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1.1 INTRODUCTION 

The UK Greenhouse Gas Inventory compiles national estimates of greenhouse gas emissions for 
submission to the UN Framework Convention on Climate Change under the requirements of the Kyoto 
Protocol. The most recent version of the inventory, published in April 2011, presents UK greenhouse 
gas emission estimates for the period 1990 to 2009 (MacCarthy et al, 2011). 
 
This report presents separate inventories of greenhouse gas emissions for England, Scotland, Wales 
and Northern Ireland for the years 1990, 1995 and 1998 to 2009 that are consistent with the 1990 to 
2009 UK Greenhouse Gas Inventory. 
 
The six direct greenhouse gases are considered: 
 

 Carbon dioxide (CO2); 
 Methane (CH4); 
 Nitrous oxide (N2O); 
 Hydrofluorocarbons (HFCs); 
 Perfluorocarbons (PFCs); and 
 Sulphur hexafluoride (SF6). 

 
1.1.1 Reporting Format 
 
The DA GHG inventories are presented in National Communication reporting format, in order that 
emissions align with policy analysis requirements of the DA Governments. Within the discussion of 
inventory compilation methodology, source data and trends, the IPCC sector nomenclature is used, as 
this enables information to be presented at a much greater level of detail, aligned with specific 
emission sources. The mapping between National Communication and IPCC sector format reporting is 
summarised in the table in Appendix 6. 
 
Emissions from the offshore oil and gas industry are included within the UK GHG inventory, and are 
reported within the DA GHG inventory as “Unallocated” emissions. 
 
The UK Inventory also reports emissions from international marine and aviation bunkers separately, as 
memo items to the main UK inventory dataset, in line with the reporting requirements of the United 
Nations Framework Convention on Climate Change (UNFCCC).  Emission estimates for these 
international transport sources are presented separately from the main DA GHG inventory data. For 
more details, see Appendix 3. 
 
1.1.2 General Approach 
 
The UK Inventory is based on UK statistics for activities producing greenhouse gas emissions. These 
include fuel consumption, industrial production, agriculture and land use change and forestry.  In 
principle, it would be ideal to obtain a complete set of equivalent statistics for each constituent country 
to compile each inventory. 
 
Such a set of statistics is not available for all sources and for all constituent countries and hence it is 
necessary to disaggregate UK emissions into the four constituent countries by an estimation 
procedure.   
 
For most sources in the UK Inventory, the emission of a pollutant from a source is calculated from the 
general equation: 
 

E Ae=    [Equation 1] 
 
where 
 E = Emission of pollutant (tonnes) 
 A = Activity (unit activity) 
 e = Emission Factor (tonnes pollutant/unit activity) 
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The activity unit may be fuel combustion (tonnes), or production of product (tonnes) or numbers of 
animals. 
 
A modified equation is used in the compilation of the Devolved Administration GHG inventories: 
 

∑
=

= 5

1j
j

i
i

d

AedE  [Equation 2] 

 
where 
 
Ei = Emission (in tonnes) from either England (1),Scotland (2), Wales (3), Northern 

Ireland (4) or “Unallocated” (5) 
 
di = A driver representing the contribution of the region to UK emissions 
 
i = 1, 2, 3, 4, 5 
 
The driver, di can be any one of: 
 
1. The value of the activity data for the region.  [For example, consumption of specific fuels or 

industrial production figures for the region.]; 
2. The fraction of the UK activity in the region; 
3. The value of a surrogate activity data statistic in the region.  Where the required activity is 

unavailable on a regional basis, a surrogate value may be used.  [For example, employment 
statistics or manufacturing output of a specific product, used as a surrogate for consumption data 
of a given fuel.]; and 

4. In cases where the emissions are derived from a complex model, the driver will be the actual 
emission for the region calculated from the model. 

 
The modified equation [2] ensures that the sum of the emissions from England, Scotland, Wales and 
Northern Ireland, plus any “unallocated” (i.e. offshore) emissions, equals the total UK emission 
reported within the national inventory. 
 
Where the driver is fuel consumption, then the sum of the drivers should add up to the UK 
consumption.  However, in practice this may not be the case if the data are taken from different 
sources or may be based on the financial rather than the calendar year.  The estimation procedure 
removes such discrepancies. 
 
Thus the compilation of the greenhouse gas inventories for the constituent countries of the UK reduces 
to the estimation of a set of drivers, each appropriate to emissions from a specific source. In compiling 
the 2009 inventories, over 180 drivers have been calculated. 
 
Subsequent sections discuss the estimation of the drivers for each source category.  Most of the 
detailed discussion is concentrated on the more complex categories, whilst simpler sources are 
summarised in Tables A1.1 to A1.10.  The IPCC classification is used throughout (IPCC, 1997a), and 
the following section provides a description of the abbreviations used throughout the Appendix 1 
discussion. 
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1.1.3 Improvements to DA Inventory Datasets 
 
In the derivation of the 1990-2009 DA GHGI datasets, the inventory methods and data sources for 
several GHG emission source sectors have been revised and improved, including: 
 

 Fuel combustion emissions from the domestic, commercial, public administration and small-
scale industrial sectors, using new data from domestic housing surveys, censuses and the 
Phase II EUETS fuel use and emissions data;  

 Coal mining 
 Upstream oil & gas exploration and production sources 
 Gas network combustion emissions 
 Road transport 
 Agricultural soils 
 Land Use, Land Use Change and Forestry sources 

 
Data and methodological improvements and revisions within the latest DA GHG inventories are 
summarised in Chapter 7 of the main report, with detailed estimation methods presented in this 
appendix. Where EUETS data have been used to improve the emission estimates for high emitting 
source sectors such as power stations, refineries, cement kilns and other industrial combustion 
sources, the details are provided within Annex 11 of the National Inventory Report 2011 (MacCarthy et 
al, 2011) and within the EUETS improvement programme report at: 
 
http://uk-air.defra.gov.uk/reports/cat07/1106161307_IP_Task_2_EUETS_Issue_1.pdf 
 
 

http://uk-air.defra.gov.uk/reports/cat07/1106161307_IP_Task_2_EUETS_Issue_1.pdf


AEAT/ENV/R/3222 Issue 1  Greenhouse Gas Inventories for England, Scotland, Wales 
and Northern Ireland: 1990 - 2009 

 

A.1.6  AEA  

Summary of Abbreviations 
 
AEAT AEA Technology plc 
BCA British Cement Association 
BERR Department for Business Enterprise & Regulatory Reform 
BGlass British Glass 
CA Coal Authority 
CAA Civil Aviation Authority 
DAs Devolved Administrations 
DARD Department of Agriculture and Rural Development (Northern Ireland) 
DTI Department of Trade and Industry (now DECC) 
DfT Department for Transport 
DECC Department for Energy and Climate Change  
DETI Department of Enterprise, Trade and Investment (Northern Ireland) 
DETR / 
DEFRA 

Department of Environment, Transport & the Regions / Department for 
Environment, Food and Rural Affairs 

DFPNI Department of Finance and Personnel, Northern Ireland 
DLTR Department for Local Government, Transport and the Regions 
E England 
EA The Environment Agency of England & Wales 
EAF Electric Arc Furnace 
EM Enviros March 
EPER European Pollutant Emissions Register  
EUETS EU Emission Trading Scheme 
IPCC Intergovernmental Panel on Climate Change 
ISR Inventory of Statutory Releases  (NI DoE) 
ISSB Iron and Steel Statistics Bureau 
LPG Liquefied petroleum gas 
LRC London Research Centre 
MAFF Ministry of Agriculture, Fisheries and Food (now DEFRA) 
MSW Municipal Solid Waste 
NA Not Available 
NAEI National Atmospheric Emissions Inventory 
NI DoE Northern Ireland Department of Environment 
NIEA Northern Ireland Environment Agency 
NIO Northern Ireland Office 
NO Not occurring 
OFMDFM Office of the First Minister and the Deputy First Minister (Northern Ireland) 
ONS Office for National Statistics 
OPG Other petroleum gas 
PI Pollution Inventory of the Environment Agency of England & Wales 
S Scotland 
SEPA The Scottish Environment Protection Agency 
SPRI Scottish Pollution Release Inventory 
SSF Solid smokeless fuel 
SPRU Science Policy Research Unit 
UKOOA UK Offshore Operators Association, now called “Oil & Gas UK” 
UKPIA United Kingdom Petroleum Industry Association 
WO Welsh Office 

WS Welsh Statistics 
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1.2 ENERGY INDUSTRIES 

The drivers used for the energy industries are summarised in Table A1.2.  This shows the base 
sources used in the National Atmospheric Emissions Inventory (NAEI) database, which correspond to 
the IPCC sources.  The activity data used in the UK Inventory are shown together with the drivers used 
in the inventories for the constituent countries for 1990, 1995 and 1998 to 2009.  The derivation of 
drivers sometimes differs between years depending on data availability.  
 
1.2.1 Electricity Production 
 
Emissions are based on fuel consumption data provided by the major power generators in Great 
Britain and the Northern Ireland Office for 1990 to 1999: Scottish Power (2004), Scottish and Southern 
Energy (2004), Innogy (2004), PowerTech (2004), AES Drax (2004).  From 2000 onwards, emissions 
data from the Pollution Inventory (Environment Agency, 2010a) the Scottish Pollution Release 
Inventory (SEPA, 2010a) and the Inventory of Statutory Releases (Northern Ireland Environment 
Agency, 2010a) has been used to estimate DA emissions. For emissions in 2005 onwards, fuel use 
and emissions data reported within the EUETS (Environment Agency, 2010b; SEPA, 2010b; Northern 
Ireland Environment Agency, 2010b) have been used to revise and update the annual fuel emission 
factors that are applied within the UK GHGI, and the DA GHGI. The emissions data reported via the 
EUETS are used to estimate DA share of UK emissions, whilst maintaining the emission totals 
consistent with the UK GHGI data and UK fuel use reported in DUKES. Country-specific electricity 
generation data (DECC, 2010b) are then used as a comparator against reported emissions, as a 
quality check for the power station emissions data. 
 
Emissions from plant generating electricity from municipal solid waste combustion are less certain for 
pre-1999, but all the plant are known to be in England for 1990-98 and so the emissions will 
correspond to the UK emissions.  Since 1999, two plants have been commissioned in Scotland, at 
Lerwick and Dundee and emissions estimations are based on emissions data reported to the EA and 
SEPA. 
 
A small number of plants generate heat rather than electricity and these are categorised as 1A4a 
commercial and institutional.  Some generating plant burn poultry litter, or meat and bone meal, and 
these are all located in England.  The distribution of landfill gas and sewage gas generation is 
assumed to correspond to the distribution of landfill sites and sewage treatment plant (see Waste, 
Section 1.11). 
 
1.2.2 Petroleum Refining 
UKPIA have provided a site-by-site breakdown of UK refining emissions for 1997 and 1999 – 2009 
(UKPIA, 2010), presenting the emissions of a range of pollutants from combustion, process and 
fugitive sources. In addition, UKPIA have advised that refinery throughput did not vary significantly 
between 1990 and 1997.  The EUETS data also provides (from 2008 onwards) a comprehensive 
scope of refinery emissions broken down by process and fuel, and these data are used to derive 
emission factors for fuel oil, natural gas and other petroleum gases (OPG) use in refineries within the 
UK and DA GHG inventories.  
 
Furthermore, in the 1990-2009 GHG inventory cycle, the activity data reported in the EUETS for 
petroleum coke use in refineries has been used in preference to the reported DUKES fuel use 
allocation to the sector. Further revisions in future inventory cycles are anticipated for other fuels 
including fuel oil and OPG, as a result of the EUETS data analysis and consultation with the DECC 
energy statistics team. Emissions for 1998 are based on carbon dioxide emissions reported in the 
Pollution Inventory (EA: 1999a).  
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Table A1.2a: Energy Industries (Base Year – 1990)1 

 
IPCC Category NAEI Sources Activity: Fuel 

Consumption 
1990 

Electricity 
Production 

Power Stations Coal, oil, natural gas Consumption data from Power Generators 
 Unrefined natural gas NO 
 Sewage gas Sewage methane recovered 
 Landfill gas As landfill methane 
 Orimulsion, MSW, poultry 

litter and tyres 
All plant in England 

Petroleum 
Refining 

Refineries All fuels UKPIA CO2 emission estimates for pre-1997 

Manufacture of 
Solid Fuels 

Coke Production Colliery Methane All such plant assumed to be in England. 
 Coke Oven gas, natural gas Coal feed to coke ovens, ISSB, WS, DTI 
 Coke Coke breeze consumption, ISSB 
 Blast Furnace gas Coke consumed in blast furnaces, ISSB 
SSF Production All fuels Coal feed to SSF plant, DTI, WS 

Other Energy 
Industries 

Collieries All other fuels Deep mined coal production, data from British Coal Authority 
 Coke oven gas All such plant assumed to be in England. 
Gas Production Colliery methane Deep mined coal production, data from British Coal Authority 
 LPG and Natural gas DA share of aggregate data from EUETS installation data for natural gas 

use from 2005-2009.  
Offshore Own Gas 
Use / Gas Separation 
Plant 

Unrefined natural gas, LPG, 
OPG 

Extrapolated from 1995 on oil and gas arrivals, DTI 

Nuclear Fuel Prod. natural gas All plant in England. 
 
1 See Section 1.1.3 for abbreviations 
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Table A1.2b: Energy Industries (1995; 1998 to 2009) 

 
IPCC Category NAEI Sources Activity: Fuel 

Consumption 
Data Sources / Comments 

Electricity 
Production 

Power Stations Coal, oil, natural gas Emissions data and fuel consumption data from Power 
Generators; PI, EPER & ISR data from 2000 onwards;  
EUETS data from 2005 onwards. Emission totals are always held 
consistent with the UK GHGI and DUKES fuel use totals. 

Unrefined natural gas Some power facilities have used this fuel since 1995. Data 
provided by plant operators.  

Sewage gas Sewage methane recovered  
Landfill gas As landfill methane 
Orimulsion, MSW, poultry 
litter 

From 1999, some MSW plant now also in Scotland. 

Petroleum 
Refining 

Refineries All fuels UKPIA CO2 emission estimates for pre-1997. Pollution Inventory 
CO2 emission estimates for 1998. UKPIA data for 1999 onwards. 
EUETS data from 2008 onwards are used to inform fuel-specific 
emission factors by DA. Deviations from DUKES fuel use 
allocations have been made for petroleum coke only, using 
EUETS activity data instead. 

Manufacture of 
Solid Fuels 

Coke Production Colliery Methane All such plant assumed to be in England. 
Coke oven gas, natural gas Coal feed to coke ovens, ISSB, WS, DTI and (since 1999) PI data. 
Coke Coke breeze consumption, ISSB.  
Blast Furnace gas Coke Consumed in Blast Furnaces, ISSB. 

SSF Production All fuels Coal feed to SSF plant, DECC, WS. 
Other Energy 
Industries 

Collieries All other fuels Deep mined coal production, data from British Coal Authority.  
Coke oven gas (1995 – current) No such plant operating. 

Gas Production Colliery methane Deep mined coal production, data from British Coal Authority.  
LPG and Natural gas EUETS installation data for natural gas use from 2005-2009. All 

other years estimated based on the aggregate DA share from the 
2005 to 2009 EUETS data. 

Offshore Own Gas 
Use / Gas Sepn. 

Unrefined natural gas, LPG, 
OPG 

(1995 – current) Oil & Gas UK EEMS CO2 estimates for terminals, 
DECC activity data. EUETS data for terminals. 

Nuclear Fuel Prod. natural gas (1995 – current) Data not available. 
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1.2.3 Manufacture of Solid Fuels 
 
This category comprises the production of coke and solid smokeless fuel (SSF).  Country-specific data 
on coke ovens in the iron and steel industry are reported in detail by ISSB (2010).  Two coke ovens in 
England and Wales are not attached to an integrated iron and steel facility, and the consumption of 
coal by these ovens is estimated from WO (1998) and UK data (DECC: 1991, 2000-2010).  The Welsh 
statistics are only available to 1993, so this data is used as an estimate of the Welsh non-iron and steel 
coking coal consumption in 1995.  For 1998 to 2009, the non-iron and steel coking coal consumption 
data is apportioned between England and Wales using carbon dioxide emissions for the particular sites 
reported in the Pollution Inventory (EA: 2010a) and EUETS (EA: 2010b). 
 
The generic driver for coke oven fuel consumption is the regional consumption of coking coal (ISSB, 
2010). This driver is also used for natural gas consumption and coke oven gas consumption.  Some 
coke ovens use blast furnace gas as fuel and the availability depends on blast furnace gas capacity 
(see Industrial Processes). Small amounts of colliery methane are consumed in the manufacture of 
solid fuels and this was judged to occur entirely in England where coking occurs in close proximity to 
deep mining.  Small amounts of coke breeze are also used, and this has been disaggregated using 
data on other coke consumption from ISSB. 
 
The estimation of emissions from SSF production is rather uncertain, as limited fuel use data are 
available from processes across the UK. Moreover, many of these are the new briquetting processes 
rather than coking processes and produce negligible emissions.  For SSF plant operating in England 
and Wales, it is possible to estimate regional consumption using UK data (DECC, 2010a) and Welsh 
data (WO, 1998).  Welsh data for 1995 has been estimated, whilst all SSF coking plant still operating 
since 1998 are known to be in England.  Thus the driver used is coal consumed by SSF plant. 
 
1.2.4 Other Energy Industries 
 
This category consists of a number of small emissions from collieries, the gas industry, the nuclear fuel 
industry and a large emission from offshore natural gas use.  In the DA inventories, emissions from oil 
and gas terminals are based on data provided by DECC (2010e).  Installation-specific data are only 
available for post-1995. Emissions for 1990 are extrapolated based on 1995 Oil & Gas UK data and 
the arrivals of crude oil and natural gas in Scotland and England (DTI, 1991; 1996).  The category of 
“gas separation plant” is assumed to be a subset of the gas used in oil and gas terminals and is treated 
in the same way as “offshore own gas use”, with emissions allocated based on the DECC data on gas 
consumption in terminals.  
 
