grids are typically
only updated every few years as more survey data becomes available. The data availability
limitations inevitably impact upon the reliability of emission inventory estimates. In this study we have
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endeavoured to focus resources on ensuring that the most significant sources are assessed most
accurately across the time series, whilst less significant source sectors may be disaggregated using a
mapping grid for all years in the time series.

1.2.2.3 Other Regional Data

In recent years, the NAEI team has aimed to develop a consistent time-series of detailed datasets to
inform DA and local emission inventories (back to 1990) and pollutant mapping campaigns. Examples
of such datasets that have been used in this study include:

1 Sub-national fuel use data for natural gas, solid fuel and petroleum-based fuels, from UK
Transco, other gas network operators, the Coal Authority and the Department of Energy and
Climate Change (DECC). The AEA energy mapping team has been involved in the ongoing
development of the DECC sub-national energy statistics which provide limited data from
2004 to 2009. These data are used to underpin many of the AQ pollutant emission estimates
from small-scale (non-regulated) combustion sources such as domestic, commercial, public
administration and small-scale industrial sectors. Back-casting the fuel use trends to 1990
has drawn upon available UK-level data and trends supplemented by analysis of additional
data, such as Housing Condition Survey data, to ensure that significant changes are
represented in the inventories (e.g. to reflect the development of the gas supply infrastructure
in Northern Ireland since 1999).

1 The Road Transport (1A3b) emissions database uses local traffic count data from the
Department for Transport (DfT), the Northern Ireland Department of Regional Development
(DRDNI), fuel use datasets (DECC), vehicle fleet data (DfT, DRDNI) and emission factors
developed by TRL on behalf of DfT and from European research sources (COPERT llI, IV) to
derive detailed emission estimates for a wide range of pollutants across the UK.

T Aircraft emi ssions are derived from the Civil Av
movements, fuel use data (DECC), aircraft fleet information (CAA) and emission factors from
international guidance and research (Intergovernmental Panel on Climate Change, IPCC) to
derive emission estimates for aircraft cruise, take-off and landing cycles.

1 Regional quarry production data and quarry location information (British Geological Survey,
BGS).

1 Regional iron & steel production data, and regional fuel use data in the iron & steel industry
(Corus, Iron & Steel Statistics Bureau).

i Site-specific emissions data split by combustion and process sources for all UK refineries,
and refinery production capacities (UKPIA).

1 Site-specific cement production capacities and UK-wide cement industry fuel use data
(British Cement Association).

1 Regional railway diesel consumption data (local train operating companies, including freight,
intercity and local passenger services).

1 Regional housing & population data (Department of Communities and Local Government).

1 Regional economic activity & industrial production indices (Office of National Statistics).
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1.3 REPORT STRUCTURE

This report is structured as follows:

Main body of the report: This part of the report presents and discusses the inventories for England,
Scotland, Wales and Northern Ireland, providing air quality pollutant emissions data for the years
1990, 1995, and 1998 to 2009. Emission inventories for PM5, CO, NMVOCs, NH3, NOx SO, and Pb
are included in Chapter 2. Where appropriate, the reasons for any significant trends in emissions,
issues regarding data availability and uncertainty estimates are provided for each inventory. A
qualitative assessment of the uncertainty in the DA air quality inventories is presented in Chapter 3.
Appendix A: This appendix provides National Reporting Format sector code descriptions.

Appendix B: This appendix provides a summary of the disaggregation methods and mapping grids
used in this study, for each UNECE sector.

Appendix C: Devolved Administration Emission Inventories for PMy, 1990-2009 in NFR format.
Appendix D: Devolved Administration Emission Inventories for CO, 1990-2009 in NFR format.
Appendix E: Devolved Administration Emission Inventories for NOy, 1990-2009 in NFR format.
Appendix F: Devolved Administration Emission Inventories for SO,, 1990-2009 in NFR format.
Appendix G: Devolved Administration Emission Inventories for NMVOC, 1990-2009 in NFR format.
Appendix H: Devolved Administration Emission Inventories for NH3, 1990-2009 in NFR format.

Appendix I: Devolved Administration Emission Inventories for Pb, 1990-2009 in NFR format.
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2 Air Quality Pollutants

Inventories for England, Scotland, Wales and Northern Ireland for ammonia (NHs), carbon monoxide
(CO), nitrogen oxides (NOyx), non-methane volatile organic compounds (NMVOCSs), sub-10 micron
particulate matter (PMy,), sulphur dioxide (SO,) and lead (Pb) are discussed in the following sections.
These data have been derived by disaggregation of the UK figures using point source, mapping and
regional datasets as appropriate (see Appendix B for details).

