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Executive Summary

Greenhouse Gases

This is the 18" annual report from the UK National Atmospheric Emissions Inventory
(NAEI), and is produced by the National Environmental Technology Centre.

UK air pollutants - This report presents the latest estimates of emissions to the
atmosphere from the UK for the period 1970 to 2004. 44 pollutant species are included in
the 2004 annual inventory including 10 pollutant groups (NMVOC, Particulate Matter,
PCDD/F, PAH, PCB, HFC, PFC, SCCP, PCN and PBDE). Size fractionation is available
for particulate matter and speciation is available for: 500 NMVOCs, oxidation states of
Hg, Ni and Cr, 11 PAHs and 209 PCBs. The pollutants considered in this report are:

Air Quality Strategy Pollutants

carbon dioxide, CO,
methane, CHy

nitrous oxide, N,O
hydrofluorocarbons, HFC
perfluorocarbons, PFC
sulphur hexafluoride, SFq

Acidifying Pollutants & Ozone Precursors

e nitrogen oxides, NO, e calcium, Ca
e sulphur dioxide, SO, ®  magnesium, Mg
¢ pon-methane volatile organic compounds, NMVOC * e  sodium, Na
e ammonia, NH; e potassium, K
® hydrogen chloride, HCI
e hydrogen fluoride, HF
Persistent Organic Pollutants Heavy Metals
e polycyclic aromatic hydrocarbons, PAH * f ® arsenic, As ® mercury, Hg *
e dioxins and furans, PCDD/F e beryllium, Be e nickel, Ni *
® polychlorinated biphenyls, PCB * e cadmium, Cd ® tin, Sn
e pesticides: e chromium, Cr * e gelenium, Se
- lindane, hexachlorobenzene, pentachlorophenol e copper, Cu e vanadium, V
e short-chain chlorinated paraffins, SCCPs e Jead, Pb e zinc,Zn
[ ) [ ]

polychlorinated napthalenes, PCNs
polybrominated diphenyl ethers, PBDEs

particulate matter, PM,, *
black smoke

carbon monoxide, CO
benzene, CgHg
l,3—buta}diene, C4Hg

PAH * '

]

Base Cations

manganese, Mn

* Pollutant emissions are given as a total emission and speciated emissions. Particulate
matter emissions are given as PM;g, PM, s, PM,, and PMy .

f Benzo[a]pyrene is included in the Air Quality Strategy, but appears in this report in the
chapter on Persistent Organic Pollutants, as it is a PAH.

The change in emissions for these pollutants, is summarised in the following plot. The
change is given as the difference between the 1990 and 2004 emissions, expressed as a
percentage of the 1990 values.
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The greenhouse gas SFg is the only pollutant showing an increase across this period. SFg
emissions arise from a relatively small number of sources (magnesium production, high voltage
switchgear, electronics and manufacture of trainers), with most of these giving increased
emissions since 1990.

However, these emissions of SFg should be placed in context by considering the other greenhouse
pollutants. Comparison of the 1990 and 2004 emissions of a basket of six greenhouse gases

indicates a 14% decrease in the contribution to global warming.

Therefore the impact of the increased SF¢ emissions is more than counteracted by the decreased
emissions of other greenhouse gases (see Figure 2.1).
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CO, — Emission estimates for CO, from the UK show a decrease of 5% between 1990 and
2004, giving an emission of 153.6 Mt of carbon in 2004. The most significant reductions
arise from the public power and industrial combustion sectors. 2004 road transport
emissions account for 21% of the total emission and indicate a reasonably constant
absolute emission since 1997.

CHyj - Estimates of methane emissions show a decrease of 50% from 1990 to 2004, giving
emissions of 2.55 Mt in 2004. The largest sources are landfills, agriculture, natural gas
distribution and coal mining. Reduction is largely due to the decline in the coal mining
industry and increased levels of methane recovery on landfill sites.

N,O - UK emissions of nitrous oxide were 0.132 Mt in 2004, corresponding to a decrease
of 40% between 1990 and 2004. Emissions of nitrous oxide are dominated by agricultural
emissions and passenger cars. Emission estimates of N,O are highly uncertain (see
Section 2.4).

HFC, PFC and SFg- The UK emissions in 2004 were HFCs: 2.4 Mt of carbon equivalent,
PFCs: 0.1 Mt of carbon equivalent and sulphur hexafluoride: 0.3 Mt of carbon equivalent.
These correspond to reductions of 22% and 76% for HFC and PFC respectively. The
increase in SFq has been discussed above in point 2 above.

PM - The UK emissions of PM,, declined by 48% between 1990 and 2004, giving an
emission of 0.15 Mt in 2004. This reflects a trend away from coal use particularly by
domestic users. Coal combustion and road transport together contribute 41% of UK
emissions of PMjy in 2004. PM,y emissions from road transport have shown a steady
decline across recent years. Other PM size fractions are also included in this report. PM; 5
emissions have also fallen, but by a smaller amount, the largest source sector being road
transport, accounting for 30% of the 2004 total emission.

BS - Black smoke emissions in the UK have significantly declined (by some 84% between
1970 and 2004). Emissions in 2004 were estimated to be 165 kt. These estimates are
based on old measurement data and are hence very uncertain. They are included here for
completeness only.

CO - Emissions in 2004 (2.9 Mt) represent a 65% reduction on the emission in 1990. UK
emissions of CO are dominated by those from road transport (47% of UK emissions in
2004). The change in emissions between 1990 and 2004 is dominated by the reduction in
emissions from the road transport sector, caused by the increased use of catalytic
converters in cars.