Emissions from gas combustion at installations linked to the gas supply network comprise activities at 
compressor stations, LNG terminals and other above ground installations. The UK GHGI estimates are 
based on the sector natural gas allocation in DUKES. A large number of the larger sites (compressor 
sites, LNG terminals) report their fuel use and emissions to the EUETS. Since 2008, the reported fuel 
use and emissions from these large sites in EUETS exceeds that reported within DUKES and the UK 
GHGI, indicating that there is a small gas mis-allocation within DUKES. The DA estimates for the 
sector are based on the aggregated emissions data from the EUETS dataset. The EUETS data are 
used for each year from 2005 onwards. For 1990-2004, the DA share of the gas use is estimated 
based on the 2005-2009 EUETS totals. These estimates are uncertain, as the UK data are an under-
report, the EUETS data only cover the larger sites on the network and may not be representative of the 
overall DA split of activity, and the 1990-2004 data are extrapolated from more recent data, assuming 
that the DA trends follow the UK-wide trend.  
 
Other sources are minor and are covered in Table A1.2. 
 
1.3 MANUFACTURING INDUSTRIES AND CONSTRUCTION 

The drivers used to estimate DA-specific fuel consumption from these sectors are summarised in 
Table A1.3. 
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1.3.1 Iron and Steel 
 
The ISSB (2010) provides annual reports of the detailed regional consumption of fuel by the steel 
industry. The consumption of coke by sinter plant is estimated as the non-blast furnace coke 
consumption (as this is the main other use of coke).  The consumption of coke oven gas is distributed 
as proportional to regional figures for coal feed to coke ovens, whilst the consumption of blast furnace 
gas is distributed as proportional to regional figures for coke feed to blast furnaces.  (The production of 
these gases is estimated to be proportional to the fuel used as feedstock.) 
 
The ISSB reports the general consumption of coal, fuel oil, gas oil, LPG and natural gas by the primary 
iron and steel industry.  This is a narrower definition than that used by DECC, which includes foundries 
and finishing plant, and therefore the DECC data used in the UK GHGI is higher than the ISSB data.  
Nevertheless, the regional ISSB data is used as a surrogate, since the distribution of the wider steel 
industry is directly linked to that of the primary industry, and the emissions from the secondary plant 
are considerably lower than the primary plant. 
 
1.3.2 Other Industry 
 
DECC (2010a) reports sub-national sales of solid and liquid fuels, but only as totals for England and 
Wales (combined), Scotland and Northern Ireland, based on reported sales data from refineries and 
collieries. These data have previously been used to provide estimates for other industrial fuel use, by 
difference from consumption data from specific sources (e.g. road transport, heavy industry). In recent 
years, however, DECC has started to produce more detailed sub-national energy use data (DECC, 
2010b), based on local electricity and gas consumption patterns, as part of a project to develop Local 
Authority carbon dioxide emissions data. These statistics use local electricity and gas use data from 
the National Grid and the gas supply network operators (formerly Transco). Solid and liquid fuel use is 
calculated using point source consumption data (for major industrial sites), and a complex modelling 
process to distribute remaining UK fuel allocations that uses employment and population data, and 
takes account of smoke control zones and the patterns of gas and electricity consumption. 
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Table A1.3a: Manufacturing Industry and Construction (Base Year – 1990)1 

 

IPCC 
Category 

NAEI Sources Activity: Fuel Consumption 1990 

Iron & Steel Sinter Plant Coke-breeze Other coke consumption, ISSB 
Iron & Steel Blast furnace gas Coke consumed in blast furnaces, ISSB, WO 

Coke oven gas Coal feed to coke ovens, ISSB, WS 
Coke Coke consumed in blast furnaces, ISSB, WO 
Fuel oil, gas oil, LPG, natural 
gas, coal 

Consumption of specified fuel, ISSB 

Other 
Industry 

Other Industry Burning oil, fuel oil, gas oil Sub-national oil consumption, DECC 
OPG All such plant are located in Scotland, DECC 
LPG Sub-national energy statistics, DECC 
Lubricants Sub-national energy data, DECC, less estimate of road transport use. 
Natural gas Natural gas consumed, data from Transco  
Colliery Methane Deep mined coal production, British Coal Authority 
Coal, coke Sub-national energy statistics, DECC 
Coke oven gas Coal feed to coke ovens, ISSB, WO, WS 
SSF Sub-national energy statistics, DECC 
Wood GDP data. 

Cement Coal, oil, gas, petrocoke, 
tyres, waste oil 

Regional cement capacity, BCA 

Ammonia 
(combustion) 

Natural Gas All such plant are located in England 

Autogenerators Coal All such plant are located in England 
Natural gas (Data sources exactly as per “Other Industry” above) 

Other-Industry: Off-
road 

Gas oil, petrol Industrial employment data (ONS) 

 
1 See Section 1.1.3 for abbreviations 
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Table A1.3b: Manufacturing Industry and Construction (1995; 1998 to 2009) 

 

IPCC 
Category 

NAEI Sources Activity: Fuel Consumption Data Sources / Comments 

Iron & Steel Sinter Plant Coke-breeze Other coke consumption, ISSB 
Iron & Steel Blast furnace gas Coke Consumed in blast furnaces, ISSB, WO 

Coke oven gas Coal feed to coke ovens, ISSB, WS 
Coke Coke consumed in blast Furnaces, ISSB, WO 
Fuel oil, gas oil, LPG, natural 
gas, coal 

Consumption of specified fuel, ISSB 

Other 
Industry 

Other Industry Burning oil, fuel oil, gas oil Sub-national oil consumption, DECC 
OPG All such plant are located in Scotland, DECC 
LPG Sub-national energy statistics, DECC 
Lubricants Sub-national energy data, DECC, less estimate of road transport use. 
Natural gas Natural gas consumed, data from Transco (now UK National Grid) & (since 

1995) from Phoenix Gas (NI). Sub-national energy statistics (DECC) and 
AEA point source data, analysed to minimise double-counting. 

Colliery Methane Deep mined coal production, British Coal Authority 
Coal, coke Sub-national energy statistics, DECC; Coal consumption, WO, NIO 
Coke oven gas Coal feed to coke ovens, ISSB, WO, WS 
SSF Sub-national energy statistics, DECC 
Wood GDP data. 

Cement Coal, oil, gas, petrocoke, 
tyres, waste oil 

Regional cement capacity, BCA; For 2002 onwards, based on emissions 
reported to the EUETS, PI, SPRI and ISR (EA, NIEA and SEPA). 

Ammonia 
(combustion) 

Natural Gas All such plant are located in England 

Autogenerators Coal All such plant are located in England 
Natural gas (Data sources exactly as per “Other Industry” above) 

Other-Industry: Off-
road 

Gas oil, petrol Industrial employment data. (ONS) 
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The DECC sub-national energy statistics are revised and improved each year through targeted sector 
research aimed at reducing uncertainties in the modelling approach, and are now National Statistics. 
Previously the regional fuel use in these sectors has been developed using a complex balance 
approach based on limited source data. The lack of consistent and comprehensive fuel use or fuel 
sales data from across the DAs (especially for solid and liquid fuels) leads to significant potential errors 
in the distribution of UK fuel use across the regions; data gaps and inconsistencies have previously 
been addressed by making “expert judgement” assumptions over the time series.  
 
The DECC sub-national energy statistics are therefore regarded as a more accurate indication of other 
industrial fuel use for recent years, and have been used to derive estimates for combustion of fuels 
such as fuel oil, gas oil and coal. These data are based predominantly on analysis of available point 
source data, supplemented by production and employment surveys. Several industry sectors are now 
100% covered under EUETS, such as the cement sector, and hence uncertainties in the DA GHGI 
estimates are much lower than previously for such sources. To supplement EUETS data, additional 
information from other pollution inventories (PI, SPRI, ISR) are used to improve the accuracy of the 
allocation of industrial combustion sources. To reduce the risk of double-counting emissions, the 
mapping of area sources has been revised to remove the proxy data (i.e. employment or production 
indices) associated with those major point sources that can be accurately allocated. In future it is 
hoped that gradually more of the point source data can be researched, assessed, allocated to a 
specific source and country, and that the uncertainty of the emissions data from this source sector can 
continue to be reduced. See Chapter 7 for an overview of recent research tasks. 
 
Note that the sub-national energy statistics have only been produced by DECC since 2003, and 
complete data (i.e. all fuels) are only available up to 2008, with gas and electricity data available up to 
2009 within the DECC publication Energy Trends December 2010. The sub-national data are used to 
extrapolate estimates back across the time-series (assuming UK trends across all DAs) in many 
instances where more detailed data for the earlier years is absent. Hence the emission estimates & 
trends from solid and liquid fuels within 1A2f “other industry” sources remain amongst the more 
uncertain estimates within the DA inventories, due to uncertainties from the modelling approach to 
derive the source activity data and the back-casting of emission estimates for the earlier years.  
 
Liquid Petroleum Gas (LPG) has a number of uses, primarily in sectors such as domestic use and the 
growing sector of LPG use in road transport applications. Industrial use of LPG has been 
disaggregated based on DECC sub-national energy statistics (DECC, 2010b) for recent years, 
maintaining the mass balance approach for the earlier years where complete data are available. 
 
The driver for emissions from lubricant use is based on regional lubricant sales (DECC, 2010a) with 
England and Wales being disaggregated based on regional manufacturing employment statistics 
(ONS, 2010a).  
 
DECC (2010c) provides data on natural gas sales to consumers categorised by consumer size and 
region in Great Britain, excluding consumption by large industrial users and power generators. 
Consumption data for gas use in Northern Ireland is supplied by Phoenix Natural Gas Ltd (2010) for 
1999 onwards, and Firmus Energy (2010). These data sources are used to assess the overall gas use 
data for each country. Note however, that the DECC data are incomplete due to issues of commercial 
confidentiality for several large gas using sites, and a series of assumptions are made to estimate the 
gas use at these “missing” sites. Furthermore, the local authority gas use estimates do not cover a 
calendar year and are weather-corrected and are therefore not directly consistent with the annual fuel 
use data by sector that are reported in DUKES, which are used to underpin the UK and DA GHG 
inventory emission estimates from gas combustion. The overall gas use data for each country are 
uncertain as a result of these scope and reporting limitations.   
 
The gas use within each economic sub-sector at country-level is then analysed based on the available 
data from the DECC sub-national energy statistics, supplemented by estimates of major point source 
gas use derived from analysis of the EUETS and pollution inventory emissions data. Similar to the 
approach adopted for gas oil, fuel oil and coal, the analysis of point source data enables greater direct 
allocation of gas use to industry or commercial sectors, reducing allocation uncertainties.  Note that the 
driver determined for “other industry” is also used for “autogenerators”. In Northern Ireland, 
supplementary information from gas suppliers provides a slightly more detailed breakdown of gas use 
by end-user sector, and this has been used to revise the allocations between industrial and commercial 
sectors across recent years.  
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Drivers for fuel consumption in cement kilns are based on annual regional clinker capacity data for 
1990, 1995, 1998-2001 supplied by the British Cement Association (BCA: 2004).  These are applied to 
all fuels, with a correction factor applied to Northern Ireland to account for the absence of natural gas.  
Where the UK estimate of fuel consumed in cement kilns has been revised for a given year, the 
regional consumptions have also been revised.  From 2002 onwards the emissions data reported to 
the PI, SPRI and ISR are used to disaggregate UK emissions (EA: 2010a, SEPA: 2010a, NIDoE: 
2010a), until 2008 where the EUETS Phase II reporting scope covers all UK cement kiln sites.  For 
2008 and 2009 therefore, the EUETS data are used to derive the DA estimates, in order that local fuel 
use patterns and emission factors are fully reflected within the DA inventory data, and to maintain 
consistency between the EUETS and DA GHGI.  
 
“Autogeneration” refers to electricity generation by industry for its own use.  In the case of coal, the key 
autogenerators are Alcan and Brunner Mond, both of which are located in England. Gas 
autogeneration is distributed according to the other natural gas “other industry” driver.  
 
 
1.4 TRANSPORT 

The drivers used for transport are summarised in Table A1.4. 
 
1.4.1 Aviation and Navigation 
 
The disaggregation of the domestic aviation emissions uses a database of aircraft movement data 
from the Civil Aviation Authority, also used in the compilation of the UK GHG inventory.  
 
The CAA database includes details of individual flights (airport origin, destination, fuel type, plane type, 
engine type), covering both domestic and international flights. Only domestic UK flights have been 
included in the DA GHG inventory data. Estimates of emissions from take off and landing cycles and 
aircraft cruise have been calculated. The protocol adopted for disaggregating emissions across DAs is 
to assign all emissions from a flight to the DA of flight origin.  
 
Changes in the DA GHGI estimates reflect changes made within the 2009 UK GHGI.  Here, flights 
between the UK and overseas territories have been included as domestic aviation. Previous 
inventories included flights from the UK to overseas territories as international aviation, recorded as a 
memo item.  Details of the aviation methodology can be found in the NIR. 
 
The driver for emissions from aircraft support vehicles is calculated based on aircraft movement data 
from the UK’s major airports (CAA, 2010).   
 
Emissions from navigation (coastal shipping and fishing) have been revised for all DAs as a 
consequence of a new methodology used in the UK inventory for estimating coastal and international 
shipping. The method is centred around a new procedure developed by Entec under contract to Defra 
for calculating fuel consumption and emissions from shipping activities around UK waters using a 
bottom-up procedure based on detailed shipping movement data for different vessel types, fuels and 
journeys (Entec, 2010). Previous emission estimates for coastal and international marine have been 
based on total deliveries of fuel oil, marine diesel oil and gas oil to marine bunkers and for national 
navigation given in national energy statistics (DUKES, 2010).  This has led to very erratic time series 
trends in fuel consumption and emissions which bears little resemblance to other activity statistics 
associated with shipping such as port movement data.  The total fuel delivery statistics given in 
DUKES (marine bunker plus national navigation) are believed to be an accurate representation of the 
amount of fuel made available for marine consumption, but there is more uncertainty in the ultimate 
distribution and use of the fuels for domestic and international shipping consumption. 
 
The overall approach can be summarised as follows: 

• Fuel consumption and emissions for domestic journeys are taken from the Entec study based 
on detailed movement data for 2007.  Entec provided an uplift to their bottom-up estimates to 
take account of missing vessel movements  
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• Fuel consumption and emissions for fishing vessels are taken from the Entec study and 
reported separately under 1A4ciii 

• Entec’s estimates for domestic shipping fuel consumption and emissions backcast to 1990 
and forecast to 2009 are used.  These are derived from applying trends in port movement data 
as proxies for changes in activities of different types of vessels. 

• A reconciliation with fuels data in DUKES is made whereby the difference between the sum of 
the currently reported fuel deliveries for marine bunkers and national navigation in DUKES 
(less fuel used for naval shipping) and the fuel consumption estimate for domestic shipping 
taken from Entec is assigned to international shipping. 

 
From the UK inventory for domestic navigation, the disaggregation of emissions between each 
constituent country is based on port movement data (DfT: 2010).  
 
[See Appendix 3 for estimates of the DA share of the UK emissions from international shipping and 
international aviation, which are not directly part of the UK GHGI but are reported as “memo items” in 
the UK submission to the UNFCCC.] 
 
1.4.2 Road Transportation 
 
Carbon dioxide, methane and nitrous oxide are emitted from the exhaust of all road vehicles with 
internal combustion engines. Carbon dioxide is the principal product of combustion and emissions are 
directly related to the fuel efficiency of the vehicle.  
 
Methane is a hydrocarbon emitted as a result of the incomplete combustion of the fuel.  Nitrous oxide 
is a by-product of the combustion process and emitted from partial oxidation of nitrogen present in the 
air. 
 
All these pollutants are emitted by different amounts from vehicles of similar size running on petrol and 
diesel fuel.  For example, diesel cars tend to be more fuel-efficient than petrol cars of a similar size, so 
their carbon emissions are lower.  None of these pollutants are subject to regulatory type-approval 
emission limits as are those which have an impact on air quality.  However, emissions of GHGs are 
affected by technologies introduced to reduce emissions of the regulated air quality pollutants.  
Methane emissions are lower from petrol vehicles fitted with a three-way catalyst, although the 
reduction in emissions of this pollutant by the catalyst is not as efficient as it is for other hydrocarbons.  
Measurements also suggest that a three-way catalyst, which is efficient at reducing NOx emissions, can 
actually increase emissions of nitrous oxide, formed as a by-product of the catalyst NOx reduction 
process, but evidence suggests that this is mainly a problem only for early generation catalyst cars. 
 
Disaggregation of UK emissions across the DAs is based on local data from road traffic surveys run by 
the UK Department for Transport and the Department for Regional Development in Northern Ireland.  
Vehicle kilometre figures for different vehicle types and road types are combined with fuel consumption 
or emission factors.  The vehicle kilometre data are also subject to uncertainty, but have shown a 
consistent growth in traffic across all the regions up to 2007.  Traffic levels decreased slightly between 
2007 and 2009, except for Northern Ireland.   
 
It is worth noting that the IPCC Reference Manual states that “the CORINAIR (programme), with a view 
to the input requirements of atmospheric dispersion models, applies the principle of territoriality 
(emission allocation according to fuel consumption) whereas the IPCC is bound to the principle of 
political responsibility (allocation according to fuel sale).  For the IPCC, countries with a big disparity 
between emissions from fuel sales and fuel consumption have the option of estimating true 
consumption and reporting the emissions from consumption and trade separately.” (IPCC, 1996).  
 