For information on the main sources & emission trends of Air Quality Pollutants in the UK National
Atmospheric Emissions Inventory (NAEI) as well as supplementary information on particulate size &
composition, monitoring and epidemiological evidence regarding effects on human health, please see
Chapter2of A UK Emi ssi ons of Air (Marklbetal.a20itl®.] 1970 to

21 AMMONIA

Ammonia (NH3) emissions play an important role in a number of different environmental issues
including acidification, eutrophication and changes in biodiversity. The atmospheric chemistry of NH;
and NH," is such that transport of the pollutants can vary greatly, and that as a result, NH; emissions
can exert impacts on a highly localised level, as well as contributing to the effects of long-range
pollutant transport.

UK emission estimates for NH; are only available from 1990 onwards, because earlier data from the
most significant industrial sources are not available for use in emission inventory estimates. UK
ammonia emissions in 2009 represent a decrease of 22% on the 1990 emissions (Figure 2-1).

Figure 2-1 UK Ammonia Emissions by Constituent Country, 1990-2009

400

NH; emissions (kilotonnes)

1990

1995 1998 1999 2000 2001 2002 2003

Year

2004 2005 2006 2007 2008 2009

m Unallocated m Wales m Scotland m Northern Ireland m England

The main source of NH; emissions in the UK is livestock manure management, and in particular
cattle manure management. These emissions derive mainly from the decomposition of urea in animal
wastes and uric acid in poultry wastes. Emissions from nitrogen fertiliser use on grassland and
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arable crops are also a significant source and included in the ammonia inventory. Emissions are
affected by a large number of factors, including animal species, age, weight, diet, housing and
manure management systems, and environmental conditions. As such, the interpretation and
extrapolation of experimental data is problematic, making emission estimates uncertain. Estimates
are based on official livestock datasets, annual fertiliser use surveys, farm management practice
surveys and detailed emission factors from recent literature sources. The methodology for compiling
the inventory of ammonia emissions from agriculture (4) follows that of Webb and Misselbrook (2004)
for manure management sources and Misselbrook et al (2004) for fertiliser sources, with annual
revisions to input data, emission factors and other parameters as described in the annual Informative
Inventory Report.

Decreasing livestock numbers (cattle in particular) and fertiliser use in the UK since 1990 have led to
reductions in UK ammonia emissions, and it is this trend in agricultural sources that influences the
DA-level inventories most significantly.

Non-agricultural sources of ammonia comprise a number of diverse sources. Emission estimates for
these sources are often highly uncertain due to a lack of activity and emission factor data. Emissions
from road transport (1A3b) (although relatively insignificant compared to agricultural emissions)
increased in the 199006s as a
However, emissions are now falling as the second generation of catalysts (which lead to lower NH3
emissions than first generation catalysts) penetrate the vehicle fleet.

Emissions of ammonia for England, Wales, Scotland and Northern Ireland are summarised in the
tables and graphs below, with more detailed inventory tables in Appendix H. Table 2-1 shows how
the estimated total UK NH3; emissions are split between the 4 constituent countries, and Table 2-2
show emissions of ammonia per capita, with a comparison against the average for the UK (excluding
unallocated emissions).

resul t of the increasi

Table 2-1 Proportion of UK Ammonia Emissions by Constituent Country
England Scotland WEES N Ireland Unallocated

1990 69% 12% 9% 9% 0%

2009 68% 12% 9% 11% 0%
Table 2-2 Emissions of Ammonia per capita by Constituent Country (kg/head)

England Scotland WWEUES N Ireland

1990 5.0 9.5 16.4 21.0 6.4

2009 3.8 6.8 8.8 17.2 4.7
DAJ/UK (2009) 81% 146% 188% 370% -
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2.1.1 England Ammonia Inventory by NFR Sector, 1990-2009

The table and graph below give a summary of the ammonia emissions in England by broad NFR
sector categories. The detailed data are available in Appendix H.