Benzene —Benzene emissions have decreased by 74% between 1990 and 2004, giving an
emission of 14.5 kt in 2004. Fuel combustion from residential plants is the most
significant source of benzene, accounting for some 36% of the 2004 UK emission. The
use of benzene in the chemical industry gives rise to stack and fugitive emissions,
however these emissions sum to contribute only 3% to the UK total emission.
1,3-Butadiene — Emissions in 2004 were estimated to be 3.4 kt, representing a decrease of
73% between 1990 and 2004. Emissions of 1,3-butadiene are dominated by fuel
combustion in the road transport sector, which account for some 55% of the 2004 UK
emission. There have been significant reductions in the emissions from this sector due to
the increase in the number of cars equipped with catalytic convertors.

NOy - UK emissions of NOx were 2.9Mt in 1990. Emissions have fallen significantly to
1.6 Mt in 2004, representing a 45% reduction on the 1990 emissions estimate. This is
primarily a consequence of: abatement measures in road transport, abatement measures in
coal fired power stations and the increased use of other fuels for power generation. Road
transport and coal combustion combine to account for 64% (1A1, 1A3b) of UK emissions
in 2004.
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SO, - UK emissions of sulphur dioxide have fallen from 3.7 Mt in 1990 to 0.8 Mt in 2004,
representing a decrease of 77%. This is a result of reduced emissions from the industrial
and public power sectors arising from the decreasing use of coal and increasing use of
abatement equipment. However, coal combustion still accounts for 72% of the 2004 UK
SO, emissions.

HCI - UK emissions of hydrogen chloride have decreased by 89% between 1990 and
2004, giving an emission of 30 kt in 2004. This reduction is largely as a result of declining
coal use.

NMVOC - UK emissions of NMVOC are estimated as 2.4Mt for 1990 and 1.0 Mt for
2004, a decrease of 57%. The observed decrease arises primarily from the road transport
and industrial sectors.

NHj; - The total UK emission of ammonia for 2004 is estimated at 0.34 Mt, compared to
the 1990 estimate of 0.38 Mt, giving a 12% reduction. The agricultural sector dominates
the ammonia emissions, and emissions have decreased substantially since 1999. There
have been increases in the emissions from the road transport sector (caused by increased
use of catalytic convertors), but these have been more than offset by the impact of
decreased agricultural livestock numbers.

HF - The total HF emissions for 2004 are estimated to be 4.7 kt, representing a 53%
reduction on the 1990 emission estimates. As with HCl the dominant source is coal
combustion for public power contributing 62 % of emissions.

POPs — The 2004 UK emissions of persistent organic compounds may be summarised as
follows: 1723 t PAH (USEPA 16), 285 g I-TEQ PCDD/F (grammes of “toxic equivalent”
of dioxins & furans) and 1.33 t PCB. Emissions from all three of these pollutant groups
have greatly decreased. Emissions in 2004 equate to decreases of 79%, 77% and 81% on
the 1990 emission, for PAHs, PCDD/Fs and PCBs respectively.

Pb - UK Emissions of lead have declined sharply following reductions in the lead content
of leaded petrol, and the increased use of unleaded and lead replacement petrol. Emissions
in 2004 are estimated to be 0.13 kt, a decrease of 95% on the 1990 estimates. Road
transport now contributes only 1% to UK emissions total in 2004.

The 2004 emission inventory indicates that the dominant sources of many of the air
pollutants are from road transport and the use of coal (see table below).

AEA vii



Road Transport and Coal Combustion Contribution to Emissions of Selected Pollutants (2004)

Pollutant Total Coal Road Total Contribution
Combustion Transport

HC1 90% 0% 90%
HF 83% 0% 83%
Sn 57% 12% 69 %
16 PAHs 19% 49% 68 %
SO, 61% 0% 61%
Be 14% 42% 56%
1,3-Butadiene 0% 54% 54%
CO 7% 46% 53%
Se 31% 20% 50%
NOy 16% 31% 48 %
Cu 7% 37% 44%
Mg 44% 0% 44%
PM,o 10% 31% 41%
Carbon 21% 20% 40 %
Na 33% 0% 33%
Benzo[a]pyrene 28% 4% 32%
Mn 23% 6% 29%
Benzene 3% 22% 25%
K 20% 0% 20%
As 10% 0% 10%

It is therefore likely that future trends in emissions will be substantially determined by market
demand and UK Government/devolved administration policies associated with these areas.

21

A copy of this report may be found at the NAEI web site (http://www.naei.org.uk) along
with a facility for local interrogation of the data and links to data on emissions in other

countries.
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1 Introduction

1.1 AN INTRODUCTION TO EMISSION INVENTORIES

Emission inventories play an important role in assessing the effects of anthropogenic (man-made)
activity on atmospheric pollution. The principal demands for energy, transportation, materials
and food may be regarded as the “drivers” for the production of air pollutants. In order for an
economy to continue to develop in a sustainable way these sources of pollution must be managed.
To do this we must understand the “impacts”- i.e. what types of pollution affect which parts of
the environment or human health, and to what extent. To decide whether action is necessary we
also need to know the “state” of the environment- i.e. to evaluate whether the levels in the
environment exceed those which will cause environmental harm.

In taking appropriate action we must be able to respond in a focused way to control and reduce
pollution while avoiding larger-scale damage to economic development. Emission inventories
provide policy makers and the public with an understanding of the key polluting sources or the
“pressures”, how these sources have developed with economic growth and how they are likely to
contribute to pollution in the future. This understanding is essential for a focused “response’ to
the problems associated with air pollution and to meet the demands of sustainable development.