UK emissions of carbon dioxide from road transport are reported to IPCC on the basis of fuel sales.  
However, basing road transport emissions on fuel sales in each constituent country of the UK does not 
provide a representative picture of trends in road transport emissions at regional level, due to issues of 
cross-border fuel sales (especially between Northern Ireland – Republic of Ireland) and sales data 
accounting issues within the UK (e.g. “supermarket sales” in Scotland allocated to original point of sale 
in northern England). Estimates based on fuel consumption calculated from traffic data in each DA are 
therefore regarded as a more representative approach, and are consistent with the CORINAIR (now 
EMEP/EEA) guidance.  
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Table A1.4a: Transport (Base Year – 1990)1 

 

 
IPCC Category NAEI Sources Activity: Fuel Consumption 1990 

Civil Aviation Domestic cruise; 
Domestic Take-
off & Landing 

Aviation Gasoline, Jet 
Gasoline 

CAA database of flight information 
(CAA, 2009). 
 
Fuel consumption: Digest of UK Energy Statistics (1990) 
 

Road 
Transportation 

Road Transport Petrol, Diesel oil Road fuel sales, DECC; vehicle km, DfT 
 
Traffic data: National Traffic Census, DfT 
Dept of Regional Development (NI: 1990) 
 
Fuel consumption: Digest of UK Energy Statistics (1990) 

Railways Railways Gas oil Gas oil consumption back calculated from fuel data from ATOC/ORR using 
train km data from DfT 

Navigation Coastal shipping Gas oil, Fuel oil Back calculated from 2007 estimates by Entec based on detailed shipping 
movements.  Backcasting done from 2007 using trends in port movement 
data, DfT Maritime Statistics 
Fuel consumption: Digest of UK Energy Statistics (1990) 
 

Other Aircraft Support Gas oil Regional aircraft movements, DfT 
Fuel consumption: Digest of UK Energy Statistics (1990) 
 

 
See Section 1.1.3 for abbreviations 
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Table A1.4b: Transport (1995; 1998 to 2009)1 

 
IPCC Category NAEI Sources Activity: Fuel Consumption Data Sources / Comments 

Civil Aviation Domestic cruise; 
Domestic Take-
off & Landing 

Aviation Gasoline, Jet 
Gasoline 

CAA database of flight information 
(CAA, 2010) 
Fuel consumption: Digest of UK Energy Statistics (1990-2010) 
 

Road 
Transportation 

Road Transport Petrol, Diesel oil, LPG Vehicle km, DfT, NI DRD 
 
Emission factors: Boulter et al. (2009) COPERT 4 (EEA, 2007) 
 
Fuel efficiency: Road Freight Statistics, DfT (1990-2010) 
 
Composition of fleet: Vehicle Licensing Statistics Report, DfT (GB) 
Dept of Regional Development (NI). 
 
Traffic data: National Traffic Census, DfT  
(England, Scotland, Wales: 1990-2010) 
 
Dept of Regional Development (NI: 1990-1999), Traffic Census Report (NI: 
2000), Vehicle Kilometres of Travel Survey of Northern Ireland Annual 
Report (NI: 2001), Traffic and Travel Information, DRDNI  (NI: 2002- 2010) 
 
Fuel consumption: Digest of UK Energy Statistics (1990-2010),  
Welsh Office fuels data (WO, 1998) 

Railways Railways Gas oil Gas oil consumption back calculated from fuel data from ATOC/ORR using 
train km data from DfT. 
Gas oil consumption from Translink 
Fuel consumption: Digest of UK Energy Statistics (1990-2010) 

Navigation Coastal shipping Gas oil, Fuel oil Back calculated from 2007 estimates by Entec based on detailed shipping 
movements.  Backcasting and forewardcasting done from 2007 using trends 
in port movement data, DfT Maritime Statistics 
Fuel consumption: Digest of UK Energy Statistics (1990-2010) 

Other Aircraft Support Gas oil Regional aircraft movements, DfT 
Fuel consumption: Digest of UK Energy Statistics (1990-2009) 
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Total emissions from road transport in each region are calculated from the following information: 
 
• Emission factors for different types of vehicles.  In the case of carbon emissions, fuel consumption 

factors can be used because the mass of carbon emitted is proportional to the mass of fuel 
consumed.  Emission factors (g/km) and fuel consumption factors depend on the vehicle type and 
fuel type (petrol or diesel) and are influenced by the drive cycle or average speeds on the different 
types of roads; 

 
• Traffic activity, including distance and average speed travelled by each type of vehicle on each 

type of road;  
 
• Fleet composition in terms of the age of the fleet and the petrol/diesel mix.  The age of the fleet 

determines the proportion of vehicles manufactured in conformity with different exhaust emission 
regulations (which have been successively tightened over the past 30 years); and 

 
• One of the defining factors for the inventories is the proportion of petrol cars fitted with a three-way 

catalyst since this became mandatory for all new cars first registered in the UK from around August 
1992, in accordance with EC Directive 91/441/EEC.  The proportion of cars and vans running on 
diesel fuel is also an important factor.  The sensitivity to the age of the fleet will be much less for 
the 1990 inventory because there were very few cars then fitted with catalysts and the difference in 
emissions from cars made to the earlier emission standards was much smaller.  

 
There are a number of improvements made to the 2009 DA road transport inventory.  These followed 
on from the DA Stakeholders Meeting held last year (2010) and the recent improvement programme 
which assessed regional data to improve road transport emissions estimates (Pang et al., 2011).  The 
improvement programme comprises of two phases: Phase I was a scoping study which assessed the 
availability of regional data (e.g. vehicle fleet composition, speed and use of alternative fuels), and the 
likely impact on GHG emissions if adopting such information; Phase II was the actual implementation 
of the findings from Phase I, which also represents the changes made to the 2009 DA GHGI,  The DA 
Stakeholders Meeting promoted better communication with key statistics and policy leads within the 
DAs, which led to method improvement, more detailed analysis and understanding of the underlying 
statistics. The improvements that have been made are discussed further in the following sections. 
 
 
1.4.2.1 Emission factors 
 
All the emission factors were consistent with those used in the latest UK Greenhouse Gas Emissions 
Inventory (MacCarthy et al., 2011).  Nitrous oxide and methane emissions factors are unchanged and 
are the same as those used in the last DA GHG inventory compilation; they are taken from the 
COPERT 4 methodology (EEA, 2007) and emission factors developed by TRL on behalf of DfT 
(Boulter et al., 2009) respectively.  For methane, full emission factor-speed relationships were available 
for cars and LGVs, whereas for HGVs, buses and motorcycles only single averaged factors for urban, 
rural and motorway roads were available. 
 
The uncertainties in the CH4 and N2O factors can be expected to be quite large.  However, the relative 
differences between emission factors used for different technologies, Euro standards and fuels are 
likely to reflect realistic trends. 
 
Fuel consumption factors are also unchanged and are based on the fuel consumption-speed 
relationships for detailed categories of vehicles compiled by TRL on behalf of DfT.  They are used in 
conjunction with fleet-average fuel efficiency and vehicle CO2 factors from other sources. These 
include fuel efficiency factors for HGVs and buses from sources in DfT. Further details on fuel 
consumption factors for other vehicle types can be found in the UK GHGI report for 2009 (MacCarthy 
et al, 2011).   
 
Tables A1.4.1 to A1.4.3 show the fuel consumption and emission factors used for the inventory broken 
down by vehicle type, road type and emission standard which the vehicle was compliant with when 
manufactured and first registered. Tables A1.4.4 and A1.4.5 present the fleet-averaged fuel 
consumption factors for rigid and articulated HGVs, buses and coaches respectively from 1990-2009 
for urban, rural and motorway conditions.    For the other vehicle types and pollutants, CH4 and N2O, 
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where the original source of the factors provided them as speed-emission factor equations, emission 
factors are calculated at average speeds typical of the road types shown in the tables A1.4.1 to A1.4.3.  
The average speeds used were same as those used in the last DA inventory as described below. 
 
The emission factors shown in Tables A1.4.1-A1.4.3 refer to hot exhaust emissions that is the 
emissions occurring from the vehicle when the engine and catalyst are at their normal operating 
temperatures.  The excess emissions occurring when the vehicle is started with the engine and 
catalyst cold was taken into account for calculating N2O emissions from petrol cars and vans using the 
methodology given in COPERT 4 (EEA, 2007).  Details of the cold start method are given in  the latest 
UK Greenhouse Gas Emissions Inventory (MacCarthy et al., 2011), but essentially it uses mg/km “cold 
start” emission factors for each Euro standard in combination with the distances travelled with the 
vehicle not fully warmed up.  For the previous DA inventories, cold start distances are based on GB-
averaged trip length information (assumed to be the same in each DA region) and ambient 
temperature.  However, DA-specific data on trip lengths have been sought during Phase I of the recent 
improvement programme.  No significant difference in passenger car trip lengths were found for 
Scotland and Wales compared with the GB average currently assumed in inventories, but trip lengths 
are shorter in Northern Ireland and this information has been incorporated in the 2009 DA inventory.  
Data for estimating cold start effects on methane emissions are not available, but the effects are 
considered to be probably smaller and within the range of uncertainty in the hot exhaust methane 
emission factors.  
 
1.4.2.2 Age and composition of the fleet 
 
Regional licensing statistics for England, Wales and Scotland between 1994 and 2009 (DfT, 2010a) 
were interrogated during Phase I of the recent DA improvement programme (Pang et al., 2011).  The 
dataset were provided by DfT (hereafter referred to as DVLA data) from their Driver and Vehicle 
Licensing Agency database.  The analysis showed that there are some regional differences in the 
composition of fleet, including: 
 

• The proportion of diesel cars in the fleet is similar in England and Scotland, but is consistently 
slightly highly in Wales. 

• Scotland and Wales have a slightly higher proportion of smaller engine-size petrol cars 
compared with England and the GB average;  

• Scotland has a newer petrol car fleet than England and Wales, while Wales appears to have 
an older diesel car fleet than England and Scotland. 

• The van fleet in Scotland is newer then the GB average, while in Wales the van fleet is older 
 
Through Part II of the DA improvement programme, this DA-specific fleet data (petrol/diesel mix, age 
distribution, car size) for England, Scotland and Wales from the DVLA is introduced to the 2009 DA 
inventories for the first time.   
 
For Northern Ireland, the proportion of diesel cars is much higher and it also has a newer car fleet than 
the GB average and this has previously been accounted for in the Northern Ireland inventory.  The 
information is based on vehicle licensing statistics for private and light goods vehicles (PLG) in 
Northern Ireland Transport Statistics from the Central Statistics and Research Branch of the 
Department of Regional Development in Northern Ireland (DRDNI, 2010a). 
 
1.4.2.3 Traffic data 
 
The preferred indicators for road transport activity in emission inventories are traffic data in terms of 
vehicle kilometres travelled per year disaggregated by vehicle and road type. For the UK national 
inventory (the NAEI), vehicle kilometre data for the road network in Great Britain are provided by DfT 
for each vehicle type on roads classified as trunk, principal and minor roads in built-up areas (urban) 
and non-built-up areas (rural) and motorways (DfT, 2010b).  These estimates are based on traffic 
counts from the rotating census and core census surveys. 
A consistent time series of vehicle km data for 1993 to 2009 by road type and vehicle type for England, 
Wales and Scotland was made available by DfT for the first time (DfT, 2010c).  Vehicle km data for 
1993 was scaled to derive the 1990 values for England, Wales and Scotland, based on the GB trend 
between 1990 and 1993.   
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Vehicle kilometre data in Northern Ireland for different road classes and vehicle categories are 
available from the Traffic and Travel Information 2009: Vehicle Kilometres of Travel Annual Report 
produced for the Department for Regional Development (DRDNI, 2010b).  There have been revisions 
to vehicle km activity for cars, LGVs and rigid HGVs across the whole time series for Northern Ireland.  
This followed from clarification with Traffic Information and Control Centre at DRDNI on the vehicle 
classifications used in the traffic census report which are different to those used by DfT for the rest of 
the UK.  The vehicle km data provided by DRDNI are categorised into five groups, with the first and 
second categories as ‘Car and Vans’ and ‘Med Commercial’.  In the past, ‘Car and Vans’ vehicle km 
data were further split into cars and LGVs based on the Northern Ireland’s licensing statistics, while 
‘Med Commercial’ had been associated with rigid HGVs.  Through clarification with DRDNI, the van 
component of the ‘Car and Vans’ category is associated with car-sized vans, while ‘Med Commercial’ 
category is associated with medium goods van.  This means that LGVs and rigid vkm have been 
misallocated (and overestimated) in the past.  Therefore corrections have been made to the vehicle km 
allocation methodology.  Additional information was also provided by DRDNI which gave a better 
indication of the split between cars and vans in the vehicle kilometres figures and a better indication of 
the fuel split between petrol and diesel vehicles within the car and van vehicle kilometre data.    This 
information is based on more detailed licensing data according to vehicle body type and was provided 
for years 2002-2009 via direct communication with DRDNI (2010c); these figures are believed to give a 
more accurate picture of the car and van activity data in Northern Ireland for these years than 
previously used, but confirm the higher proportion of diesel cars in the Northern Ireland fleet compared 
with the car fleet in GB.    
 
During Phase I of the recent improvement programme, officials at each DA were initially contacted 
regarding availability of speed data in each DA region.  Responses from the DAs show that all DAs 
collect speed data based on traffic count data, surveys, moving car methods and traffic models. 
However, it was not possible within the timescales of Phase I improvement programme to obtain and 
analyse comparable vehicle speed data for each country to determine whether there were any 
statistically significant differences to average speeds assumed at GB level.  Further investigation would 
therefore be needed on the use of DA-specific speed data, subject to the priorities of the DAs.  The 
vehicle speed data used to calculate emission factors from the emission factor-speed relationships are 
the same as those used in the UK inventory compilation and applied to all previous years.  Average UK 
speed data for traffic in a number of different areas were taken from the following main sources: 
Transport Statistics Great Britain (DfT, 2008b) provided averages of speeds in Central, Inner and 
Outer London surveyed at different times of day during 1990 to 2007.  Speeds data from other DfT’s 
publications such as ‘Road Statistics 2007: Traffic, Speeds and Congestion’ (DfT, 2008c) and 2008 
national road traffic and speed forecasts (DfT, 2008d) were used to define speeds in other urban 
areas, rural roads and motorways. Where new information is not available, previous NAEI assumptions 
were maintained or road speed limits used for the vehicles expected to observe these on the type of 
road concerned. 
 
1.4.2.4  Estimation of Emissions of Methane and Nitrous Oxide  
 
Emissions of CH4 and N2O from road transport in the regions are calculated by combining 
the vehicle emission factors, fleet composition data and vehicle kilometre data for the 
different vehicle, fuel and road types.  The emissions from petrol and diesel vehicles in each 
DA are normalised so that the totals across all DAs equal the UK emissions calculated for 
the pollutant and fuel type. 
 
1.4.2.5 Estimation of Road Transport Carbon Dioxide Emissions 
 
Road transport has been a very significant and growing source of CO2 across all of the constituent 
countries of the UK.  
 
For the purposes of the UK’s reporting to the UNFCCC on greenhouse gas emissions under the Kyoto 
Protocol, the UK is required to use estimation and reporting methodologies that comply with IPCC 
guidance.  The recommended methodology for estimation of CO2 emissions from road transport 
sources applies the principle of political responsibility for emissions, whereby fuel sales data are used 
as the basis for the estimates.  In this way, across a group of countries such as the Member States of 
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the EU, there is no risk of double-counting road transport CO2 emissions due to the use of different 
estimation methodologies1. 
 
Therefore, for the purposes of reporting to the UNFCCC and the determination of progress towards 
Kyoto Protocol emission reduction targets, the UK uses fuel sales data as the basis for CO2 emission 
estimates from road transport in the National Inventory Report.  However, for the purposes of 
compiling the Devolved Administration GHG inventories, the use of regional fuel sales data is 
problematic due to a couple of key issues: 
 

• Cross-border fuel sales - This factor is especially evident in Northern Ireland, where the price 
differential between fuel in the UK and the Republic of Ireland may have encouraged purchase 
of fuel from outside of the UK (BERR: Personal Communication, 2004); and 

 
• Supermarket fuel sales - Where a supermarket chain purchases its fuel from storage 

facilities in England and then sells the fuel in other parts of the UK, the emissions from that fuel 
sold will be incorrectly attributed to England.  Although this is known to be a potential source of 
inconsistency in the reporting of regional fuel sales from supermarkets, it is also likely to be 
evident across other economic sectors too (BERR: Personal Communication, 2004). 

 
Adopting the IPCC estimation method of using fuel sales data in each DA produces CO2 emission 
trends from road transport in Northern Ireland and Scotland that buck the UK trend of increasing 
emissions with time, contrary to vehicle kilometre data that is collected across the UK. 
 