Table 2-3 England Emissions of Ammonia by NFR Source Sector

NFR Code 1990 1995 1998 1999 2000 2001 2002 ‘ 2003 ‘ 2004 2005 2006 2009%
1A3-

Transport 0.7 59 12.0 13.9 19.5 18.2 17.0 15.4 14.4 13.2 12.3 11.3 10.2 9.5 4.8%
Sources

1A4 -

Commercial,

Domestic and 31 [ 22 [ 20 | 21| 27 | 27 | 13| 122 | 11 | 10 | 09 | 10 11 11 0.6%
Agricultural

2 - Industrial 7.1 7.2 8.8 4.8 35 3.6 35 3.2 3.1 53 5.0 4.8 4.2 4.0 2%

4 - Agriculture 219 198 198 202 192 189 186 178 184 179 181 177 169 169 87%

1A11A2,1B,3, 9.1 10.4 | 104 | 10.7 | 10.8 | 109 | 109 | 10.8 | 10.6 | 10.8 | 10.8 | 10.9 11.3 11.6 6%
6,7 - Other
Total 239 224 231 233 228 223 219 209 213 210 210 205 196 196 100%

Units: kilotonnes

Figure 2-2 England Ammonia Emissions by Source, 1990-2009
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En gl aamioérsa emissions have declined by 18% since 1990 and currently account for 68% of
the UK total. The inventory is dominated by emissions from agricultural sources with 63% of the total
in 2009 coming from manure management (4B: down 21% since 1990). 34% of the English total is
from cattle manure management alone (4B1: down 1% since 1990). Other sources of note include
transport emissions (1A3: 5% of the England total in 2009) and waste treatment and disposal (6: 5%
of the England total in 2009).

English ammonia emissions per capita are much lower than the UK average. This is mostly due to
the smaller contribution of emissions from agriculture in England; English emissions from this sector
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account for 66% of UK emissions fort he sect or , which is much | ower t hal
the population (84%).

Figure 2-3 Map of Ammonia Emissions in England, 2009
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2.1.2 Scotland Ammonia Inventory by NFR Sector, 1990-2009

The table and graph below give a summary of the ammonia emissions in Scotland by broad NFR
sector categories. The detailed data are available in Appendix H.

Table 2-4

NFR Code

Scotland Emissions of Ammonia by NFR Source Sector

1998

2000

2001

2002

2003

2004

2005

2006

2009

2009 (%)

1A3 - Transport o1 |06 | 11 | 23| 20| 28| 27| 25| 24|23 212|121 20] 09 2.6%
Sources

1A4 -Commercial,

Domestic and 08 | 04 | 04 | 04| 03| 03| 03| 02|02 02]|02]03]|03] 03 0.9%
Agricultural

2 - Industrial 01 |01 | o1 |or]or]|or]|or]|or]|or|or]|or]|o1]|or] 01 0%
4 - Agriculture 461 | 424 | 308 | 402 | 379 | 382 | 376 | 36,1 | 37.1 | 365 | 355 | 339 | 326 | 324 91%
}g%r,]t?z,l&&&? 12 | 13| 13| 14 | 14| 24| 24| 24| 2424|215 15| 16] 18 5%
Total 483 | 448 | 427 | 433 | 416 | 418 | 410 | 303 | 402 | 305 | 385 | 36.9 | 356 | 354 | 100%

Units: kilotonnes

Figure 2-4 Scotland Ammonia Emissions by Source, 1990-2009
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Sc ot | anmmbriasemissions have declined by 27% since 1990 and accounted for 12% of the UK
total in 2009. The inventory is dominated by emissions from agricultural sources, with 68% of the total
in 2009 estimated to originate from manure management (4B: down 17% since 1990). Other sources
of note include transport emissions (1A3: 3% of the Scotland total in 2009) and waste treatment and
disposal (6: 4% of the Scotland total in 2009).
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Figure 2-5 Map of Ammonia Emissions in Scotland, 2009
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2.1.3 Wales Ammonia Inventory by NFR Sector, 1990-2009

The table and graph below give a summary of the ammonia emissions in Wales by broad NFR sector
categories. The detailed data are available in Appendix H.