Figure 1.1 shows how our understanding of the pressures (through emission inventories) interact
with other areas of environmental knowledge such as impact assessment and monitoring (state).
Figure 1.1 also clearly shows the relationship between: emission inventories, economic activity
and effective environmental policy.

Figure 1.1 “DPSIR” Relational Diagram
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1.2 THE UK NATIONAL ATMOSPHERIC EMISSIONS INVENTORY

The UK National Atmospheric Emission Inventory (NAEI) is compiled by the UK Emissions
Inventory Team, at the National Environmental Technology Centre (NETCEN). The inventory,
and related programme of work is conducted on behalf of the Department for Environment, Food
and Rural Affairs (Defra) and the devolved administrations. More specifically, within Defra, work
in air quality pollutants is conducted for the Air and Environment Quality (AEQ) Division, and
work on greenhouse gases (GHGs) is conducted for the Global Atmosphere Division. The NAEI
is a single internally consistent programme, but this notional split into two components (an air
quality inventory and a GHG inventory), allows more focussed delivery on the relevant
environmental issues and Government commitments.

The NAEI is the standard reference air emissions inventory for the UK and includes emission
estimates for a wide range of important pollutants. These include: greenhouse gases, regional
pollutants leading to acid deposition and photochemical pollution, persistent organic pollutants
and other toxic pollutants such as heavy metals. The full range of pollutants is summarised in
Table 1.1 Where possible, estimates are presented for 1970-2004. However, for some pollutants,
e.g. ammonia and N,O, there is insufficient information to produce a 1970-2004 time series and
estimates are presented from 1990-2004.

Emission inventories serve several important functions, as explained in Section 1.1. The
following highlight several of the more important uses of the UK NAEI:

1. Provision of Public Information- The data from the NAEI is made available to the public in
various forms (see Section 1.2.3). The aim is to make information available in an easily
understandable format, informing the public of emissions in their area as well as making
national emissions data available. The NAEI is paid for by tax payers money, through the
national and devolved administration Government, and consequently it is important to
maintain a high public profile and accessibility to the work. A copy of this report is available
on the internet at http://www.naei.org.uk. Further information can be found in Section 1.2.3.

2. Development of policy- The data from the NAEI is used to inform development of policies to
tackle emissions of air quality pollutants and greenhouse gases.
¢ Identification of Primary Sources- The NAEI compiles emissions from all
possible anthropogenic and natural sources (where information allows).
Consequently it is simple to determine which source sectors are the major
emitters of individual pollutants.

e Temporal and Spatial Trend Assessment- The NAEI provides information
to allow temporal trend analysis as it is compiled annually (from 1970 for
most pollutants). This information feeds directly into policy associated with
reducing future emissions. UK maps are also generated for several of the
pollutants, allowing spatial trends to be assessed.

¢ Inventory Comparisons- Mapped emission inventories exist for a number
of cities across the UK. In some cases the techniques used to compile these
emission inventories differ from the NAEI. As a result comparison with the
NAEI highlights the potential strengths and weaknesses of the different
techniques.
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e National Modelling Studies- The NAEI is used in a variety of modelling
studies investigating spatial and temporal trends in deposition and
concentration of pollutants. Furthermore, it is possible to use the NAEI alone
to investigate the impact on emissions of particular future policy scenarios.

¢ Local Support- Data from the NAEI is frequently used by Local Authorities
to support air quality assessments, and aid the generation of local policy.

3. National and International Reporting- The NAEI provides the official air emissions
estimates for the UK. National and International reporting requirements are given in more
detail in the following Sections.

4. Progress on Complying with National and International Commitments- The annual
inventory provides an important assessment tool for policy makers. The inventory is used to
monitor progress towards emission limits and ceilings at both the national and international
level, and is therefore an important tool in assessing the effectiveness of existing policy
measures.

5. Provision of Information to the Private Sector- Data that goes towards compiling the NAEI
emissions inventory is often used by industry. This allows planning emissions reduction by
either introduction of abatement equipment, altering processes or improving efficiencies.

1.2.1 International Commitments

The NAEI provides the UK air emission data for submission to United Nations Economic
Commission for Europe (UN/ECE) and the United Nations Framework Convention on Climate
Change (UNFCCC). Under the UNFCCC, the UK is committed to developing, publishing and
regularly updating national emission inventories of greenhouse gases using reporting guidelines
from the Intergovernmental Panel on Climate Change (IPCC). The inventories for both direct
greenhouse gases (carbon dioxide, methane, nitrous oxide, hydrofluorocarbons, perfluorocarbons
and sulphur hexafluoride) and indirect greenhouse gases (nitrogen oxides, carbon monoxide and
non-methane volatile organic compounds) are drawn from the UK NAEI emissions data included
in this report. Likewise, NAEI estimates of emissions of nitrogen oxides, carbon monoxide,
ammonia, sulphur dioxide, NMVOC, persistent organic pollutants and heavy metals are
submitted to UN/ECE under the Convention on Long-Range Transboundary Air Pollution
(CLRTAP). As part of the commitments to the CLRTAP, countries are also required to submit
emission projections for selected pollutants (under the Gothenburg Protocol). These emission
projections are compiled and reported as part of the NAEI programme. NAEI data are also
provided to international emission inventory activities such as the EC’s CORINAIR and
EUROSTAT inventories.