                                                 
1 Note that the UK methodology for estimating emissions of methane and nitrous oxide from road 
transport sources is based on vehicle kilometre data, in accordance with IPCC guidance. 
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Table A1.4.1: Fuel Consumption Factors for Road Transport (in g fuel/km) 
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Table A1.4.2:  Methane Emission Factors for Road Transport (in mg/km) 
 
mg CH4/km Urban Rural Motorway

Petrol cars Pre-Euro 1 73.0 21.8 57.7

Euro 1 15.0 5.2 20.9

Euro 2 15.8 9.6 9.7

Euro 3 5.0 4.1 7.2

Euro 4 1.3 1.0 1.8

Diesel cars Pre-Euro 1 12.3 10.2 10.0

Euro 1 6.1 6.3 6.2

Euro 2 2.9 1.7 1.2

Euro 3 1.4 1.1 1.1

Euro 4 1.0 0.8 0.7

Petrol LGVs Pre-Euro 1 73.0 21.8 57.7

Euro 1 15.0 5.2 20.9

Euro 2 15.8 9.6 9.7

Euro 3 5.0 4.1 7.2

Euro 4 1.3 1.0 1.8

Diesel LGV Pre-Euro 1 11.8 4.0 22.0

Euro 1 6.7 1.7 5.8

Euro 2 2.9 1.7 1.2

Euro 3 2.2 0.6 1.0

Euro 4 1.5 0.4 0.7

Rigid HGVs Pre-Euro I 185.5 50.2 43.6

Euro I 85.0 23.0 20.0

Euro II 54.4 20.0 18.6

Euro III 47.6 21.4 18.2

Euro IV 2.6 1.6 1.2

Euro V 2.3 1.4 1.1

Artic HGVs Pre-Euro I 381.8 174.5 152.7

Euro I 175.0 80.0 70.0

Euro II 112.0 69.6 65.1

Euro III 98.0 74.4 63.7

Euro IV 5.3 5.6 4.2

Euro V 4.7 5.0 3.8

Buses & coaches Pre-Euro I 381.8 174.5 152.7

Euro I 175.0 80.0 70.0

Euro II 113.8 52.0 45.5

Euro III 103.3 47.2 41.3

Euro IV 5.3 5.6 4.2

Euro V 4.7 5.0 3.8

Mopeds, <50cc, 2st Pre-Euro 1 219.0

Euro 1 43.8

Euro 2 24.1

Euro 3 19.7

Motorcycles, >50cc, 2st Pre-Euro 1 150.0 150.0

Euro 1 99.0 106.5

Euro 2 30.0 31.5

Euro 3 12.0 13.5

Motorcycles, >50cc, 4st Pre-Euro 1 200.0 200.0 200.0

Euro 1 127.9 138.6 148.7

Euro 2 126.7 93.1 107.1

Euro 3 76.2 32.6 31.8
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Table A1.4.3: N2O Emission Factors for Road Transport (in mg/km) 
 
mg/km Standard Urban Rural Motorway

Petrol cars Pre-Euro 1 10.0 6.5 6.5
Euro 1 21.3 13.8 6.9
Euro 2 10.7 3.4 1.8
Euro 3 1.4 0.6 0.5
Euro 4 1.8 0.6 0.5

Diesel cars Pre-Euro 1 0 0 0
Euro 1 2 4 4
Euro 2 4 6 6
Euro 3 9 4 4
Euro 4 9 4 4

Petrol LGVs Pre-Euro 1 10.0 6.5 6.5
Euro 1 22.0 13.8 6.9
Euro 2 16.3 9.3 5.8
Euro 3 10.5 4.6 4.6
Euro 4 0.8 1.3 1.3

Diesel LGV Pre-Euro 1 0 0 0
Euro 1 2 4 4
Euro 2 4 6 6
Euro 3 9 4 4
Euro 4 9 4 4

Rigid HGVs Pre-1988 30 30 30
88/77/EEC 30 30 30
Euro I 30 30 30
Euro II 30 30 30
Euro III 30 30 30
Euro IV 30 30 30

Artic HGVs Pre-1988 30 30 30
88/77/EEC 30 30 30
Euro I 30 30 30
Euro II 30 30 30
Euro III 30 30 30
Euro IV 30 30 30

Buses Pre-1988 30 30 30
88/77/EEC 30 30 30
Euro I 30 30 30
Euro II 30 30 30
Euro III 30 30 30
Euro IV 30 30 30

Mopeds, <50cc, 2st Pre-Euro 1 1
Euro 1 1
Euro 2 1
Euro 3 1

Motorcycles, >50cc, 2st Pre-Euro 1 2 2
Euro 1 2 2
Euro 2 2 2
Euro 3 2 2

Motorcycles, >50cc, 4st Pre-Euro 1 2 2 2
Euro 1 2 2 2
Euro 2 2 2 2
Euro 3 2 2 2  
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Table A1.4.4: Fuel Consumption Factors for HGVs (in g fuel/km) 
 
g fuel/km Rigid HGVs Artic HGVs 
  urban rural m-way urban rural m-way 

1990 271 220 228 437 337 344 

1991 275 224 231 436 335 343 

1992 275 224 232 432 333 341 

1993 266 216 223 411 316 323 

1994 258 210 218 404 311 318 

1995 262 215 222 394 304 311 

1996 257 212 219 387 299 306 

1997 255 211 218 386 299 306 

1998 244 203 210 369 287 293 

1999 249 208 216 369 287 293 

2000 247 208 215 368 287 294 

2001 257 217 225 373 292 298 

2002 250 212 219 371 290 296 

2003 259 220 227 376 293 300 

2004 250 212 219 363 283 289 

2005 245 209 216 358 279 286 

2006 252 214 221 361 281 287 

2007 260 221 228 367 286 293 

2008 271 230 237 382 297 304 

2009 271 229 237 383 297 304 
 

Table A1.4.5: Average fuel consumption factors for buses and coaches (in g fuel/km) in the 
fleet based on DfT’s BSOG data 

 
g fuel/km Urban Rural Motorway 

1990 305 190 216 
1991 305 190 216 
1992 305 190 216 
1993 304 190 216 
1994 300 188 214 
1995 296 185 212 
1996 290 182 209 
1997 289 182 210 
1998 289 183 212 
1999 300 191 222 
2000 313 200 234 
2001 314 201 236 
2002 327 210 247 
2003 342 220 259 
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g fuel/km Urban Rural Motorway 
2004 355 228 269 
2005 370 237 280 
2006 356 228 269 
2007 350 224 264 
2008 379 242 286 
2009 379 242 286 

 
 

In recent years AEA has moved away from using regional fuel sales data and instead has either 
directly used regional vehicle km data to estimate road transport carbon dioxide emissions in each DA 
or has used regional vehicle km data as a means to proportion the total UK road transport carbon 
dioxide emissions between each DA region.  This is believed to provide a more representative 
assessment of transport emission trends of carbon dioxide within the constituent countries of the UK.  
The two methods for calculating carbon dioxide emissions based on regional vehicle km data are 
described in the following sections. 
 
Disaggregation of UK Carbon Dioxide Emissions by DA: Constrained Method: 
In this method the sum of the DA inventories for carbon dioxide are constrained to meeting the total of 
the UK inventory for road transport which for carbon dioxide is derived from UK fuel sales data for 
petrol and DERV from DECC.  The vehicle km data for each region are used to provide an estimated 
allocation of the total UK road transport emissions across the constituent countries.  In constraining to 
sum to the national totals, this approach is consistent with that adopted across every other source 
sector in the DA GHG inventories. 
 
However, the criticism of this method is that the presentation of results does not always provide a 
carbon dioxide emission trend for the DAs that is directly consistent with the vehicle kilometre trend 
data, as the fluctuations in UK fuel data (from DECC) have a more significant impact on the resultant 
emission trends.  

 
Direct Calculation of DA Emissions: Unconstrained Method: 
In this method, carbon dioxide emissions from constituent countries are derived directly from the 
regional vehicle km data and are not constrained to the UK totals based on national fuel consumption 
data.  This method removes any year to year fluctuations caused by the normalisation process and 
enables the emission trends to mirror the smooth trends in vehicle km.  
 
The difference in results between the constrained and unconstrained methods at DA level largely 
reflects the difference in the results at UK level between bottom-up calculated fuel consumption using 
vehicle km data and fuel consumption factors and the fuel sales data in DUKES.  The reason for a 
disparity has previously been attributed to cross-border fuel sales (“fuel tourism”) although model 
uncertainty was always emphasised as an additional, and probably a major explanation for the 
differences. 
 
Any change in the methodologies or the factors used to calculate fuel consumption will affect the 
magnitude of the difference between calculated fuel consumption at national level and sales figures 
from DUKES and so, in turn, it will affect the disparity between the DA carbon dioxide emissions from 
the constrained and unconstrained approaches.  The disparity has been changed across the 1990 – 
2009 time series.  At UK level, the calculated petrol consumption in 1990 is 0.1% higher than petrol 
sales; in 2009, it is 4% lower. Calculated diesel consumption in 1990 is 2% lower than diesel sales; in 
2009, it is 3% higher. 
 
The trend in road transport carbon dioxide emissions for each DA and the UK calculated by the 
constrained and unconstrained methods across the time series is shown in Table A1.4.6 and Figure 
A1.4.1.  Note that in the table, figures labelled “vkm” refer to the unconstrained method; figures 
labelled “Fuel sales” refer to the constrained method. 
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Further details on the fuel consumption vs. fuel sales reconciliation issue and normalisation procedure 
applied at UK level are given in MacCarthy et al., 2011. 
 
Note that emissions of methane and nitrous oxide both at UK level and for the DAs are calculated 
directly from vehicle km data and emission factors, with no normalisation to fuel sales data involved. 
 
 
Table A1.4.6: Comparison between methods of Carbon Dioxide emissions for each DA 
(kt CO2)2.  Vkm refer to the unconstrained method.  Fuel sales refer to the constrained 
method 
 
Methodology vkm Fuel Sales Vkm Fuel Sales vkm Fuel Sales vkm Fuel Sales vkm Fuel Sales

DA

1990 90,786      91,393    8,948          9,011          5,459         5,492         2,943         2,957         108,136      108,854      
1995 92,393      92,556    9,025          9,051          5,519         5,521         3,173         3,171         110,110      110,299      
1998 96,230      96,748    9,354          9,406          5,725         5,753         3,334         3,349         114,643      115,256      
1999 97,578      97,505    9,454          9,441          5,761         5,761         3,470         3,470         116,264      116,176      
2000 97,221      96,806    9,361          9,311          5,701         5,687         3,573         3,563         115,856      115,368      
2001 98,145      96,723    9,407          9,264          5,735         5,671         3,635         3,592         116,922      115,249      
2002 98,806      98,498    9,550          9,514          5,836         5,833         3,762         3,742         117,954      117,588      
2003 99,238      97,977    9,687          9,552          5,877         5,829         3,977         3,902         118,779      117,260      
2004 99,581      98,957    9,700          9,623          5,946         5,932         3,933         3,895         119,160      118,407      
2005 98,461      99,382    9,621          9,692          5,875         5,937         3,921         3,940         117,878      118,951      
2006 98,793      99,503    9,827          9,879          5,939         5,991         3,945         3,957         118,504      119,329      
2007 99,022      100,314   9,932          10,041        5,984         6,066         4,014         4,048         118,952      120,469      
2008 96,870      96,662    9,804          9,754          5,886         5,890         3,923         3,898         116,483      116,204      
2009 92,731      92,776    9,415          9,389          5,623         5,639         3,871         3,856         111,640      111,659      

England Scotland Wales Northern Ireland UK

 
 
 
1.4.2.6 : Disaggregation of Emissions from LPG fuel Use 
All emissions from LPG-fuelled vehicles are disaggregated based on the supply infrastructure that has 
developed in recent years to provide for this relatively new market. Information on LPG fuel supply 
stations was obtained from the Energy Saving Trust website, and the number of stations per DA has 
been used as an activity parameter to distribute UK-based emission figures for LPG consumption 
across each DA.   It is hoped that in future years, actual LPG sales data by DA may become available 
to provide a more accurate methodology, though it should be noted that consumption of LPG as a 
transport fuel is still very small in comparison with consumption of petrol and diesel and has been 
declining from levels reached in 2006. 
 
Emissions of methane and nitrous oxide from LPG consumption have been calculated for the first time 
based on an estimate of the number of vehicles and distances travelled using this fuel.  This 
improvement applied to all DAs. 
 
 

                                                 
2 The totals in this table include emissions from Diesel and Petrol use, but do not include the small 
emissions from LPG and lubricants.  These figures are therefore not directly comparable with the 
road transport emissions presented in Appendix 2, which include emissions from all fuel use. 
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1.4.2.7 Trends in GHG Emissions from Road Transport 
Table A1.4.7 below sets out the carbon dioxide and GHG emissions from 1990 to the latest inventory 
year (2009) from the two methods of estimating road transport emissions of carbon dioxide. 
 
Table A1.4.7: Emissions of GHGs from UK road transport, according to fuel type and 
percentage changes from 1990 to the latest inventory year (kt CO2 equivalent). 
 

Calculation 
method GHG Fuel used 1990 2009 

Percentage 
change 1990-

2009 

Constrained 

Carbon 
LPG - 316.04  

Petrol and DERV 108,853.53 111,659.21  

Lubricants 262.77 121.25  

CH4 
LPG - 0.81  

Petrol and DERV 627.83 87.43  

N2O 
LPG - 2.77  

Petrol and DERV 1,170.04 966.55  
 Sum 110,914.16 113,154.07 2.02% 

Calculation 
method GHG Fuel used 1990 2009 

Percentage 
change 1990-

2009 

Unconstrained 

Carbon 
LPG - 316.04  

Petrol and DERV 108,135.90 111,640.48  

Lubricants 262.77 121.25  

CH4 
LPG - 0.81  

Petrol and DERV 627.83 87.43  

N2O 
LPG - 2.77  

Petrol and DERV 1,170.04 966.55  
 Sum 110,196.54 113,135.33 2.67% 

 
The emissions of methane and nitrous oxide are estimated using vkm data in both of the calculation 
methods, and the total emissions of these GHGs from the two methods are identical.  Carbon 
emissions of LPG and lubricants burnt in engines are very small relative to emissions from the 
combustion of petrol and DERV.  For convenience, the emissions from LPG and lubricants have not 
been constrained to fuel sales, and, have been assumed equal in magnitude in both calculation 
methods in the comparison above.  The emissions are quoted to 0.01 kt purely for convenience, to 
avoid the risk of rounding errors.  The number of decimal places used should not be taken as 
indicative of the accuracy of the estimates. 
 
1.4.3 Railways 
Emissions from railway locomotives in Great Britain are disaggregated based on diesel oil consumption 
data supplied by the Association of Train Operating Companies (ATOC) and the Office of Rail 
Regulation (ORR).  Fuel consumption was estimated for Intercity and regional rail movements on the 
basis of reported train kilometres travelled and adjusted to align with the ORR estimates of fuel 
consumption.  As no data from ATOC/ORR were available for 2009, fuel consumption was estimated 
on the basis of trends in train km from 2008.  Fuel consumption for rail freight was also estimated from 
train km data and adjusted to align with ORR estimates of fuel consumption for the rail freight sector.  
Again, no data from ATOC/ORR were available for rail freight in 2009, so fuel consumption was 
estimated on the basis of trends in tonne km from 2008.  Alignment with data provided by ORR 
marked an improvement in the methodology and the change was reflected across the time series. 
 
The data from ATOC includes fuel use data for each passenger railway company whose area of 
operation can in most cases be allocated to one of England, Wales and Scotland.  Emissions from 
railways in Northern Ireland are based on fuel consumption data supplied by Translink . There are no 
rail freight activities in Northern Ireland. 
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Figure A1.4.1: Road transport CO2 emission trends 1990-2009 calculated by constrained and unconstrained methodologies  
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1.5 OTHER SECTORS 

1.5.1 Commercial & Institutional 
Emissions estimates for the source categories “public administration” and “miscellaneous and 
commercial” have previously been based on regional proxy activity data including GVA (as a broad 
indicator of economic activity across the DAs) or regional employment statistics. Similar to the source 
categories for small-scale industry and the domestic sector, there is very little detailed solid or liquid 
fuel use data for these sectors and hence the estimates are subject to greater uncertainty than well-
documented sectors (i.e. energy-intensive industries).  
 
The DECC sub-national energy statistics (DECC, 2010b), provide estimates of fuel use by Local 
Authority for each of these sectors, split by solid fuel types and “oil”. These data are estimates that are 
based on (i) local electricity and gas meter data, and (ii) modelled estimates of the distribution of solid 
and liquid fuels using proxy data, concessionary coal data and information on smoke control zones. 
The estimation methodology has been developed for the latest inventory cycle and now follows a 
similar method to that described for other industrial combustion (see section 1.3.2). For gas oil, coal 
and gas, the available point source emissions data and fuel use data from EUETS and the pollution 
inventories have been analysed to allocate emissions to the DAs. The remaining emissions are 
allocated to the DAs using the energy modelling approach consistent with the DECC sub-national 
energy statistics. 
 
National gas sales data for the commercial sector were previously reported by DTI (1992), but for later 
years (1995 to date) UK National Grid has provided data for regional gas use in the 73-732 MWh 
range. The UK National Grid source provides the closest data available for commercial and institutional 
consumers, but the total is lower than UK data reported by DECC (2010a). This data is used to 
distribute miscellaneous and public service gas use in GB.  
 
Natural gas use data for Northern Ireland are supplied by Phoenix Gas for 1999 onwards (Phoenix 
Gas, 2010), with a new supplier, Firmus Energy, also providing sales data for 2005 onwards (Firmus 
Energy, 2010). The commercial consumption is used as an estimate for Northern Ireland 
miscellaneous and public service gas consumption. A more detailed split of gas use across the 
domestic, commercial and industrial sectors in Northern Ireland in recent years has been provided by 
Phoenix Gas, and expert judgement has been used to estimate the overall allocation of gas use to 
these sectors from the total gas sales data for Northern Ireland.   
 
Consultation with DFPNI has led to the provision of detailed new energy data from public sector energy 
reports from 2002 to 2009, covering all fuels (including electricity) used in public sector buildings in 
Northern Ireland. The Public Sector Energy Campaign (PSEC) data have been used to replace 
previous estimates of fuel use in that sector, for most (but not all) fuels. The data scope covers building 
energy use and is a close match to the DUKES category description, and therefore the data have been 
used directly to inform gas and solid fuel use within the public sector in Northern Ireland. The reported 
gas oil use in the PSEC report is significantly higher than that currently reported for the UK as a whole; 
in the UK GHGI programme, the limited data on gas oil has been identified as problematic and these 
data from PSEC should now also be taken into consideration to help inform future gas oil allocations to 
the public sector, In the current NI inventory, therefore, there is a small under-report in public sector 
emissions due to this discrepancy. However, for other fuels the use of the PSEC data provides a more 
accurate estimate of sector emissions and trends.  
 