Table 2-5 Wales Emissions of Ammonia by NFR Source Sector

NFR Code 1995 1998 1999 2000 2001 2002 2003 2004 2005 2006 2009 2009 (%)
1A3 -

Transport 00 | 04 | 07 | 08 | 2.2 | 212 | 11 | 20 | 09 | 08 | 08 | 07 | 06 | 06 2.2%
Sources

1A4-

Commercial,

Domestic and 0.6 0.5 0.4 0.4 0.4 0.4 0.3 0.2 0.2 0.2 0.2 0.3 0.3 0.3 1.1%
Agricultural

27 Industrial | 00 | 01 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 01 | 01 | 01 | 01 | 00 0%
4t . 45.4 42.6 33.7 31.6 27.7 27.7 26.6 27.6 27.9 27.7 28.3 26.0 24.0 24.1 92%
Agriculture

1AL1A2,1B3

6.7 - Other 08 | 09 | 09 | 09 | 09 | 09 | 10 | 20 | 09 | 09 | 10 | 10 | 11 | 12 5%
Total 46.9 | 444 | 358 | 338 | 301 | 301 | 20.0 | 29.8 [ 30.0 | 207 | 303 | 281 | 26.1 | 262 | 100%

Units: kilotonnes

Figure 2-6 Wales Ammonia Emissions by Source, 1990-2009

50

45

N
o

w
(&)

N N w
o [&] [=]

NH; Emissions (kilotonnes)

=
(%)

10

2007 2008

2009

2000 2001 2002 2003 2004 2005 2006

Year

1990 1995 1998 1999

W1A1,1A2,1A5, 1B, 3, 5, 6; @ther
M 2- Industrial

M 4- Agriculture
B 1A4-Commercial, Domestic and Agricultural combustit

Ammonia emissions in Wales have declined by 44% since 1990 and accounted for 9% of the UK total
in 2009. The inventory is dominated by emissions from agricultural sources with 66% of the total in
2009 coming from manure management (4B: down 47% since 1990). In 2009, 51% of emissions from
Wales is estimated to originate from cattle manure management alone (4B1: down 52% since 1990).
Other sources of note include transport emissions (1A3: 2% of the Wales total in 2009) and waste
treatment and disposal (6: 4% of the Wales total in 2009).
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Figure 2-7 Map of Ammonia Emissions in Wales, 2009
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2.1.4 Northern Ireland Ammonia Inventory by NFR Sector, 1990-2009

The table and graph below give a summary of the ammonia emissions in Northern Ireland by broad
NFR sector categories. The detailed data are available in Appendix H.

Table 2-6

Northern Ireland Emissions of Ammonia by NFR Source Sector

NFR Code 1990 1995 1998 1999 2000 2001 2002 2003 2004 2005

1A3 -

Transport 0.0 0.2 0.4 0.5 0.8 0.7 0.6 0.5 0.5 0.5 0.4 0.4 0.4 0.3 1.1%
Sources

1A4 -

Commercial,

Domestic and 0.6 0.4 0.3 0.3 0.3 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.4%
Agricultural

2 - Industrial 0.2 0.2 0.2 0.2 0.2 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0%
4 - Agriculture 323 | 329 | 327 33.2 31.7 31.5 31.7 32.2 31.6 30.9 30.7 30.2 29.8 29.5 96%
1A1,1A2,1B,3,

6.7 - Other 0.4 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.6 0.6 0.7 0.7 0.8 3%
Total 335 | 341 | 340 | 347 33.4 33.1 33.1 33.4 32.8 32.0 31.8 31.3 31.0 30.8 100%

Units: kilotonnes

Figure 2-8 Northern Ireland Ammonia Emissions by Source, 1990-2009
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Nor t her n ammanib amsdidns have declined by 8% since 1990 and currently account for
11% of the UK total. The inventory is dominated by emissions from agricultural sources (4) with 79%
of the total in 2009 coming from manure management (4B: down 3% since 1990). In 2009, 60% of
the Northern Ireland total is from cattle manure management alone (4B1: up 10% since 1990). Other
sources of note include transport emissions (1A3: 1% of the Northern Ireland total in 2009), and
waste treatment and disposal (6: 2% of the Northern Ireland total in 2009).

Per capita emissions for Northern Ireland are almost four times the UK average in 2009. This is

mostly due to the high emissions from agricultural sources, where Northern Ireland contributes 12%
to the total UK emission for this sector, compared with only 3% of the UK population.
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Figure 2-9 Map of Ammonia Emissions in Northern Ireland, 2009
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2.2 CARBON MONOXIDE

Carbon monoxide (CO) arises from incomplete fuel-combustion and 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.