Members of the UK inventory team have a strong international profile, and play an important role
in the development of international guidelines by the European Environment Agency and the
UN/ECE. The aim of these organisations is to achieve a consistent set of good quality inventories
for all European countries, and UK inventory experts contribute to this process in a number of
ways. More information may be found at the EMEP and UNFCCC websites at:

http://www.emep.int and http://www.unfccc.de
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Not all international reporting of emissions are drawn from the UK NAEIL One exception is the
EC’s European Pollutant Emissions Register (EPER) which arises from the IPPC Directive. The
Environment Agency’s Pollution Inventory (PI) provides data for the EPER for England and
Wales. Scotland construct their own PI equivalent, and Northern Ireland have an “ISR” Inventory.

1.2.2 National Information

The NAEI is a key database used to provide air emissions data to the public, UK Government, the
devolved administrations, Local Authorities and private sector organisations. Many of the specific
policy uses have been outlined above, but there are a number of other ways in which the data is
used. Several are given below:

e A significant amount of time is spent providing detailed emission estimates, output from
scenario analysis and supporting information to Defra and the devolved administrations. This
information is required for a wide variety of uses- from long-term policy support to specific
short-term issues.

e A great deal of information is made available to other organisations working on Defra
projects, projects for the devolved administrations, academia for research projects or
organisations involved in international projects and programmes. This ensures a high level of
consistency and efficiency in providing UK specific information.

e Mapped emission inventories for the UK are generated on a Ixlkm scale. These are
frequently used as a starting point for many local emission inventories, and input into Local
Authority Review and Assessment process, which assesses current and future air quality.

¢ Emission estimates for point sources and emissions arising from the surrounding area are used
in modelling studies as part of Environmental Impact Assessments by developers and their

consultants.

e There is a two way exchange of data with Trade Associations. This ensures that the NAEI and
the Trade Associations can arrive at emission estimates that are truly representative.

e Emission factor data is fed into the UK’s Emission Factor Database for access by Local
Authorities.
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Table 1.1 Pollutants Covered by the Inventories
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Pollutant Range of Estimates’ Type of Pollutant’

Carbon Dioxide CO, 1970-2004 G

Methane CH4 1970-2004 G

Nitrous Oxide N,O 1990-2004 G

Hydrofluorocarbons HFC 1990-2004 G

Perfluorocarbons PFC 1990-2004 G

Sulphur Hexafluoride SFs 1990-2004 G

Nitrogen Oxides NOy (NO> + NO) 1970-2004 NAQS, AC, IG, O

Sulphur Dioxide SO, 1970-2004 NAQS, AC, IG

Carbon Monoxide CO 1970-2004 NAQS, O

Non-Methane Volatile Organic Compounds NMVOC 1970-2004 NAQS, O, IG

Black Smoke BS 1970-2004 NAQS

Particulates < 10 um PMio 1970-2004 NAQS

Ammonia NH;3 1990-2004 AC

Hydrogen Chloride HCl 1970-2004 AC

Hydrogen Fluoride HF 1970-2004 AC

Lead Pb 1970-2004 NAQS, TP

Cadmium Cd 1970-2004 TP

Mercury Hg 1970-2004 TP

Copper Cu 1970-2004 TP

Zinc Zn 1970-2004 TP

Nickel Ni 1970-2004 TP

Chromium Cr 1970-2004 TP

Arsenic As 1970-2004 TP

Selenium Se 1970-2004 TP

Vanadium \Y 1970-2004 TP

Beryllium Be 2000-2004 TP

Manganese Mn 2000-2004 TP

Tin Sn 2000-2004 TP

Polycyclic Aromatic Hydrocarbons PAH 1990-2004 TP

Dioxins and Furans PCDD/F 1990-2004 TP

Polychlorinated Biphenyls PCB 1990-2004 TP

Lindane (gamma-HCH) HCH 1990-2004 TP

Pentachlorophenol PCP 1990-2004 TP

Hexachlorobenzene HCB 1990-2004 TP

Short-chain chlorinated paraffins SCCP 1990-2004 TP

Polychlorinated Napthalenes PCN NE TP

Polybrominated diphenyl ethers PBDE SE TP

Sodium Na 1990-2004 BC

Potassium K 1990-2004 BC

Calcium Ca 1990-2004 BC

Magnesium Mg 1990-2004 BC

! An explanation of the codes used for time series:

SE A “Single Emission” estimate not attributed to a specific year

NE “Not Estimated” due to lack of information currently available

2 An explanation of the codes used for pollutant types:

G Greenhouse gas Indirect greenhouse gas

(0} Ozone precursor Acid gas

NAQS National Air Quality Standard/Local Air Quality Management pollutant

TP Heavy metals and POPs are generally referred to as “Toxic Pollutants” (although other pollutants also have toxic
properties)

BC Base cation

The NAEI is compiled on an annual basis, each year the latest set of data are added to the
inventory and the full time series are updated to take account of improved data and any advances
in the methodology used to estimate the emissions. Updating the full time series is an important
process as it ensures that the entire dataset uses the methodology that is the most current, and
hence considered to give the most accurate results and the most accurate indication of temporal
trends. The new data are then reported to UN/ECE, UNFCCC and other international fora. This
annual cycle of activity is represented schematically in Figure 1.2.
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Figure 1.2 The Annual NAEI Cycle
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This report presents the definitive 2004 data from the NAEI and is the latest in a series of annual
reports published by the NAEI (Eggleston, 1988; Eggleston and Munday, 1989; Munday, 1990;
Leech, 1991; Gillham et al 1992; Gillham et al 1994; Salway et al 1996, 1996a, 1997, Salway
2000, Salway et al 1999, Goodwin et al 2000, Goodwin et al 2001, Goodwin et al 2002, Dore et
al 2004, Dore et al 2004, Dore et al 2005). In addition, the NAEI also produces an annual GHG
Report (Baggott et al 2006).