Stationary combustion by the railway sector is classified as a commercial source. Consumption of 
burning oil, fuel oil, and coke is relatively insignificant, and has therefore been allocated according to 
the diesel oil driver used for locomotives.  Natural gas consumption for electricity generation refers to 
the London Underground (Lotts Road power station – closed in 2001). 
 
DECC (2010a) reports a small amount of solid waste (municipal, industrial & hospital) consumption for 
energy production in the commercial and miscellaneous sectors.  Little is known about the distribution 
of these installations, but the emissions have been distributed using the split derived for MSW 
incinerators.
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Table A1.5a: Other Sectors (Base Year – 1990)1 

 

IPCC Category NAEI Sources Activity: Fuel 
Consumption 

1990 

Commercial & 
Institutional 

Miscellaneous, Public 
service 

Coal DECC Sub-national energy statistics 
SSF DECC Sub-national energy statistics 
Natural gas Commercial Sales, DECC.  
Landfill gas Landfill methane emissions 
Sewage gas Sewage methane recovered 
fuel oil, gas oil DECC Sub-national energy statistics 
MSW As MSW incinerators 
Burning oil DECC Sub-national energy statistics 

Railways 
(Stationary) 

fuel oil, burning oil, coal Sub-national oil consumption, DECC 
Natural gas Assumed as all England 

Residential Domestic Wood Domestic wood mapping grid 
Peat Domestic peat consumption data, CEH 
SSF, coke, LPG Sub-national energy statistics (SSF), DECC & 

 Housing Condition Survey data, NI HECA, census data 
Natural gas Domestic Gas data, DECC 
Burning oil, gas oil,  Sub-national energy statistics (oil), DECC &  

Housing Condition Survey data, NI HECA, census data 
Coal, anthracite Sub-national energy statistics (coal, anthracite), DECC & 

 Housing Condition Survey data, NI HECA, census data 
Fuel oil Regional population, ONS 

House & Garden DERV, petrol Regional dwellings, ONS 
Agriculture, 
Forestry & 
Fishing 

Agriculture – stationary 
combustion 

coal, coke, natural gas Agricultural employment, MAFF 
burning oil, gas oil, fuel oil DECC Sub-national energy statistics 
straw Wheat production, MAFF 

Agricultural mobile 
machinery 

Gas oil, petrol Agricultural off-road mapping grid 

 
1  See Section 1.1.3 for abbreviations 
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Table A1.5b: Other Sectors (1995; 1998 to 2009) 

 

IPCC Category NAEI Sources Activity: Fuel Consumption Data Sources / Comments 

Commercial & 
Institutional 

Miscellaneous, 
Public service 

Coal DECC Sub-national energy statistics, analysis of point source data and energy 
modelling data, including EUETS data and PI/SPRI/ISR data. 
Northern Ireland Public Sector Energy Campaign data (DFPNI, 2010) 

SSF DECC Sub-national energy statistics 
Natural gas Natural gas consumed, Transco (now UK National Grid), Phoenix, Firmus, 

PSEC data (DFPNI, 2010) 
Landfill gas Landfill methane emissions 
Sewage gas Sewage methane recovered 
fuel oil, gas oil DECC Sub-national energy statistics, analysis of point source data and energy 

modelling data, including EUETS data and PI/SPRI/ISR data, PSEC data 
(DFPNI, 2010) 

MSW As MSW incinerators 
Burning oil DECC Sub-national energy statistics, PSEC data (DFPNI, 2010) 

Railways 
(Stationary) 

fuel oil, burning oil, coal Regional gas oil consumption, Network Rail (GB) and Translink (NI) 
Natural gas Assumed as all England 

Residential Domestic Wood Domestic wood mapping grid 
Peat Domestic peat consumption data, CEH 
SSF, coke, LPG Sub-national energy statistics (SSF), DECC, 2009 mapping grid, using Housing 

Condition Survey data, NI HECA, DEMScot model, census data 
Natural gas Domestic Gas sub-national split for GB from DECC, Transco & UK gas network 

operators, Data from Phoenix Gas and Firmus Energy (NI) 
Burning oil, gas oil,  Sub-national energy statistics (oil) from DECC, 2009 mapping grid using  

Housing Condition Survey data, NI HECA, DEMScot model, census data 
Coal, anthracite Sub-national energy statistics (coal, anthracite), DECC, 2009 mapping grid 

using Housing Condition Survey data, NI HECA, DEMScot model, census data 
Fuel oil Regional population, ONS 

House & Garden DERV, petrol Regional dwellings, ONS 
Agriculture, 
Forestry & 
Fishing 

Agriculture – 
stationary 
combustion 

coal, coke, natural gas Agricultural employment, MAFF/Defra 
burning oil, gas oil, fuel oil DECC Sub-national energy statistics 
straw Wheat production, MAFF/Defra 

Agricultural mobile 
machinery 

Gas oil, petrol Agricultural off-road mapping grid 
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1.5.2 Residential 
 
The emission estimates for the residential combustion of fuels within the DAs has been revised within 
the latest inventory cycle. At UK level, activity data have been revised across the time series for peat 
use and petcoke use in the residential sector (MacCarthy, 2011), with small revisions to natural gas 
activity data in recent years.  
 
In addition to the UK changes, the AEA emissions mapping team have updated the domestic sector 
emission maps to include new census data and more detailed housing data for Northern Ireland, 
integrating further improvements following the revisions to GB domestic sector estimates in the 1990-
2008 cycle. Therefore, the domestic DA fuel allocations are not fully consistent with the DECC sub-
national energy statistics published in December 2010, as the revisions to mapping grids has occurred 
since that publication.  
 
The new data on peat use in the domestic sector, provided following research by CEH, greatly reduces 
the estimates for peat use in the domestic sector, especially in Northern Ireland. The maps and CEH 
peat data only provide snapshots of analysis for the latest year and where large revisions to previous 
data are evident, the DA inventory compilation must consider the impacts on time-series consistency 
for the sector as a whole. In order to enable a sector-wide quality check on the time-series data for the 
sector, estimates of the energy allocations in the sector across all fuels were derived (including 
estimated electricity use in each DA in the domestic sector).  
 
Using the time series of population data, the energy use estimates per capita were calculated, in order 
to review the relative energy intensity per head across the time series for each DA. This is a quality 
check of limited usefulness given the variability in housing stock, fuel availability (e.g. on gas grid or 
not) climatic considerations and inter-annual variations of factors such as fuel price and average 
temperature which will all affect the local energy use in the sector. Nevertheless, the quality check led 
to some small revisions in the DA trends, but more work is recommended to further develop the 
domestic sector dataset for each of the DAs, as this is a sector where DA policy levers can have a 
large impact and currently the evidence base for the energy use in the sector is uncertain.  
 
 
The domestic sector emission estimates have been extrapolated back from recent mapping grid 
estimates, drawing on data on primary fuels used in the sector from Housing Condition Surveys in 
1996, 2001 and 2006 (HECA NI, 2008), which provide a summary of fuel-switching trends away from 
solid fuels due to the development of the gas network and use of burning oil in Northern Ireland since 
the late 1990s. This approach is used for coal, anthracite, gas oil and burning oil. The Scottish Housing 
Condition Survey, census data and DEMScot model have been considered within new domestic sector 
energy mapping work for 2009, which also considered more recent (2009) housing post-code level 
data for Great Britain, retaining some assumptions on the DA share of housing types from the 2001 
census. (Personal Communication: Tsagatakis, 2010) 
 
Domestic natural gas consumption data is estimated for GB using the split presented in the DECC sub-
national energy statistics for 2005 onwards (DECC, 2010a) whilst data for earlier years draws upon 
regional data obtained from Transco and other GB gas supply network operators. Domestic gas use in 
Northern Ireland is based on data from Phoenix Gas (2010) and Firmus Energy (2010). However, the 
accuracy of the DA domestic gas use estimates is subject to uncertainty, as gas companies use scale 
of annual consumption to allocate users to the domestic sector, which implies that small-scale 
commercial users will also be reported in the domestic sector. Furthermore, the sub-national energy 
statistics are based on meter point data that are weather-corrected and cover the “gas year” (January 
to January) rather than the calendar year. 
 
The consumption of fuel oil by the domestic sector is a very small amount, and is distributed simply 
according to population (ONS, 2010a). Domestic use of wood is estimated across the time-series 
using the latest mapping grid information on wood use (NAEI mapping, 2011). Domestic peat use 
estimates by DA are provided by the Centre for Ecology & Hydrology (Personal Communication: 
Thomson, 2010). 
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1.5.3 Agriculture, Forestry & Fisheries 
Emissions from solid fuel use in the agriculture sector are not very significant, whilst regional gas use 
data in this sector are not available, and hence emissions from these sources are allocated on the 
basis of regional employment figures from DEFRA (2010a).  
 
Work by AEA (NAEI, 2008) to derive a more detailed split of regional off-road fuel use (i.e. mainly gas 
oil use in tractors and other mobile machinery) has utilised research to determine the regional 
distribution of different land uses and farm types (pasture, arable, forestry). These data have been 
combined with data on the intensity of mobile machinery use by farm type (tractor hours per hectare of 
arable land, tractor hours per head of livestock), to derive an agricultural off-road mapping grid to 
estimate geographical distribution of fuel use in the sector. These data have been used to estimate DA 
GHG emissions from agricultural mobile machinery. 
 
1.6 MILITARY 

Emissions from military aircraft and naval vessels are allocated across the DAs based on regional GVA 
data (ONS, 2010a).  Army vehicle emissions are included within road transport data and other army 
emissions are included within public service categories but are not clearly defined. 
 
1.7 FUGITIVE EMISSIONS FROM FUELS 

1.7.1 Coal Mining 
Methane emissions arise from coal mining activities. Emissions from operating mines are estimated 
based on the amounts of deep mined and open cast coal produced.  DA inventory estimates are based 
on regional coal production derived from a number of sources: Coal Authority (2010), BGS (2010), WO 
(1998), SO (1999), BERR (1996).  A small emission occurs from coal storage and transport, which is 
based on deep mined coal production.  Data suggests that only small amounts of coal are transported 
outside of the region of production and no attempt has been made to allow for this. Hence coal storage 
and transport emissions are distributed according to deep-mined production (Coal Authority, 2010).   
 
 
Methane emissions from abandoned coal mines have been updated in a recent research undertaken 
by WSP (2011) on behalf of DECC.  As a result, DA emission allocations from this source have been 
revised across the time series.  The report of this research can be found at: 
 
http://uk-air.defra.gov.uk/reports/cat07/1107080945_1775-ghg-improvement-project-wsp-report.pdf 
 
 
1.7.2 Solid Fuel Transformation 
For coke ovens, three fugitive emissions are estimated: 
 
1. A ‘residual’ emission of CO2 which reflects the difference between the carbon input to the coke oven 

and the carbon content of the coke and coke-oven gas produced. 
2. Emissions from the flaring of coke-oven gas. 
3. Emissions of methane from the process. 
 
These are disaggregated based on the regional consumption of coking coal discussed in Section 1.2.3. 
For solid smokeless fuel (SSF) plant, the only fugitive emissions estimated are the ‘residual’ CO2 
emission and some process methane.  The driver used is that for regional consumption of coal by SSF 
plant (see Section 1.2.3).  It is known that some petroleum coke is used in SSF production but the 
amount is uncertain.  The same driver is applied to the petroleum coke consumption.  
 
1.7.3 Oil and Natural Gas 
All emissions from the oil & gas exploration and production industry that occur offshore are reported 
within the DA GHGI data as unallocated. Emissions from onshore oil and gas terminals in England, 
Wales and Scotland and from a small number of on-shore oil and gas fields, are based on operator 
reported data. In the 1990-2009 inventory cycle, the allocation of sites in the upstream exploration and 
production sector has been improved to enable emissions to be estimated separately for oil production 
sites and gas production sites. This improvement was implemented within the UK GHGI (MacCarthy et 

http://uk-air.defra.gov.uk/reports/cat07/1107080945_1775-ghg-improvement-project-wsp-report.pdf
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al, 2011). The data management system for the DA GHG inventories has been improved in order to 
present DA-specific estimates of GHG emissions from the oil production and gas production sectors, 
leading to an improvement in emissions data detail and transparency. 
 
The estimates of terminal flaring and venting emissions are based on DECC (2010e) EEMS data for 
1995, 1998-2009.  Data is unavailable for 1990, so these are extrapolated based on flaring volumes for 
Scottish Terminals and natural gas arrivals to gas terminals in England (DTI, 1991, 1996). 
 
The 2000-2009 UK GHG inventories include a correction to account for flaring on onshore oil and gas 
fields excluded by the DECC EEMS inventory.  Onshore flaring volumes are obtained from DECC 
sources (DECC, 2010d).  Their significance in the UK national GHG inventory is minimal, but the data 
is more significant for the DA GHG inventories.  Wytch Farm, which lies a few miles off the south coast 
of England, is classified as on-shore for this purpose. 
 
The DECC EEMS inventory data provides data for fugitive emissions of carbon dioxide and methane 
from terminals for 1998-2009.  Methane emissions arise from venting, oil storage and tanker loading 
and unloading, whilst carbon dioxide emissions arise from venting and processes.  A more aggregated 
set of data for 1995 has been provided by UKOOA (1999), whilst estimates for 1990 have been 
calculated by extrapolation of data of oil and gas arrivals in England and Scotland (DTI, 1991, 1996) 
split across the sources and regions based on the 1995 dataset.  
 
 
UK inventory estimates of emissions of methane due to leakage from the gas transmission system are 
based on UK National Grid data of leakage from the high-pressure network, Above Ground 
Installations and the low-pressure networks. Estimates are provided by National Grid (2010) and the 
other gas network operators: Northern Gas Networks (2010), Scotia Gas Networks (2010), Phoenix 
Gas (2010) and Wales & West Utilities (2010). Estimates are provided by Local Distribution Zones, 
enabling direct allocation to each of the constituent countries. The DA GHGI allocation method was 
reviewed in 2010 and an error was identified and corrected for recent years. In the 1990-2009 UK 
GHGI cycle, the method to derive the compositional analysis of natural gas provided in the UK network 
(including the calculation of the average national annual methane and carbon dioxide content of natural 
gas) was revised and updated (MacCarthy et al, 2011) and small revisions to these data have resulted 
in small recalculations in the DA leakage estimates, although there has been no revision to the DA 
disaggregation method.  
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Table A1.7a: Fugitive Emissions from Fuels (Base Year – 1990)1 

 
IPCC Category NAEI Sources Activity: Fuel Consumption 1990 

Coal Mining Deep mined coal 
Coal storage & transport 

Deep mine coal production Regional deep mine production, British Coal Authority. 
CH4 from closed coal mines from WYG 2005 

Open cast coal Open cast mine coal 
production. 

Regional open cast mine production, British Coal Authority 
CH4 from closed coal mines from WYG 2005 

Solid Fuel 
transformation 

Coke production Coke production Coal feed to coke ovens, ISSB, WS, DECC  
Flaring Coke oven gas Coal feed to coke ovens, ISSB, WS, DECC  
SSF production Coal, Petrocoke Coal feed to SSF plant, DECC, WS 

Oil and gas 
production 

Offshore Oil & Gas NA Fugitive emissions from Terminals (extrapolated from 1995) 
Oil Terminal Storage NA 1998 driver 
Onshore Loading Oil loaded 1998 driver 

Venting & Flaring Offshore Flaring Volume gas flared Flaring at terminals and onshore fields, UKOOA, DECC 
Offshore Venting NA Fugitive emissions from Terminals (extrapolated from 1995) 

Natural Gas Gas Leakage Natural gas leakage National Grid (Transco), Northern Gas Networks,  
Scotia Gas Networks, Wales & West Utilities 

 
1  See Section 1.1.3 for abbreviations 
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Table A1.7b Fugitive Emissions from Fuels (1995; 1998 to 2009) 

 
IPCC Category NAEI Sources Activity: Fuel Consumption Data Sources / Comments 

Coal Mining Deep mined coal 
Coal storage & transport 

Deep mine coal production Regional deep mine production, British Coal Authority. 
CH4 from closed coal mines from WSL 2011. 

Open cast coal Open cast mine coal 
production. 

Regional open cast mine production, British Coal Authority 
CH4 from closed coal mines from WSL 2011. 

Solid Fuel 
transformation 

Coke production Coke production Coal feed to coke ovens, ISSB, WS, DECC and (1999-current) PI 
Flaring Coke oven gas Coal feed to coke ovens, ISSB, WS, DECC and (1999-current) PI 
SSF production Coal, Petrocoke Coal feed to SSF plant, DECC, WS 

Oil and gas 
production 

Offshore Oil & Gas NA Oil & Gas UK GHG emissions from Terminals, DECC EEMS 
Oil Terminal Storage NA Data from storage emissions, DECC EEMS 
Onshore Loading Oil loaded Data from loading emissions, DECC EEMS 

Venting & Flaring Flaring Volume gas flared Flaring at terminals and onshore fields, Oil & Gas UK, DECC 
Venting NA Data from venting emissions, DECC EEMS 

Natural Gas Gas Leakage Natural gas leakage National Grid (Transco), Northern Gas Networks,  
Scotia Gas Networks, Wales & West Utilities, Phoenix Gas 
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1.8 INDUSTRIAL PROCESSES 

These sources report process and fugitive emissions from industrial processes as opposed to the 
emissions from fuel combustion used to provide energy to these processes.  (Table A1.2 covers 
combustion emissions.)  The drivers used for process and fugitive industrial releases are summarised 
in Table A1.8. 
 
1.8.1 Minerals Industries 
Large emissions of carbon dioxide arise from the degradation of limestone used in cement and lime 
kilns.  Cement emissions are estimated from the production of cement clinker, with regional emission 
estimations based on plant capacity data supplied by the British Cement Association3 (2004) for 1990 
to 2001.  From 2002 to 2007, the regional split is based on reported emissions from the PI, SPRI and 
ISR, whereas in 2008 and 2009 all cement sites now report under EUETS and hence the emissions 
from combustion and process sources by site are derived from EUETS data.  Through discussions 
with environmental regulators it has been determined that lime calcination only occurs in England.  
 