Across the UK, emissions decreased by 75% between 1990 and 2009. This decline has been driven
by significant reductions in emissions from road transport (1A3b), agricultural field burning (4F) and
the domestic sector (1A4b). The change in emissions between 1990 and 2009 is dominated by the
reduction in emissions from the road transport sector (1A3b), caused by the increased use of three-
way catalysts in cars this trend is evident for all DAs.

Figure 2-10 UK Carbon Monoxide Emissions by Constituent Country, 1990-2009
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The main sources of CO are outlined below:

1 Road Transport (1A3b). Petrol engines are the main source of CO emissions, especially
from cold start engine cycles. Since 1990, emissions from road transport sources have
reduced by around 83% due to the development of more efficient engine combustion
technology, the increased use of catalytic converters and the growth in diesel engine use.
Between 2008 and 2009, emissions from passenger cars decreased by 33% due to an
improvement in catalyst replacement rates, coupled with a downturn in vehicle km travelled.

1 Non road mobile machinery (1A2fii, 1A4bii, 1A4cii). In the UK, around 13% of CO
emissions arise from off-road mobile industrial, residential and agricultural machinery such as
portable generators, forklift trucks, lawnmowers and tractors. Emissions are calculated using
a complex model which takes into account the population of machinery in the UK, annual
usage, the engine size, replacement rates, and the implementation of legislation aimed at
reducing emissions. The population of machinery within the model is based on an in depth
survey for a single year, with the time series generated using proxy statistics. As such, these
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estimates arerelati vel y uncertain, however a recent
with those of other EU Member States indicated that the emissions are within the expected
range for the UK.

compar i

1 Stationary domestic combustion (1A4bi). Around 13% of CO emissions in 2009 arise from
residential combustion sources, namely non-electric domestic heating. Reductions in
emissions have been significant, due to the switch from solid fuels to the use of gas and
electricity, with a 71% reduction in UK emissions since 1990.

Other sources of CO emissions are small compared with transport and off-road sources. Industrial
combustion emissions have decreased by 28% since 1990, reflecting fuel switching from solid fuels
to gas, similar to the domestic sector (1A4b). The sudden decline in emissions from the agricultural
sector reflects the banning of stubble burning in 1993 in England and Wales, whilst power generation
(1A1a) accounts for only 3% of UK emissions in 2009.

Most emission sources have decreased significantly between 2008 and 2009, with notable decreases

for iron and steel production (-18%) and power generation (-13%), most likely due to the economic
downturn.

Emissions of CO for England, Wales, Scotland and Northern Ireland are summarised in the tables
and graphs below, with more detailed inventory tables in Appendix D. Table 2-7 shows how total UK
CO emissions are split between the 4 constituent countries, and Table 2-8 shows per capita
emissions for 1990 and 2009.

Table 2-7 Proportion of UK Carbon Monoxide Emissions by Constituent Country
Year England .~ Scotland Wales N Ireland Unallocated
1990 79% 9% 7% 4% 0%
2009 78% 8% 9% 3% 1%
Table 2-8

Emissions of Carbon Monoxide per capita by Constituent Country (kg/head)

England Scotland

WEIES N Ireland 0]
1990 151 155 223 214 157
2009 34.5 35.6 71.3 39.1 36.8
DA/UK (2009) 94% 97% 194% 106% -
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2.2.1 England Carbon Monoxide Inventory by NFR Sector, 1990-2009

The table and graph below give a summary of the CO emissions in England by broad NFR sector
categories. The detailed data are available in Appendix D.

Table 2-9 England Emissions of Carbon Monoxide by NFR Source Sector

NER Code 1990 1995 1998 1999 2000 ‘ 2001 ‘ 2002 2003 2004 2005 2006 2007

1AL - Energy 99 92 56 50 60 58 57 64 62 67 67 69 65 57 3%
Industries

1A2 - Industrial 328 | 346 | 330 | 316 | 294 | 280 | 288 | 280 | 208 | 272 | 277 | 282 | 280 | 246 | 14%
Combustion

éﬁﬁr;;a“po” 5396 | 4627 | 4213 | 3930 | 3444 | 3115 | 2776 | 2473 | 2213 | 1937 | 1720 | 1529 | 1377 | 968 | 54%
1A4 -

Commercial, 681 | 534 | 482 | 496 | 425 | 420 | 355 | 320 | 307 | 265 | 254 | 261 | 281 | 281 16%
Domestic and