This report discusses trends in pollutant emissions, the accuracy of the emission estimates and in
many cases the pattern of their spatial disaggregation within the UK. Appendices are now not
included with this hard copy of the report, but more detailed information can be accessed from the
NAEI webpage (http://www.naei.org.uk).

Chapters 1 to 7 present the NAEI emission estimates for the UK. They have been divided into
five groups, reflecting the national and international activity relating to atmospheric pollution,
namely GHGs, National Air Quality Strategy pollutants, stratospheric ozone depletors, acidifying
gases and tropospheric ozone and other hazardous air pollutants. Each of these chapters include a
discussion of the importance of the pollutants concerned, present time series emission data, and
discuss the data trends and the accuracy of the emission estimates.

1.2.3 Information Dissemination

Data from the NAEI is made available to national and international bodies in a number of
different formats- as explained in Sections 1.2.1 and 1.2.2 An annual report is produced, giving
the most recent emissions data and other information such as: temporal trends, new pollutants and
methodology changes. The NAEI team also hold seminars with representatives from industry,
trade associations, UK Government and the devolved administrations.
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In addition there is a continuous drive to make information available and accessible to the public.
A large amount of information is made available on the internet. The NAEI web pages may be
found at:

http://www.naei.org.uk

These web pages are arranged to allow easy access to the detailed emissions data, but also general
overview information for those less well versed in air pollutants and emissions inventories in
general. Some things that can b located on the NAEI web pages include:

e Data Warehouse:- Emissions data is made available in numerous formats through a
queriable database. This allows extraction of overview summary tables, or highly detailed
emissions data.

e Emissions Maps: - Emissions of pollutants are given in the form of UK maps. These maps
give emissions of various pollutants on a 1 x 1 km resolution. The maps are available as
images, but in addition the data behind the maps can also be accessed directly from the
website.

e Post Code Search: - This search facility enables visitors to the site to enter their post code,
and obtain emissions data concerning the major sources in the vicinity.

e Reports: - The most recent NAEI annual report is made available in electronic format, along
with a host of other reports compiled by the inventory team, and reports on related subjects.

¢ Methodology: - An overview of the methods used for the compilation of the NAEI is
included on the website.

The web site is constructed so that the air emissions are placed in context. In addition there are
numerous links to locations explaining technical terms, pages giving airborne pollutant
concentrations and why there is an interest in particular pollutants. In particular there are links to
the various Defra pages containing comprehensive measurement data on ambient concentrations
of various pollutants. The Defra air quality sites can be found at:

http://www.defra.gov.uk/environment/airquality/index.htm

and

http://www.defra.gov.uk/environment/climatechange/index.htm
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1.2.4 Basic Methodology
Throughout the compilation of the inventory, considerable effort has been made to ensure both
consistency with other national statistics and that all available data sources are considered.
Hence, the data in the inventory need to be drawn from a wide range of sources.
That is:

Emission = Emission Factor x Activity

e.g.
Carbon Emission = Carbon content x Coal consumption
from coal use in of domestic coal in the domestic sector
domestic heating (in 2004) (in 2004)
(in 2004)

Emission factors are generally derived from measurements on a number of sources assumed to be
representative of a particular source sector. The resulting emission factor may then be applied to
similar sources within the sector. However, some sectors are particularly well characterised and
individual point sources within the sector may report a specific emission, which is regarded as
being more reliable. This is often the case with sectors incorporating large point sources (an
example being the Power Station sector). The inventories presented here are generated using a
combination of reported point source emissions, and emissions calculated using emission factors.

One of the most significant source is the provision by the Environment Agency of the emissions
data for Part A Processes in the Pollution Inventory. Where specific point source emission data
are unavailable, emissions are estimated from other activity data such as fuel consumption,
distance travelled, production or some other statistical data that is directly related to the
emissions. Emission estimates are calculated by applying an emission factor to an appropriate
activity statistic.

For many of the pollutants, the major source of emission is fossil fuel combustion. As a result fuel
consumption statistics feature prominently in the calculation of these emission estimates. It is
important to consider the difference between consumption and deliveries when making use of fuel
statistics. Most readily available statistics refer to deliveries which for many source categories
relate closely to actual consumption of fuel. However, where fuel can be stockpiled, deliveries
and consumption may differ significantly. This is just one example of having to ensure that the
available data is correctly interpreted, and used in the most appropriate way to arrive at
representative emission estimates. The NAEI uses the DTI’s annual Digest of UK Energy
Statistics (DUKES) as a primary source of fuel use data.

Emissions from sources such as industrial processes, farm animals and motor fuel evaporation
require different statistics; in these cases data on process output, population and motor fuel sales
are appropriate.