Limestone and dolomite are also used in iron and steel production.  Corus suggest that it would be 
impossible to identify all the different uses of limestone and dolomite in iron and steel making. The 
major use is in blast furnaces, and so emissions have been disaggregated based upon regional iron 
production figures (ISSB, 2010). 
 
Limestone, dolomite and soda ash are also used in glass production.  Emissions were previously 
disaggregated using plant capacity and carbon dioxide emissions data from British Glass for 1990, 
1995, 1998 and subsequently extrapolated for 1999 and 2000. However, the improvement of data 
supplied via the Pollution Inventory (Environment Agency, 2010) has enabled more accurate 
disaggregation for the years 2000 and 2001.  Historic data has therefore been revised where 
appropriate and the Pollution Inventory data now provides a more accurate methodology for regional 
disaggregation of UK data from 2002 onwards. 
 
The 2009 EUETS dataset contains a much greater coverage of sites and emission sources 
(combustion and process) from the glass industry, which has led to time-series revisions of DA activity 
and emissions.  Previously the DA allocation of emissions from the glass sector was based on site 
information on production capacity, but access to fuel use data for 2009 has enabled these 
assumptions to be over-written with some fuel-specific DA allocations. These revisions have led to 
improvements to DA GHGI data and also to the DA air quality pollutant inventories for emission 
estimates in recent years. 
 
The inventory also reports carbon dioxide and methane emissions from Fletton brick production, as 
introduced in 2000.  These bricks are made from Fletton clay which contains a significant amount of 
naturally occurring carbonaceous material and all such production occurs in England. 
 
1.8.2 Chemical Production 
The UK Inventory reports emissions of carbon dioxide from ammonia production; nitrous oxide from 
adipic acid production and nitrous oxide from nitric acid production. Following the closure of a (nitric 
acid) fertiliser plant in Belfast in late 2001, all of the nitric acid, ammonia and adipic acid plants are 
within England. Prior to that, plant capacities for nitric acid production facilities were used to estimate 
the split in UK chemical production GHG sources. 
 

                                                 
3 Production capacity data are used for cement emissions as the actual annual production data from cement 
plant are commercially confidential. 
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Table A1.8a: Industrial Processes (Base Year – 1990)1 

 
IPCC Category NAEI Sources Activity Data 1990 

Cement Production Cement 
(decarbonising) 

Clinker production Regional cement production capacity, BCA 

Lime Production Lime (decarbonising) Limestone consumption All such plant located in England 
Limestone and Dolomite 
Use 

Glass production Limestone and dolomite 
consumption 

Regional glass production, British Glass 

Blast Furnaces Limestone and dolomite 
consumption 

Iron production, ISSB 

Soda Ash Production and 
Use 

Glass production Soda Ash Consumption Regional glass production, British Glass 

Mineral Products: Other Fletton Brick 
Production 

Fletton Brick Production All such plant located in England 

Ammonia Production Ammonia feedstock Natural gas feedstock All such plant located in England 
Nitric Acid Production Nitric Acid Production Plant capacity Regional plant capacity 
Adipic Acid Production Adipic Acid Production Adipic acid made All such plant located in England 
Chemical Industry: Other Methanol Production Production of Methanol All such plant located in England 
Chemical Industry: Other Ethylene Production Production of Ethylene Plant capacities 
Chemical Industry: Other Chemical Industry NA Extrapolated from PI data 
Iron and Steel Electric Arc Furnace EAF steel production Regional EAF production, ISSB 

Flaring Blast furnace gas Coke consumed in blast furnaces, ISSB, WO 
Aluminium Production Aluminium production Primary aluminium 

produced 
Regional aluminium plant capacity, ALCAN 

SF6 Used in Aluminium and 
Magnesium Foundries 

SF6 Cover gas NA Regional consumption & sales data, EM industry report 1999 
 

 
1. See Section 1.1.3 for abbreviations 
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Table A1.8a: Industrial Processes (Base Year – 1990)  (continued) 

 
IPCC Category NAEI Sources Activity Data 1990 

Halocarbon & SF6 By-
Product Emissions 

Halocarbon Production NA All such plant are located in England. 

Refrigeration and Air 
Conditioning 

Refrigeration NA Regional population, ONS 
Supermarket 
Refrigeration 

NA Regional GDP, ONS 

Mobile Air conditioning NA Vehicle Registration data, AEAT industry report 2003 
Foam Blowing Foams NA Regional population, ONS 
Fire Extinguishers Fire fighting NA Regional population, ONS 
Aerosols Metered Dose Inhalers NA Regional population, ONS 

Aerosols (halocarbons) NA Regional population, ONS 
Other Electronics NA Regional electronics plant consumption, EM  industry report 1999 

Training shoes NA Regional population, ONS 
Electrical Insulation NA Regional electrical capacity, AEAT industry report 2003 
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Table A1.8b: Industrial Processes (1995; 1998 to 2009) 

 
IPCC Category NAEI Sources Activity Data Data Sources / Comments 

Cement Production Cement 
(decarbonising) 

Clinker production Point source data from EUETS (2008 only), and the 
PI/SPRI/ISR (EA, SEPA & NIEA). 

Lime Production Lime (decarbonising) Limestone consumption All such plant located in England.  
Limestone and Dolomite 
Use 

Glass production Limestone and dolomite 
consumption 

Regional glass production, BGlass. EUETS (2009) 

Blast Furnaces Limestone and dolomite 
consumption 

Iron production, ISSB 

Soda Ash Production and 
Use 

Glass production Soda Ash Consumption Regional glass production, BGlass. EUETS (2009) 

Mineral Products: Other Fletton Brick 
Production 

Fletton Brick Production All such plant located in England 

Ammonia Production Ammonia feedstock Natural gas feedstock All such plant located in England 
Nitric Acid Production Nitric Acid Production Plant capacity Regional plant capacity, PI/SPRI/ISR.  

Since 2002, all such plant located in England. 
Adipic Acid Production Adipic Acid Production Adipic acid made All such plant located in England 
Chemical Industry: Other Methanol Production Production of Methanol All such plant located in England 
Chemical Industry: Other Ethylene Production Production of Ethylene Plant Capacities, PI/SPRI/ISR 
Chemical Industry: Other Chemical Industry NA PI/SPRI/ISR data, or extrapolated from PI data 
Iron and Steel Electric Arc Furnace EAF steel production Regional EAF production, ISSB 

Flaring Blast furnace gas Coke Consumed in blast furnaces, ISSB, WO 
Aluminium Production Aluminium production Primary aluminium 

produced 
UK plant production & emissions data, Alcan, Rio-Tinto, EA, 
SEPA 

SF6 Used in Aluminium and 
Magnesium Foundries 

SF6 Cover gas NA Regional consumption & sales data from industry reports 
compiled by EM & AEAT 
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Table A1.8b: Industrial Processes (1995; 1998 to 2009) (continued) 

 
IPCC Category NAEI Sources Activity Data Data Sources / Comments 

Halocarbon & SF6 By-
Product Emissions 

Halocarbon Production NA All such plant are located in England. 

Refrigeration and Air 
Conditioning 

Refrigeration NA Regional population, ONS 
Supermarket 
Refrigeration 

NA Regional GDP, ONS 

Mobile Air conditioning NA Vehicle Registration data, AEAT industry report 2003 
Foam Blowing Foams NA Regional population, ONS 
Fire Extinguishers Fire fighting NA Regional population, ONS 
Aerosols Metered Dose Inhalers NA Regional population, ONS 

Aerosols (halocarbons) NA Regional population, ONS 
Other Electronics NA Regional electronics plant consumption, EM industry report 1999  

& AEAT industry report 2003 
Training shoes NA Regional population, ONS 
Electrical Insulation NA Regional electrical capacity, AEAT industry report 2003 
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The UK inventory reports emissions of methane from methanol production, ethylene production and 
the other chemical industry.  The methanol plant is located in England, whilst ethylene production 
occurs in England, Scotland and Wales. These emissions are distributed based on data reported in the 
PI (Environment Agency, 2010a), SPRI (SEPA, 2010a) and plant capacity.  Emissions are extrapolated 
to 1990 and 1995 based on plant capacities. 
 
The emissions from the “other chemical industry” sector are disaggregated to England and Wales 
based on the site data in the Pollution Inventory.  Data on emissions from other chemical processes 
are not available for Scotland. 
 
1.8.3 Metal Production 
In the iron and steel industry, emissions of carbon dioxide arise from electric arc furnaces through the 
consumption of the graphite anodes. Regional data on steel production from electric arc furnaces is 
used to determine the regional drivers for this activity (ISSB, 2010). 
 
The flaring of waste blast furnace gas is disaggregated according to the distribution of blast furnaces, 
using the driver derived for coal consumption by blast furnaces (ISSB, 2010). 
 
Emissions of carbon dioxide from iron and steel making are estimated from a mass balance on the 
coke consumed in blast furnaces; the blast furnace gas produced; the pig iron produced; the pig iron 
used in steel making and the crude steel produced.  The emissions are distributed using appropriate 
drivers for each source and sink taken from ISSB (2010).  These include regional data on coke 
consumed in blast furnaces, pig iron production and crude steel production. 
 
The electrolytic process used to produce aluminium results in a carbon dioxide emission as the 
petroleum coke anode is consumed. Emission estimations are based on plant capacity data provided 
by Alcan (2004), for years up to 2002.  The DA emissions data for 2003 onwards are based on PI and 
SPRI data (EA, 2010a; SEPA, 2010a). There have been some significant changes in the aluminium 
industry in recent years, with the closure of the Kinlocheven plant in 2000, and the expansion of the 
Lynmouth plant, and hence there has been a swing in emissions from this sector from Scotland to 
England.   
 
The anode baking process within aluminium production also results in emissions of PFCs, and 
estimates are provided by plant operators (Alcan, 2010). 
 
1.8.4 Use of Halocarbons and SF6 
The UK emissions of halocarbons and sulphur hexafluoride were based on estimates from a model 
prepared initially by Enviros March (1999).  This model has now been updated by AEAT (Haydock et 
al, 2003), with further updates at UK level for the refrigeration sectors during 2008-9 (Personal 
Communication: MacCarthy, 2010).  For some sources, the emission is equal to the consumption of 
fluid (e.g. aerosols).  For other sources the emissions occur during product manufacture, leakage 
during product lifetime, and at product disposal (e.g. refrigerators).  In these cases emissions are 
estimated from a time dependent model of the bank of fluid held in products, accounting for unit 
production and disposal. 
 
Data for HFC emissions from metered dose inhalers in the UK are also taken from the EM & AEAT 
predictive models.  The National Asthma Campaign’s National Asthma Audit (1999-2000) concluded 
that: 
 
“There is little variation in asthma prevalence among children or adults throughout Great Britain.”  
 
Therefore, the regional split of emissions is proportional to population. 
 
Supermarket refrigeration is regarded as sufficiently different from other refrigeration to warrant a 
separate study.  Emissions are based on a market review of the number and size of supermarkets in 
the regions, combined with discussions with gas manufacturers on the sales into this sector.  
Discussions with supermarket owners also suggest that regional use could be approximately equated 
to sales volume, which in turn could be approximated by regional GVA estimates, which have been 
obtained from ONS (2010a).  The DA GVA data are therefore used to estimate the share of 
refrigeration emissions within the UK. 
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Air conditioning systems in cars began to use HFC134a from around 1993.  Data is supplied by SMMT 
on regional sales of new cars.  Initially, installation of air conditioning was skewed towards company 
cars, which are broadly distributed according to population.  
 
PFCs and SF6 are used to cushion the soles of some training shoes.  Data have previously been 
gathered from discussions with Nike.  Sales figures for the devolved regions of the UK were not 
available, and therefore the regional split is made according to population. 
 
Sulphur hexafluoride is used in electrical switchgear within the electricity transmission system.  UK 
estimates are based on discussions with industry sources and summarised within the EM & AEAT 
model.  Regional estimates are determined through consultation with power supply companies (NIE, 
Scottish Power & Scottish Electric, National Grid) and the Electricity Association. 
 
For aerosols, the split by region is made on the basis of population, although use of these gases often 
have industrial applications. Making the split using population has the advantage of making the data 
directly comparable with the figures for the baseline years of 1990 and 1995. 
 
Other sources such as fire extinguishers are very small and are likely to be distributed with the general 
population. 
 
Emissions of SF6 cover gas from magnesium production is based on regional sales and consumption 
data.  This stable market is assessed within the AEAT model (2003), with all production located in 
England & Wales. 
 
Emissions data for regional emissions from semiconductor wafer manufacture are estimated from 
manufacturing data and consultation with relevant trade associations, and incorporated within the 
AEAT model (2003). 
 
1.9 AGRICULTURE 

Rothamsted Research provides all data and information pertaining to agricultural sources within the 
Devolved Administration emission inventories. 
 
The UK inventory is disaggregated into England, Scotland, Wales and Northern Ireland, with all default 
factors and emission factors carried over from the national inventory.   
 
Regional crop areas are obtained from the Defra June Agricultural Census for 1990, 1995, 1998 - 2009 
(Defra, 2010), Welsh Assembly Government (2010), Scottish Government (2010) and DARD (2010).  
Crop production data is taken from Agriculture in the UK and Basic Horticultural Statistics for the UK.  
The Welsh Assembly Government also provides crop area data in Wales for this inventory.  
 
Fertiliser applications are derived from regional crop areas and average application rates published in 
the British Survey of Fertiliser Practice for 1990, 1995, 1998 - 2009 (BSFP, 2010), which presents data 
for England and Wales, Scotland and Great Britain.  Application rates in Northern Ireland are assumed 
to be the same as Scottish applications. In many cases, the sample size used to estimate fertiliser use 
in Scotland is considered too small to be sufficiently robust and in these cases, the Great Britain data 
are used.  Where application rates are not available for particular crop types, the crop area is 
amalgamated with a similar crop with a known fertiliser application rate. Where annual applications are 
not available, fertiliser application for a different year are used. 
 
Livestock numbers are obtained from CEH (Ulrike Dragosits) calculations based on data from Defra, 
Scottish Government, the Welsh Assembly and DARD Agricultural Census data for 1990, 1995, 1998 – 
2009.  
 
Other data such as milk production and fat in milk are obtained from Agriculture in the UK (Defra, 
2010). 
 
Dairy cattle weight is from slaughter weight data provided by Sarah Thompson, Defra.  A Tier 2 
methodology is used for the calculation of the enteric emissions from beef cattle, but a time series of 
cattle weights are not available, and so a constant weight of 500 kg has been assumed.  A country 
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specific emission factor is used, assuming a weight of 500 kg. A Tier 2 methodology is used for the 
calculation of the emissions from other cattle but weight is not changed from year to year. 
 
N excretion factors are kept in agreement with the UK NH3 inventory (Cottril and Smith, ADAS). 
 
As in the national inventory, the area of cultivated histosols (soils of high organic content) is assumed 
to be equivalent to the area of Eutric Histosols, and is disaggregated according to a percentage split 
estimated by the Soil Survey and Land Research Centre (personal communication). 
 
Time series of the application of sewage sludge to land was included in the 2009 inventory. Emissions 
from sewage sludge used as fertiliser are reported under agricultural soils by IPCC.  The calculation 
involves estimating the amount of nitrogen contained per dry matter unit of sludge and applying IPCC 
emission factors. Data sources for the annual production of sewage sludge (as dry matter) were 
obtained from Brian Chambers (pers. comm.ADAS) for 1996; from Directive 86/278 for 2004-2006 on 
the basis of the data contained in the records referred to in Article 10; Sludge used in agriculture 
(Tonnes dry matter/year); from OFWAT, the Water Commissioner for Scotland and the Northern 
Ireland regulator, UREGNI for 2008-2009. The amounts for the missing years were derived by 
interpolation/extrapolation of the available data. The UK follows the IPCC (1997) methodology.  This 
assumes that 20% of the total sludge N applied to soil volatilises as NOx and NH3 and therefore does 
not contribute to N2O emissions. 
 
A correction to the calculation of the emissions from leaching was introduced. Previously the UK 
subtracted volatilised N and N2O emitted from the applied N to calculate the fraction leached. 
According to the IPCC no subtraction is required for the calculation of the fraction leached, so the UK 
has now corrected this methodology. 
 
The impact of the changes due to inclusion of sewage sludge and the correction of the calculations in 
leaching produced an increase in total emissions of N2O in all years and for example for the year 2008, 
the increase was 6.4, 6.9, 5.5 and 6.0% for England, Wales, Scotland and Northern Ireland 
respectively.  
 
There are no regional differences in the parameters currently used to calculate emissions (except for 
activity data). 
 
Planned improvements to the inventory 
 
UK emission factors are currently under review for: 
 

• EF1, emission factor for direct soil emissions; from a literature review and a field measurement 
programme. 

• EF3, emission factor from manure management systems); from a literature review and a field 
measurement programme and, 

• EF5, nitrogen leaching/runoff factor; from a field measurement programme 
 
The UK aims to improve the spatial disaggregation of the inventory by calculating emissions using 
parameters specific at DA level. 
 
The UK is improving the link between the NH3 and GHG inventories, and incorporating NOx in a study 
(desk/experimental) which will review the current value of 20% of N lost as NH3 and NOx. 
 