Agricultural

Iln?jfstzri;ll 412 | 426 | 392 | 410 | 365 | 412 | 365 | 275 | 264 | 266 | 268 | 263 | 255 | 197 | 11%
é’?ﬁé‘r"sﬁj : 288 | 39 38 38 38 54 38 39 38 37 37 37 36 35 2%
Total 7203 | 6066 | 5510 | 5241 | 4626 | 4357 | 3880 | 3460 | 3184 | 2844 | 2623 | 2441 | 2294 | 1785 | 100%

Units: kilotonnes

Figure 2-11 England Carbon Monoxide Emissions by Source, 1990-2009
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Engl andds CO emissions have declined by 75% since 19

2009, 52% of CO emissions in England stem from road transport combustion sources (1A3bi-iv:
down by 83% since 1990), whilst 14% stem from industrial combustion (1A2: down 25% since 1990)
and 16% from commercial and residential combustion (1A4: down 59% since 1990). Notable
increasing trends in emissions arise from the non-road transport sources, such as railways (1A3c: up
by 29% since 1990). However, the levels of emissions from these sources are small relative to
emissions that arise from road transport (1A3b) sources.

Between 2008 and 2009, emissions of CO in England have declined by 22%. Much of this change
(75%) is driven by the decline in emissions from passenger cars (due to improved catalyst
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replacement rates), whilst declining emissions from industrial off road machinery and iron and steel
have also made a contribution, due to the economic downturn.

Figure 2-12 Map of Carbon Monoxide Emissions in England, 2009
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© Crown copyright. All rights reserved Defra, Licence number 100022861 [2011].
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2.2.2 Scotland Carbon Monoxide Inventory by NFR Sector, 1990-2009

The table and graph below give a summary of the CO emissions in Scotland by broad NFR sector
categories. The detailed data are available in Appendix D.

Table 2-10 Scotland Emissions of Carbon Monoxide by NFR Source Sector

NFR Code 2003 2004 2007 2008
1AL - Energy 147 | 146 | 100 | 92 | 120 | 106 | 104 | 97 | 101 | 99 | 119 | 124 | 145 | 137 7%
Industries
1A2 - Industrial | 5/ g | 315 | 207 | 285 | 26.7 | 264 | 285 | 282 | 209 | 27.9 | 278 | 289 | 206 | 249 | 13%
Combustion
éﬁﬁr;;a“po” 474 | 385 | 327 | 300 | 260 | 231 | 206 | 185 | 168 | 149 | 136 | 122 113 77 42%
1A4 -
Commercial, 186 | 120 | 107 | 108 | 93.4 | 906 | 76.9 | 68.1 | 62.2 | 526 | 544 | 558 | 60.8 60.0 32%
Domestic and
Agricultural
1B&2-

_ 553 | 63 | 64 | 77 | 78 | 86 | 82 | 44 | 44 | 44 | 50 | 53 53 53 3%
Industrial
é’?ﬁé‘r"sﬁj - 230 | 43 | 41 | 41 | 40 | 82 | 41 | 41 | 40 | 39 | 40 | 39 3.8 3.7 2%
Total 788 | 562 | 484 | 457 | 403 | 376 | 334 | 200 | 278 | 248 | 240 | 228 227 185 | 100%

Units: kilotonnes

Figure 2-13 Scotland Carbon Monoxide Emissions by Source, 1990-2009

900

800

CO Emissions (kilotonnes;

1990 1995 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Year
1A5,3,4,5,6,7 Other M 1B & 2- Industrial
B 1A4-Commercial, Domestic and Agricultural combustic B 1A3-Transport Sources
M 1A2-Industrial Combustion M 1A1-Energy Industries
Scotlandds CO emissions have declined by 77% since

2009, 39% of CO emissions in Scotland stem from road transport combustion sources (1A3bi-iv:
down by 84% since 1990), whilst 13% stem from industrial combustion (1A2: down 28% since 1990)
and 32% from commercial and residential combustion (1A4: down 68% since 1990).

Between 2008 and 2009, emissions fell sharply by 18%, driven predominantly by the reduction in

emissions from road transport, with further reductions in emissions from industrial combustion
emissions (1A2fi and 1A2fii), driven by the economic downturn.

AEA 25



Air Quality Pollutants

Figure 2-14 Map of Carbon Monoxide Emissions in Scotland, 2009
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