In other cases, where emissions are more complex, further refinements or an alternative
methodology is required. The emissions from road vehicles can be considered by way of an
example. An obvious activity indicator would be distance travelled, but emissions per unit
distance travelled will depend on: vehicle type, vehicle age, engine size, fuel type, average speed
and several other parameters. Clearly the methodology rapidly becomes complicated. To
accommodate this a separate road transport model is used for calculating the emissions given in
the NAEL
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1.2.5 Mapping Emissions

The sources contributing to the UK emissions can be represented as one of three categories:
points, lines or areas. Sectors such as power stations, refineries and large industrial plant can be
represented by points. Their locations are known and data to estimate emission contributions are
available. Major roads and railways are sectors that can be represented by lines if data are
available. Other disperse and numerous source sectors such as agriculture, domestic and
commercial are represented by areas.

The method used to map emissions in the UK is shaped by the data that are available. The
technique employs a combination of reported emissions (for emission sources at regulated sites)
and surrogate geographical statistics to distribute emissions from line and area sources.

The emission maps combine the different sources represented by the point, line and area sources.
In order to map this combination, the UK is divided into a grid of 1km squares. Emissions are
then represented in terms of tonnes per lkm grid square. Maps of emissions for the majority of
the pollutants covered under the NAEI have been included in this report. These maps show
emissions from all sources including some offshore sources. The offshore component is made up
of shipping and fishing related emissions within a 12km coastal zone and also offshore oil and gas
extraction further afield. This is to match the sources included in the maps with standard
international reporting protocols. The onshore and offshore components of the maps are shown
separately for NOy below in Figure 1.3.

It is difficult to identify an offshore total for many of the pollutants as the emissions occur from a
number of different sectors under reporting formats. For example, CH4 emissions from offshore
platforms will arise from a number of activities. Emissions may be included under “Extraction
and Distribution of Fossil Fuels”, however other emissions may fall within the “Waste Treatment
and Disposal” category (e.g. venting of CH4). Emissions from fuel combustion in shipping fall
into the “Other Mobile Sources and Machinery” sector. Annex 1 gives an explanation of the
UN/ECE reporting framework and indicates which source category the emissions are reported
under.

These maps meet the needs of a wide range of users. For example, they are used to provide input
into air quality modelling, which allows Local Authorities to generate action plans as part of their
air quality management role. The maps are also used in research projects investigating pollutant
transport and atmospheric chemistry, and by the general public who are interested in
understanding the air quality climate in their area.
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Figure 1.3 NO, Emissions Mapsl- Onshore, Offshore and Total Emissions (illustrative purposes)
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! This map is reproduced from Ordnance Survey material with the permission of Ordnance Survey on behalf of the Controller of Her
Majesty's Stationery Office © Crown copyright. Unauthorized reproduction infringes Crown copyright and may lead to prosecution or civil

proceedings. Defra, License number 100018880, 2006
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1.2.6 Projections

Projections of UK emissions are compiled at a minimum annually following release of a new
inventory baseline, but in addition when new energy / road traffic forecasts are generated by DTI/
DST. The projections indicate whether the UK is on track to meet a variety of international
commitments. Projections are currently compiled for the years 2005, 2010, 2015 and 2020.

Methodology

The NAEI method for estimating future emissions follows the methodology outlined in the
UNECE Task Force on Emission Inventories and projections (TFEIP) Guidebook (3rd Edition,
June 2002). In order to establish consistency between historic and projected emissions, emission
inventories and emission projections should be based on the same structure. Therefore a similar
method to that used to calculate historic emissions has been used to estimate future emissions.
Projected energy consumption statistics, forecasts of traffic growth and changes in the agricultural
sector are used to create activity ‘drivers’. The projections also take into account the introduction
of legislation, and assume that measures are introduced when required by legislation and not
earlier (and that all operators comply with this legislation).

A set of emission projections for the four National Emission Ceiling Directive (NECD) pollutants
(NOy, SO,, NMVOC, NHs) plus PM;y were compiled in February 2006 using the 2004 NAEL
This set of emission forecasts was provided for inclusion in the European RAINS (Regional air
pollution information and simulation model) model for the ‘UK national scenario’ in March 2006.

The emission projections are based on DTT’s UEP21 energy forecasts and DfT’s September 2004,
10 year plan for transport. Regulations that have been taken into account include:

The large combustion plant Directive (LCPD)

IPPC Directive

The Solvent Emissions Directive

Marpol VI

Sulphur content of liquid fuels regulations

European directives on vehicle emissions and fuel quality

Introduction of sulphur-free fuels (petrol & diesel), under Directive 2003/17/EC.

The latest set of projections using DTI’s UEP21 energy forecasts and the 2004 NAEI as the
baseline are referred to as UEP21 (2004).

Progress

If required, these can be obtained from AEA Energy and Environment.

These findings will be continually updated when there are revisions to both the inventory base
year and expected future trends, for example in energy use.

1.2.7 Continuous Improvement
The NAEI operates a policy of continuous improvement, and reviews methodologies each year.
The 2004 version of the NAEI has seen a considerable number of revisions and improvements,
summarised in the following sections.

Many of the estimates contained in the inventory are subject to significant levels of uncertainty
and there is a general need for improvements to methodologies to be made wherever possible.
The list below indicates which improvements have occurred since the 2003 NAEI report was
published.
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Use of gas oil by off-road vehicles and trains

The methodologies for estimating consumption of gas oil in off-road vehicles and trains have
been revised. The new estimates are generally higher than those used previously and, in order to
maintain consistency with total UK consumption figures given in DUKES, estimates of gas oil
consumed in stationary plant have been reduced. The new figures are considered to be more
reliable and are more in line with other data such as off-road vehicle and train population/usage
data and data on fuel use in medium and large stationary combustion plant.