Any small differences in national-regional census data are removed by normalising the DA inventories 
such that the sum of England, Scotland, Wales and Northern Ireland equals the UK emission.  (For 
details of the normalisation procedure, see Section 1.1.2.)   In particular, for census years prior to 
2001, the supply of data for the constituent countries from different sources (MAFF, DANI and the 
Scottish Office) was not concurrent with obtaining the UK data and submitting the UK inventory.  This 
lack of synchronicity was not conducive to ensuring that there was good agreement between the sum 
of country data and the UK figure, and consequently the UK and disaggregated inventory estimates.  
This problem was rectified in some recent years by the supply of all required land use and livestock 
data directly from DEFRA statistics.  As this is no longer possible, the current protocol is to obtain data 
from constituent countries prior to submission of the UK inventory, altering UK figures where 
necessary. 
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A new spreadsheet will be submitted from the next inventory submission, with structure for potential 
inclusion of Tier 2 methodology for CH4 in all livestock categories. 
 
A large programme of improvements to the UK inventory is underway, as a platform of projects to 
provide country specific data has been funded by Defra. Improvements include analysis of available 
data from the literature, and specific experimental work to improve the estimates of emissions of N2O 
and CH4.  
 
1.10 LAND USE, LAND USE CHANGE & FORESTRY (LULUCF) 

The estimates for the LULUCF sector within the DA emissions inventories are made by the Centre for 
Ecology and Hydrology. The methods for estimating emissions and removals of greenhouse gases 
from this sector, data sources and underlying assumptions are described in the latest UK national 
inventory report for 1990-2009 (MacCarthy et al., 2011).  
 
Detailed information on the data and methods used in the LULUCF inventory is available in the 1990-
2009 UK Greenhouse Gas Inventory Report, available on the National Atmospheric Emissions 
Inventory website http://naei.defra.gov.uk/. Chapter 7 and Annex 3.7 contain information on the 
LULUCF sector, and Chapter 11 contains additional information on the reporting of LULUCF activities 
for the Kyoto Protocol. Additional information on LULUCF and KP-LULUCF inventory reporting has 
been made available at http://ecosystemghg.ceh.ac.uk/.  
 
The current LULUCF inventory methods use a combination of top-down and bottom-up approaches, 
based on activity data for each of the Devolved Administrations and the UK as a whole. As a result of 
this approach, estimates of emissions and removals from LULUCF activities are automatically 
produced at the DA and UK scale. 
 
Changes between the 2009 and the 2008 inventory 
There are differences in the estimated net emissions in the 1990-2009 inventory compared with the 
previous inventory. There have been updates to methods and activity data this year, together with 
internal restructuring of the LULUCF calculation methods. Sector 5, which covers LULUCF emissions 
and removals reporting, now reports a slightly larger source in 1990 compared with the 1990-2008 
inventory (3.876 vs. 2.953 Mt CO2e) and a larger sink from 2000 onwards (-4.005 vs. -1.942 Mt CO2e 
in 2008). These differences are due to the inclusion of new activity data for land use change between 
2000 and 2007, the reporting of N2O emissions from land-use conversion to cropland, the reporting of 
on-site emissions for the 5D Wetlands category and other minor revisions to methods, activity data and 
emission factors. These changes have been undertaken as part of the development of the inventory, or 
in response to international review team recommendations. The main changes are described below, 
with the main differences between inventories in the Devolved Administrations described in their 
respective sections. 
 
The inclusion of new data on land use change from the Countryside Survey 2007 has made a marked 
difference to the estimates of net emissions/removals. In previous inventories, rates of land use 
change were based on the rate of change between 1990 and 1998, rolled forward to the most recent 
inventory year. With the new dataset, we have been able to recalculate rates of change for 2000 to 
2007, and have extrapolated rates for 2008 and 2009 using the most recent rates (the LUC model is 
set up to use decadal land use change, e.g. 1990-1999 and 2000-2009). Rates of land use change for 
1999 are assumed to be the same as those for 1990-1998. Changes to the rates of land use change 
affect the estimates of soil carbon stock changes from these land use conversions. 
 
1.10.1: 5A Forest Land 
 
Forest Land remaining Forest Land 
There are 1168 kha of land that was covered in forest since before 1921: 727 kha in England, 312 kha 
in Scotland, 123 kha in Wales and 6 kha in Northern Ireland. This forest is assumed to be in overall 
carbon balance because of its age, and hence has a carbon stock change of zero. The area of forest 
reported in this category from 1990 to 2009 has been adjusted to take account of forest converted to 
other land use categories. 
 

http://naei.defra.gov.uk/
http://ecosystemghg.ceh.ac.uk/


 

AEAT/ENV/R/3222 Issue 1   Greenhouse Gas Inventories for England, Scotland,  
   Wales and Northern Ireland: 1990-2009 
 
 

A.1.48  AEA 

Land converted to Forest Land 

Carbon stock changes 
In the previous versions of the inventory, all land afforested since 1921 was included in Category 5A2 
Land Converted to Forest as soil carbon fluxes due to conversion take many decades to reach 
equilibrium. In the 2009 Inventory, this category has been restructured to use a 20 year transition 
period for land use converted to forest. The fluxes from conversions prior to the 20 year transition 
period are still reported, now under the Category 5A1 Forest Remaining Forest. There is therefore no 
change in reported removals / emissions in the overall 5A Category.  

Changes in carbon stocks in forest standing biomass, litter and soils are calculated with the C-Flow 
forest carbon model (Dewar and Cannell 1992, Cannell and Dewar 1995, Milne et al. 1998). The model 
is driven by records of annual forest planting in each DA on previously unforested land (available from 
1922 onwards). Forests accumulate carbon (removing it from the atmosphere) in their biomass and 
soils as they grow, but timber harvesting and planting activities disturb this accumulation and result in 
emissions of carbon to the atmosphere. The net carbon stock change at any one time depends on the 
balance between these different activities. Forestry management cycles operate over long time scales 
(50 years+) so the rate of carbon removal in the present day is driven by the rate of forest planting in 
previous decades.  

In 2009 around 59% of the area under forest land use in the UK had been planted since 1921 (401 kha 
in England, 1028 kha in Scotland, 161 kha in Wales and 82 kha in Northern Ireland). The activity data 
for annual forest planting (private and state) for the C-Flow model are provided by the Forestry 
Commission (for England, Scotland and Wales) and the Northern Ireland Department of Agriculture. 
The data is sub-divided into conifer and broadleaf planting and is time-consistent and reliable. There 
are differences in trends between conifer and broadleaf planting since 1990.  

All DAs have seen a decline in annual conifer planting rates 1990-2009, however, annual broadleaf 
planting has on average increased in all DAs (Table A1.9).  

The C-Flow model also requires input data on the stemwood growth rate and harvesting pattern, which 
come from standard management and yield tables used by the Forestry Commission (Edwards and 
Christie 1981). Following work by Milne et al. (1998) DA-specific growth patterns are used for conifers 
but the same growth pattern is used for all new broadleaf planting in the UK. Milne et al. (1998) have 
shown that different yield class assumptions for conifer and broadleaf planting have an effect of less 
than 10% on estimated carbon uptakes for the country as a whole. CEH and Forest Research are 
undertaking research to characterise forest planting (including species mix) and management in 
greater spatial and temporal detail. Comparisons of forest census data have already indicated that 
there is non-standard management (shorter rotations) in England and Wales during the mid-20th 
century. These variations in management have been incorporated into the forest model but they have 
only a small impact on net carbon stock change.  

The C-Flow method is a Tier 3 modelling approach, so there are no explicit emission factors. Instead 
parameter values for either conifer or broadleaf trees are required to estimate (i) stemwood, foliage, 
branch and root masses from the stemwood volume, and (ii) the decomposition rates of litter, soil 
carbon and wood products. Losses of soil carbon due to the disturbance by planting activity are also 
considered on a DA-specific basis. From these values and the activity data C-Flow calculates the net 
changes in the pools of standing trees, litter and soil carbon.  

Table A1.9: Forest Planting Rates since 1990 

Annual 
Planting Rate  

kha a-1 

England  Scotland  Wales  Northern 
Ireland  

Conifer  

1990-1994  0.827  9.536  0.216  1.025  

1995-1999  0.547  6.505 0.091  0.498 

2000-2004  0.556  3.536  0.084  0.224  

2005  0.191 1.865  0.013  0.034  
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2006  0.082  1.011 0.008  0.043  

2007  0.064  2.000  0.037  0.034  

2008 0.054 0.744 0.002 0.056 

2009 0.007 1.168 0.020 0.020 

Broadleaf  

1990-1994  3.828  3.383  0.312  0.238  

1995-1999  4.016  4.997  0.420  0.297  

2000-2004  4.507  5.180  0.368  0.435  

2005  4.523 3.823 0.521  0.321  

2006  3.030  2.984  0.452  0.563  

2007  2.573  4.579  0.388  0.451 

2008 1.999 3.427 0.201 0.496 

2009 2.091 2.272 0.089 0.269 

 

The overall uncertainty in emissions/removals from 5A Forest Land is estimated to be 25% but a full 
analysis of uncertainties is planned for future inventories. 

Nitrous Oxide emissions from N fertilization of forests  

Information on forest fertilisation was gathered from a search of the relevant literature and discussion 
with private chartered foresters and the Forestry Commission (Skiba, 2007). In the UK the general 
recommendation is not to apply fertiliser to forests unless it is absolutely necessary: it is not applied to 
native woodlands, mature forest stands or replanted forests. The instances where N fertiliser is applied 
to forests are first rotation (afforestation) forests on “poor” soil, e.g. reclaimed slag heaps, 
impoverished brown field sites, upland organic soils. In terms of the inventory, this means that N 
fertilisation is assumed for Settlement converted to Forest land and Grassland converted to Forest 
Land on organic soils. A Tier 1 approach is used with the amount of N fertiliser calculated using a fixed 
application rate and the areas of relevant forest planting for each DA from the same datasets used in 
the CFlow model for 5.A.2. Land converted to Forest land.  

An application rate of 150 kg N ha-1 is assumed based on Forestry Commission fertilisation guidelines 
(Taylor 1991). The guidelines recommend applying fertiliser on a three-year cycle until canopy closure 
(at c. 10 years), but this is thought to be rather high (Skiba, 2007) and unlikely to occur in reality, so two 
applications are adopted as a compromise. These applications occur in year 1 and year 4 after 
planting. As a result, emissions from N fertilisation since 1990 include emissions from forests that were 
planted before 1990 but received their second dose of fertiliser after 1990. The emission factor for N2O 
of applied nitrogen fertiliser has been changed to 1% in line with the application of the IPCC 2006 
Guidelines. Emissions of N2O from N fertilisation of forests have fallen since 1990 due to reduced rates 
of new forest planting. 

Emissions from wildfires on forest land  

Estimates of emissions from wildfires on forest land are included in the inventory. The approach is Tier 
2, using country-specific activity data and default emission factors. There is no information as to the 
age and type of forest that is burnt in wildfires, so all wildfire emissions are recorded under 5.A.2.  

Estimates of the area burnt in wildfires 1990-2009 are made for Great Britain (data from the Forestry 
Commission) and Northern Ireland (data from the Forest Service). No data on areas burnt in wildfires 
has been collected or published since 2004. Activity data for 2005 to 2009 is extrapolated using a Burg 
regression equation based on the trend and variability of the 1990-2004 dataset. These areas refer 
only to fire damage in state forests; no information is collected on fire damage in privately owned 
forests. The area of private-owned forest that was burnt each year was assumed to be in proportion to 
the percentage of the state forest that was burnt each year. The Great Britain total forest estimate was 
split between the individual countries in proportion to their forest areas. An estimated 957 ha of forest 
is burnt on average every year (358 ha in England, 427 ha in Scotland, 91 ha in Wales and 75 ha in 
Northern Ireland) between 1990 and 2009, although there is high inter-annual variability.  
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There is no information on the type (conifer or broadleaf) or age of forest that is burnt in wildfires in the 
UK. Therefore, the amount of biomass burnt is estimated from the mean forest biomass density in 
each country of the UK, as estimated by the C-Flow model. These densities vary with time due to the 
different afforestation histories in each country. A combustion efficiency of 0.5 is used with a carbon 
fraction of dry matter of 0.5 to estimate the total amount of carbon released, and hence emissions of 
CO2 and non-CO2 gases (using the IPCC emission ratios).  

The uncertainty for the wildfire activity data is estimated to be 50% for the activity data 1990-2004, but 
100% for the 2005 to 2009 values, as these have been extrapolated from previous years. The IPCC 
default of 70% uncertainty is used for the emission factors. 

1.10.2 5B Cropland  

Cropland remaining Cropland  

Changes in non-forest biomass resulting from yield improvements result in a carbon sink. The activity 
data on cropland area is DA-specific and the emission factor is fixed at 2% p.a. (Sylvester-Bradley et 
al. 2002).  

The application of lime (limestone, chalk and dolomite) to Cropland (and Grassland) produces 
emissions of CO2. Data on the use of limestone, chalk and dolomite for agricultural purposes is 
reported in the Business Monitor of Mineral Extraction in the UK (Office of National Statistics 2008). 
Estimates of the individual materials are provided by the British Geological Survey each year as only 
the totals are published because of commercial confidentiality rules for small quantities. The amount of 
lime applied is variable from year to year but generally reducing over time. The area that receives lime 
is calculated from the regional agricultural censuses, the Fertiliser Statistics Report (Agricultural 
Industries Confederation, 2006) and the British Survey of Fertiliser Practice (BSFP, 2009). This data is 
DA-specific from 2000 onwards for England, Scotland and Wales and estimated from GB rates before 
that. There is no specific information on the % area limed in Northern Ireland, which is therefore 
assumed to be the same as that in England. Fixed emission factors (for limestone/chalk and dolomite) 
are used to estimate emissions. The uncertainty in the activity data and emission factors are judged to 
be low and consistent over time.  

Past drainage of lowland peatlands in England produces an ongoing change in soil carbon stocks and 
therefore carbon emissions. The baseline (1990) area of drained peatland is taken as 150,000 ha 
(Bradley 1997) with an assumption of no further drainage since that time. The annual loss decreases in 
proportion to the amount of carbon remaining (there are different implied emission factors for “thick” 
and “thin” peat). 

Land converted to Cropland  

Emissions and removals in this category result from (i) changes in soil carbon stocks, and (ii) changes 
in non-forest biomass carbon stocks due to land use change to Cropland. The methodology also 
applies to land converted to Grassland and to Settlement. Changes in carbon stocks from land use 
change to Forest land are calculated by the C-Flow model, as described above.  Emissions of nitrous 
oxide (N2O) from the disturbance associated with land-use conversion to cropland are reported for the 
first time in this inventory.    

Changes in soil carbon stocks due to land use change to Cropland  

Land use change results in soil carbon stock change because soil carbon density generally differs 
under different land uses and the land use change initiates a transition from one density value to 
another. The change in vegetation cover and management affects the amount of carbon that goes into 
the soil from biomass decomposition and the initial disturbance of the soil releases carbon to the 
atmosphere. An increase in soil carbon density results in a removal of CO2 from the atmosphere, and 
vice versa. The rate of loss or gain of carbon depends on the type of land use transition. For transitions 
where carbon is lost, e.g. Grassland conversion to Cropland, the rate is “fast” (50-150 years), but for 
transitions where carbon is gained the rate is much slower.  

The method used for this activity links a land use change matrix to a dynamic model of carbon stock 
change. Matrices of land use change have been constructed back to 1950 for each DA using country-
specific land surveys (MLC 1986, Haines-Young et al 2000, Cooper and McCann 2002).  

Areas of land use were assigned to the IPCC GPG categories – Forest land, Cropland, Grassland, 
Settlements and Other Land. The data available for the UK does not distinguish Wetlands from other 
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land use types so this category is not used for land use change, although data on peat extraction are 
now reported under the wetlands category. 

Area change data exists up to 2007 (when the most recent Countryside Survey took place) and 
extrapolated from there to the latest inventory year (2009). Since 1990 an estimated 49.5 kha yr-1 have 
been converted to Cropland in England, 15.6 kha yr-1 in Scotland, 6.0 kha yr-1 in Wales and 3.5 kha 
yr-1 in Northern Ireland.  This is the first inventory to include extrapolations based upon the 2007 
Countryside Survey. Previous inventories were based upon the extrapolations from the 1998 
Countryside Survey.   

A database of soil carbon density, based on information on soil type, land cover and carbon content, is 
available at 1km scale for the UK (Bradley et al. 2005): this gives the soil carbon densities under the 
different land use categories for each UK country. DA-specific times, from the initial to the new soil 
carbon density following a land use change, are used with the core differential equation to calculate 
carbon fluxes per unit area (hence the implied emission factors will change over time). 

Changes in non-forest biomass stocks resulting from land use change to Cropland  

Changes in carbon stocks in non-forest biomass due to land use change are based on the same area 
matrices used for estimating changes in carbon stocks in soils. The biomass carbon densities for five 
basic land use types are then weighted by their occurrence in each DA to calculate mean biomass 
densities for Cropland, Grassland and Settlements. The mean biomass carbon densities for each land 
type were then weighted by the relative proportions of change occurring between land types, in the 
same way as the calculations for changes in soil carbon densities. Changes between these equilibrium 
biomass carbon densities were assumed to happen in a single year.  

A Monte Carlo approach is used for both activities to vary the inputs for the core equation, and also 
give an estimate of uncertainty. The uncertainty in changes in soil carbon from the initial to the final 
equilibrium value is up to ±11% of the mean value. The uncertainty of the areas of land use change in 
each land use transition is assumed to be ±30% of the mean. Independent estimates of the uncertainty 
for each DA are not currently available. 

 

1.10.3 5C Grassland  

Grassland remaining Grassland  

Emissions resulting from the application of lime are described in the Cropland remaining Cropland 
section.  Peat extraction for horticultural previously reported for England, Scotland and Northern Ireland 
(it is negligible in Wales) in this category is now reported under Category 5D, Wetlands.  Peat 
extraction for fuel use is reported in the Energy sector of the inventory. 

 

Land converted to Grassland  

Methods for estimating changes in non-forest biomass and soils due to land use change to Grassland 
are described in the Land converted to Cropland section. Since 1990 an estimated 68.1 kha yr-1 have 
been converted to Grassland in England, 19.2 kha yr-1 in Scotland, 5.0 kha yr-1 in Wales and 5.1 kha 
yr-1 in Northern Ireland.  