Revision of consumption estimates for fuel oil

Estimates of sectoral consumption of fuel oil were previously generated using the so-called black
oils data supplied by DTI. These data are now considered to be of poor quality and their use has
stopped. Data from DUKES is now used. This has lead to revisions in estimates from many
source categories due to the differing way in which the activity data is reported.

Addition of domestic combustion of peat

Peat is used as a domestic fuel, particularly in Northern Ireland and Scotland. Emission estimates
have been added for carbon, methane, nitrous oxide, carbon monoxide, oxides of nitrogen,
NMVOC and PMlo.

Fuel used for cement production

Previous versions of the inventory have relied upon in-house estimates of fuel consumed by the
cement industry. These estimates were consistent with DUKES but did not fit with the fuel types
actually known to be in use in cement kilns — however, in the absence of alternative data, they
had to be used. For this version of the inventory, the British Cement Association (BCA) have
provided data on actual/estimated fuel use in UK cement kilns for the years 1990 and 2000-2004,
and these data have been used instead. Fuel consumption for other years have been estimated by
extrapolation from the BCA data.

Fuel transformation processes at steelworks
Corus UK Ltd have provided advice and data with which to further refine the revised
methodology for fuel transformation processes introduced with the 2003 version of the NAEI.

Emissions from combustion sources

A review of emission estimates for CO, NOx, metals, HCI and black smoke found that emission
factors were not included in the NAEI for certain, minor, source-fuel combinations. These gaps
in the inventory have been filled by allocating appropriate factors. The impact on overall
emissions is, however, relatively trivial.

Review of methane and nitrous oxide factors

Emission factors for minor, combustion-related sources are taken from literature sources such as
the EMEP/CORINAIR Emission Inventory Guidebook or the US EPA Compilation of Emission
Factors which are subject to periodic review and reissue. In some cases, the factors used in the
NAEI/GHGI were those given in superseded versions of these literature sources and these factors
have now been updated with factors taken from the current versions of these publications.

Power stations

Emission factors for power stations are based largely on emissions data published in the
Environment Agency’s Pollution Inventory and similar sources for Scotland and Northern Ireland.
This method remains unchanged although the calculations have been reviewed to ensure the most
complete set of data are used and that any assumptions are used consistently.
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Lime production
An error in the 2003 NAEI which meant that SO, emitted due to the use of coal was left out from
the inventory, has been corrected.

Waste lubricants

Assumptions made regarding the use of waste lubricants have been reviewed. A number of
changes have been made to the inventory as a result. Most significantly, it has been recognised
that emissions due to burning of lubricants in engines do not all occur from the road-transport
sector and that some of the emissions will occur from other transport sectors and from industry.

Correction of errors in PAH emission factors
A number of errors were found in the emission factors used for PAH species including an error
in the factors for combustion of impregnated wood which were therefore too low.

Road Transport
Three main changes have been made to the methodologies and data used for compiling the road
transport emission estimates. .
- Combustion of lubricating oil
= This year for the first time has been allocated to the road transport sector. This
has affected carbon & SO2 emissions.
- Arevision to the vehicle kilometre time series for Northern Ireland.
= This was a re-allocation of the vehicle kilometres between cars and LGVs and an
amendment to the vehicle kilometres for HGVs, following a prolonged period of
discussions with the DoeNI and DRDNI in 2005.
- Improvements to the estimation of cold start emissions.
Off-road Sources and Rail vehicles
Off-road sources cover emissions from a range of portable or mobile equipment powered by
reciprocating diesel or petrol driven engines. They include agricultural equipment such as
tractors and combine harvesters; construction equipment such as bulldozers and excavators;
domestic lawn mowers; aircraft support equipment; and industrial machines such as portable
generators and compressors. In the NAEI they are grouped into four main categories:
domestic house & garden
agricultural power units (includes forestry)
industrial off-road (includes construction and quarrying)
aircraft support.

Rail emissions relate to diesel powered rail vehicles.

In the 2004 inventory, Netcen's own fuel consumption estimates as opposed to DTI's estimates
were used for the first time. This was because it was felt that DTI's estimates were unreliable.
Netcen's fuel consumption estimates are based on the population of off-road machinery and hours
of use plus other factors. This led to a large increase in fuel consumption and hence carbon
emissions being predicted from this sector compared to previous inventories.

Geographical Coverage

Geographical coverage of the UK inventory has been under review. Under selected international
protocols, emissions from UK dependent territories (and some other locations) are allotted to the
UK. Consequently it has been necessary to estimate the emissions from a number of new
geographical locations. Emission estimates have been made for: Gibraltar, Jersey, Guernsey, the
Isle of Man and Akrotiri/Dhekhelia (Sovereign Bases on Cyprus), although the pollutant and year

AEA 24



Introduction

coverage is limited in some cases. In addition, the uncertainty for some sectors is known to be
higher. Improvements to these emission estimates for overseas locations is on-going.

In addition to the above, the inclusion of other overseas locations is currently being considered.
This is because overseas territories can elect to sign up to the Kyoto protocol by coming under the
UK’s umbrella agreement (i.e. their emissions would be included as part of the UK submission to
the UNFCCC). Discussion are underway with Overseas Territories, and the outcome will
determine whether they are to be included in next years inventory, covering 1970-2004.

Crown Dependencies and Overseas Territories

The precise geographical definition of the “UK” differs across the international protocols and
legislation relating to emissions. For some official reporting, the UK submission is required to
include selected UK Overseas Territories (OTs) and Crown Dependencies (CDs). The situation is
complex, and the geographical extent of the “UK” can vary from pollutant to pollutant.

In previous years, work has been conducted to make emission estimates of selected air quality
pollutants from UK Crown Dependencies (The Bailiwick of Jersey, The Bailiwick of Guernsey
and the Isle of Man). This year a full timeseries of GHG emissions were also required for these
CDs as well as selected OTs.

An invitation was sent out by the UK Government to all of the UK overseas territories to come
under an umbrella agreement with the UK for the ratification of the Kyoto protocol. The
invitation was accepted by the following:

® The Bailiwick of Jersey e The Falkland Islands
e The Bailiwick of Guernsey e The Cayman Islands
e The Isle of Man ® Bermuda

* Montserrat

Akrotiri and Dhekhelia (Cyprus)2

e Gibraltar®

Detailed results and methodologies for all of these emission estimates are reported in Chapter 8.

A decision was made on behalf of the Pitcairn Islands and other smaller territories that they did
not wish to be included.

% Akrotir and Dhekhelia are legally classified as “Sovereign Bases”.
3 Classification of Gibraltar is more complex than other OTs because it is a member of the EC. Details are
included in Chapter 8.
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1.3 UK POLLUTION INVENTORIES

The environmental regulatory authorities in the UK each manage pollution inventories for
industrial emissions to air, land and water. Operators of industrial processes that are authorised
under IPC (Part A) and PPC (Part A) are required to submit annual estimations of emissions of
target substances, and this data is verified by the regulators and then made publicly available.

1.3.1 The Environment Agency of England & Wales - Pollution Inventory

The Environment Agency of England & Wales (EA) compiles a Pollution Inventory (PI) of
emissions from around 2,000 major point sources in England and Wales. This requires the
extensive compilation of data from a large number of different source sectors. This valuable
source of information is incorporated into the NAEI wherever possible, either as emissions data,
or surrogate data for particular source sectors. The information held in the PI is also extensively
used in the generation of the NAEI maps, as the locations of individual point sources are known.
The NAEI and the EA work closely to maximise the exchange of useful information. The PI
allows access to air emissions through post code interrogation, and may be found on the
Environment Agency website: -

http://www.environment-agency.gov.uk/business/444255/446867/255244/

1.3.2 The Scottish Environmental Protection Agency — EPER Inventory

The Scottish Environmental Protection Agency (SEPA) compiles an emissions inventory for
emissions reporting under the Integrated Pollution Prevention and Control (IPPC) Directive and
the European Pollutant Emission Register (EPER). The reporting of emissions is required for all
activities listed in Annex I of the IPPC Directive, and under EPER requirements, emissions
reporting is required for the years 2002, 2004 and 2007. Historically, the Scottish emissions
inventory was managed by three regional offices, but in recent years progress has been made to
allow a centralised emissions inventory for Scotland to be developed. As with the data from the
EA Pollution Inventory, the point source emissions data provided via the SEPA inventory is used
within the NAEI in the generation of emission totals, emission factors and mapping data. The
SEPA inventory can be found at: -

http://www.sepa.org.uk/data/eper/mainpage.htm

1.3.3 The Northern Ireland Department of Environment — ISR Inventory

The Environment & Heritage Service of the Northern Ireland Department of Environment
compiles an inventory of industrial emissions for the purposes of EPER and this point source
data, although not as yet available via the web, is readily available to the public via the
Department itself. The NAEI utilises this valuable point source emissions data for the
development of emissions totals, factors and mapping data. Information can be found at:

http://www.ehsni.gov.uk/environment/industrialPollution/ipc.shtml
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2 Greenhouse Gas Emissions

2.1 INTRODUCTION

Increasing atmospheric concentrations of greenhouse gases (GHGs) originating from
anthropogenic activities are leading to enhanced warming of the atmosphere and global climate
change. The major greenhouse gases are carbon dioxide (CO,), methane (CH,4) and nitrous oxide
(N,O) all of which have both natural and anthropogenic sources. In contrast, the three industrial
gases: hydrofluorocarbons (HFC), perfluorocarbons (PFC) and sulphur hexafluoride (SFe), are
potent greenhouse gases but only originate from anthropogenic sources (not natural sources have
been verified).

These six greenhouse gases comprise the ‘basket of emissions’ against which reduction targets
were agreed at the Third Conference of the Parties of the United Nations Framework Convention
on Climate Change (UNFCCC) in Kyoto, Japan in December 1997. The target for the UK is to
achieve a reduction of the global warming potential of the six greenhouse gases of 12.5% by
2008-2012 (based on 1990 emissions estimates). Consequently the UK is required to compile
annual emission inventories of these greenhouse gases and report the emissions to international
bodies, such as the UNFCCC to demonstrate progress against its target under the Kyoto Protocol.
The EU is also a signatory to the Protocol, and as a member, the UK has to also submit GHG
emissions data to the European Union Monitoring Mechanism (EUMM).

Greenhouse Gas Inventories are submitted to UNFCCC and the EUMM in the Common
Reporting Format (CRF). The CRF is a detailed and complex reporting framework, and gives net
carbon emissions (that is emissions minus removals). The data in this report is presented here in a
UN/ECE reporting format (see Annex 1) and quotes land use change and forestry emissions and
removals separately. Consequently emission “totals” will vary between the two reporting formats.
More detailed information may be found in the annual report on UK GHG emissions produced by
the NAEI (Baggott et al, 2006).

The 2004 emissions for each of these six greenhouse gases are summarised in Table 2.1, and their
inventories are discussed in the following sections. Inventories for the three indirect gree