When Forest land is converted to Grassland (i.e. deforestation) it is assumed that 60% of the standing 
biomass is removed as timber products and the remainder is burnt. This burning of forest biomass 
produces emissions of CO2, CH4 and N2O.  

Activity data on deforestation to Grassland in the UK is estimated from Forestry Commission 
unconditional felling licence data where there is no requirement to restock by replanting or regeneration 
(see Levy and Milne 2004). The most recent data from the Forestry Commission has been collated: 
these are estimates for England for 1990-2008 and estimates for GB in 1999-2001. 

Estimates for Scotland and Wales are extrapolated from the England estimates using the GB:England 
ratios in 1999-2001. Areas of deforestation for 2003-2009 are estimated by extrapolation from earlier 
years. There are no data currently available for Northern Ireland.  

Annual rates of deforestation to Grassland were low and stable from 1990 to 1998 (E: 0.16 kha yr-1, S: 
0.05 kha yr-1, W: 0.01 kha yr-1) when they increased rapidly to a peak in 2001 (E: 0.8 kha yr-1, S: 0.25 
kha yr-1, W: 0.06 kha yr-1). There is anecdotal evidence from the Forestry Commission that this was 
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due in part to felling of exotic conifers for heathland restoration.  The latest Forestry Commission data 
on unconditional felling licenses gives deforestation rates of 0.59 kha yr-1 in England,  0.199 kha yr-1in 
Scotland and of 0.04 kha yr-1 in Wales.  

Emissions from biomass burning are estimated using the rates described in the IPCC 1996 guidelines 
(IPCC 1997a, b, c), based on a mature broadleaf forest stand. Only immediate losses are considered 
because sites are normally cleared completely for development, leaving no debris to decay. Changes 
in soil carbon stocks after deforestation are estimated with the other land use transitions.  

This method is also used to estimate biomass burning emissions from Forest land converted to 
Settlements. Deforestation to Cropland in the UK since 1990 is negligible. 

1.10.4 5D Wetlands  

In previous inventories, data were not included for this category as Wetlands either fell within the 
Grassland category or open water, which is included in the Other Land category, due to the 
classifications in the land surveys used to construct the land use change matrix.   In this inventory, data 
on peat extraction is reported within the wetlands category for the first time. The annual volume of peat 
extraction in Scotland and England is obtained from the Business Monitor of Mineral Extraction in 
Great Britain (ONS, 2008). Extraction in Northern Ireland is estimated from a 1997 survey (Cruikshank 
and Tomlinson 1998). The volume extracted is variable in England (650,000 – 1,600,000 m3 yr-1) and 
Scotland (100,000-700,000 m3 yr-1) but constant in Northern Ireland (628,000 m3 yr-1). Fixed DA-
specific emission factors (Cruickshank and Tomlinson 1998) are used to estimate emissions from this 
activity.  Activity data for the area of offsite emissions from the extraction of horticultural peat were 
reported to be 4.57kha in England, 1.29 kha in Scotland, 0.48 kha in Wales and 1.03 kha and Northern 
Ireland.   

1.10.5 5E Settlements  

No changes in carbon stocks are reported for land In Settlements remaining Settlements. Methods for 
estimating changes in non-forest biomass and soils due to land use change to Settlements are 
described in the Land converted to Cropland section. Since 1990 an estimated 10.2 kha yr-1 have 
been converted to Settlements in England, 2.3 kha yr-1 in Scotland, 1.6 kha yr-1 in Wales and 1.6 kha 
yr-1 in Northern Ireland.  

The method used for estimating emissions from biomass burning from Forest land converted to 
Settlements (deforestation) is the same as that used for Forest land converted to Grassland. The 
activity data comes from the Ordnance Survey’s annual assessment of land use change for map 
updates (collected on behalf of the Department of Communities and Local Government) (DCLG 2008). 
Deforestation to Settlements is estimated to be the area that has moved from the forest land-use class 
to the non-rural land use class (see Levy and Milne 2004 for more details). At present, this data is only 
available for England for 1990-2005 (smoothed using a five-year moving average); estimates for 
Scotland and Wales are made by extrapolation from the English rates, assuming that England 
accounted for 72 per cent of deforestation, based on the distribution of licensed felling between 
England and the rest of GB in 1999 to 2001. Annual rates of deforestation to Settlements are variable 
but stable, with an average of 0.35 kha yr-1 for England, 0.11 kha yr-1 for Scotland and 0.03 kha yr-1 
for Wales. Deforestation is not currently estimated for Northern Ireland.  

The activity data for deforestation to Settlements come from a continuous rolling survey programme 
and were updated this year. This revision had a knock-on effect on other parts of the land use change 
matrix but the overall impact on emissions/removals was relatively small. 

1.10.6 5F Other Land  

No emissions or removals are reported in this category. It is assumed that there are very few areas of 
land of other types that become bare rock or water bodies, which make up the majority of this type. 

1.10.7 5G Other Activities  

Changes in stocks of carbon in harvested wood products (HWP) are reported here. The C-Flow model 
(described in the Forest land section) estimates changes in stocks of HWP produced from the 
management and harvesting of conifer and broadleaf forests planted since 1922. The activity data 
used for calculating this activity is the annual forest planting rates. For a given forest stand, carbon 
enters the HWP pool when thinning is undertaken (depending upon the species thinning first occurs c. 
20 years after planting) and when harvesting takes place. 
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According to this method the total HWP pool from UK forests is presently increasing, driven by 
historical expansion of the forest area and the resulting history of production harvesting (and thinning). 
The stock of carbon in HWP (from UK forests planted since 1921) has been increasing since 1990 but 
this positive stock change rate recently reversed, reflecting a severe dip in new planting during the 
1940s. The net carbon stock change in the HWP pool has returned to a positive value (i.e. an 
increasing sink) in 2007, and is forecast to increase sharply as a result of the harvesting of the 
extensive conifer forests planted between 1950 and the late 1980s. Different DAs have different 
patterns depending on their forest planting history. 

 

Ongoing Improvements in Data and Method Planned for the Next Inventory Cycle 

Forest Land 

The area reported under 5.A.1 Forest Remaining Forest is likely to be revised when the new National 
Forest Inventory becomes available. National forest statistics do not currently capture forest conversion 
to other land uses, so a separate adjustment is made to the forest areas and carbon stock changes 
reported in the inventory. The NFI map due in spring 2011 will establish a new baseline of the total 
forest area in the UK.  

Forest Research has been carrying out an analysis of Forestry Commission GB National Forest 
Inventory (NFI) data, for a base year of 2005, as well as records maintained in the Forestry 
Commission Sub-compartment Database (SCDB), for a base year of 2009, to establish the detailed 
composition of woodlands in England, Scotland and Wales in terms of tree species, growth rates and 
types of management. The SCDB (which covers slightly less than half of the forest area in Britain) 
gives detailed, stand-by-stand information about species, growth rate and management prescription. 
This is being combined with NFI data on the species composition of private woodlands to obtain an 
overall on the status and management of woodlands in England, Scotland and Wales. Contact has 
also been made with experts in the Northern Ireland Forest Service with the aim of undertaking a 
similar exercise for Northern Ireland. At the same time, the Forest Research CARBINE forest carbon 
accounting model has been significantly upgraded to enable the representation of a much more 
complete range of tree species and growth rates, as well as many more examples of management 
prescriptions involving different rotation periods, no thinning, thinning and, where appropriate, 
management according to continuous cover principles and even no management. New estimates 
based on this information and the supporting methodology should be available in the summer of 2011.  

Forest Research has been seeking to determine a better understanding of the contribution to the 
carbon balance made by woodlands established before 1921. This has involved analysing the Forestry 
Commission NFI data for the base year of 2005 in combination with Forestry Commission reports on 
areas of new planting since 1920. This also involves complex modelling of changes in the age class 
structure of forest areas, based on species composition, growth rate and management of woodland 
areas, in particular rotation periods. The aim is to factor out post-1920 woodlands from NFI data to 
obtain a picture of the age class structure, status and management of pre-1921 woodlands. An initial 
attempt to demonstrate proof of concept through development and application of an appropriate 
methodology to woodlands in Wales has been successful. The methodology is now being implemented 
in detail and applied to analysis of woodlands in England, Scotland and Wales. Contact has also been 
made with experts in the Northern Ireland Forest Service with the aim of undertaking a similar exercise 
for Northern Ireland. New estimates based on this analysis should be available in summer 2011.  

As described earlier, Forest Research is undertaking a major analysis of woodland areas in terms of 
species composition, growth rates, age class structure and management, with the aim of producing 
results by summer 2011. These results will be disaggregated to the level of each country (England, 
Scotland, Wales and Northern Ireland). At this point it will be appropriate to review the methodology 
and assess any impacts on reported and projected emissions and removals due to forestry.  

Forest Research has been analysing the spatial distribution of afforestation of soils, and the likelihood 
of associated drainage and fertilisation, with an initial focus on Scotland. The Scottish Soil Map 
Classification and the Forestry Commission National Forest Inventory (NFI) map for 2001 have been 
compared for this purpose, enabling woodland areas to be categorised according to coniferous, 
broadleaf or mixed species composition and association with deep or shallow peat soils and other 
major soil types (e.g. brown earths, surface water gleys etc.). Extant and historical Forestry 
Commission guidance on site establishment practices will be a strong indicator of drainage and 
fertilisation activities for the woodlands on different soil types. The impacts of woodland establishment 
(on different soil types) on fluxes of CO2 and non-CO2 greenhouse gases are also being assessed as 
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part of this study. The results of the analysis for Scotland should be available by Spring 2011. Work is 
about to start on a similar analysis for woodlands in Wales with the aim of completing an analysis for 
England, Scotland and Wales by Autumn 2011. Consideration is being given to extending this study to 
Northern Ireland.  

Improved representation of the fate of forest carbon following harvesting is being achieved by taking 
more detailed account of woodland composition and management, in particular patterns of thinning 
and clear felling (on appropriate rotations) as part of the analysis being carried out by Forest Research 
as described earlier. 

 

Cropland 

This category will be internally restructured in the next inventory submission, moving to the IPCC 20-
year default period for land remaining in the Land Converted to Cropland category. This will resolve the 
discrepancies between the areas reported in the CRF tables and those in the Land Use Transition 
Matrix tables in 1990-1991 and 2008-2009.   It is thought that these discrepancies arise because some 
cropland (and pasture grassland) is in multi-year rotations and these areas have therefore undergone 
several land use transitions between 1950 and the current inventory year (with the area changes being 
cumulatively reported in Category 5.B.2, Land Converted to Cropland). Restructuring will allow the total 
area of Cropland to be made consistent with the cropland area reported in the annual agricultural 
census or Countryside Survey. Soil carbon stock changes resulting from historical land use change will 
still be reported in the Cropland remaining Cropland category, and work is planned to resolve the 
rotational land use change issue. 

 The weighting used for changes in soil carbon density between different land use types is currently 
based on the 1990 and 1998 Countryside Survey data. This approach will be updated to include the 
2007 Countryside Data in the next inventory submission. No account is currently taken of other carbon 
stock changes in perennial woody biomass on cropland, for example fruit orchards or crops grown for 
biofuel production. The area of such crops is currently small (orchards cover 23.7 kha in 2008 or 0.4% 
of the total croppable area (Defra 2009)). This is an area of potential improvement in the inventory, 
although not a high priority.  

A literature review of non-forest biomass yield improvements will be undertaken and the carbon stock 
change calculations updated accordingly.  

A current development project is examining the scope for the effects of land management policies to 
be better reflected in the inventory. This has a particular focus on soil carbon. An assessment of the 
availability and quality of activity data and country-specific emission factors is necessary before this 
development can be implemented. A wider review of data sources is also in progress: this will be used 
to assess whether there are additional data sources that could be used in the inventory or contribute to 
uncertainty estimates. The review will also assess other models that could potentially be used, 
although a full methods comparison is beyond the intended scope of the review. 

 

Grassland 

This category will be internally restructured in the next inventory submission, moving to the IPCC 20-
year default period for land remaining in the Land converted to Grassland category. This will allow the 
reporting of areas to be made more consistent with other international reporting, in a similar manner to 
the planned changes to reporting cropland as outlined above.  

Input activity data for deforestation remain a problem but outputs from the National Forest Inventory 
and map may help to resolve this (see the Forest Land section for further information). The initial focus 
involves the comparison of snapshot woodland area maps from the Forestry Commission‘s NIWT 
(1995-1999) and the new NFI map. In principle, it should be possible to derive provisional deforestation 
estimates from such a comparison, however technical issues concerning the methods used to prepare 
the two maps are still being addressed. The publication of the new NFI map has been put back until 
mid-2011. The intention is that eventually deforestation estimates should be obtained directly from 
periodic National Forest Inventories (NFIs), as results from these become available.  

There is currently no national activity data for wildfires and controlled burning on non-forest land use 
types. There is a new Vegetation Fire Monitoring Standard in development which may produce useful 
data in the future but this will only cover England at first. We will investigate the potential for 
extrapolating burnt areas from the number of fire incidents, for which statistics are available. 
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Wetlands 

Work is in progress to develop the time series of areas undergoing peat extraction and post-extraction 
restoration, as suitable data is known to be available in Scotland and Wales. It may be possible to 
develop a Tier 2 methodology for this category that separates peatlands being converted for peat 
extraction from those already in production. The method combining site locations with Google Earth 
imagery could be extended to Northern Ireland if a similar register of commercial extraction sites is 
available. Further work on volume conversion factors for off-site emissions from horticultural peat has 
been undertaken and will be included in the next inventory submission.  Additional work on uncertainty 
analysis in this category is required.  The area of land converted to permanently Flooded Land is 
assumed to be small in the UK but activity data will be sought. We also plan to start reporting areas of 
open water in this category (rather than as part of the Other Land category). It is assumed that there 
are no emissions associated with such areas. 

 

Settlements 

This category will be internally restructured in the next inventory submission, moving to the IPCC 20-
year default period for land remaining in the Land converted to Settlement category.  

Input activity data for deforestation remain a problem but outputs from the National Forest Inventory 
and map may help to resolve this (see the Forest Land section and for further information). 

 

Other Land 

We have started reporting areas in the CRF Table for this category. The planned restructuring of the 
Cropland, Grassland and Settlement categories in the next inventory submission will improve 
consistency in area reporting. The intention is to start reporting areas of open water in the Wetlands 
category. 

 

Other Activities 

The emission factors and activity data for harvested wood products will be kept under review. A 
watching brief on the development of methods of HWP estimation has been maintained (Matthews 
2009). It is too early to proceed with full implementation of any specific method and preparation of 
estimates until methodologies have been agreed by the IPCC. 

 
1.11 WASTE 

1.11.1 Solid Waste Disposal on Land 
 
In the UK Inventory, emissions are estimated based on a model of methane production in landfill sites.  
The generation of methane is assumed to follow a first order model with different decay rates for 
different types of waste.  The model requires data on waste disposals and waste composition from 
1945 onwards. 
 
The UK GHGI waste model has been revised and updated during the 1990-2009 inventory cycle by 
Eunomia Research & Consulting.  This update incorporated a range of DA-specific data on waste 
composition, MSW arisings, and the report can be found at: 
 
http://decc.gov.uk/publications/DirectoryListing.aspx?tags=40 
 
The AEA team provided a suite of DA-specific waste sector datasets that have been incorporated into 
the landfill model revision funded by Defra during the 1990-2009 UK GHGI cycle. Consultation with 
waste sector experts during 2010 led to the collation of new information from recent waste survey and 
compositional studies including: MSW composition (Scotland WRAP study, Wales WRAP study), 
public sector waste arisings survey (Wales), Commercial & Industrial & Agricultural waste fate studies 
(Wales), Northern Ireland waste compositional study and Commercial & Industrial waste sector report. 

http://decc.gov.uk/publications/DirectoryListing.aspx?tags=40
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The revised model retains much of the design and functionality of the previous GHGI waste model, 
with no adjustment made for different proportions of waste disposal to landfill in each DA. Due to a lack 
of detailed local data, it has also had to be assumed that the degree of methane recovery is the same 
in each region.  
 
In the 1990-2009 DA GHGI compilation, data from the www.WasteDataFlow.org website have been 
used to estimate DA landfill activity. The Waste Data Flow website is used by Local Authorities to track 
progress towards waste sector objectives. Reports from the Waste Data Flow organisation have been 
reviewed, and these provide a more detailed split of waste disposal options undertaken in the DAs, 
with ultimate fate of municipal waste recorded against numerous options, primarily: recycling, landfill 
and incineration. Hence this source of data (which has limited data back to 1999) has been used to 
derive regional drivers for emissions of methane from landfill waste. Note that this method is still limited 
in its accuracy, as the lack of detailed local data necessitates that average UK waste composition and 
average UK methane recovery is still assumed within each DA. 
 
1.11.2 Waste Water Handling 
Emissions from waste-water handling are based on population statistics for the UK.  These are taken 
from the Office of National Statistics (ONS, 2009a) and assume that the application of different sludge 
treatment and disposal options is uniform across the UK.  There has been some improvement to the 
UK GHGI methodology for this source during the 1990-2009 cycle, but insufficiently complete DA-
specific data is currently available. Improvements to this source estimation method will be considered 
during the next inventory cycle but is dependent on accessing new data from water companies, notably 
those in England and Wales. 
 
1.11.3 Waste Incineration 
The UK Inventory reports emissions from the incineration of sewage sludge, municipal solid waste and 
some chemical waste.  Regional estimates are based on DEFRA (2010a) which reports data for the 
amount sewage incinerated for Scotland, Northern Ireland and England & Wales. 
 
Emission drivers from MSW Incinerators for 1990-1995 are based on capacity data for individual 
incinerators taken from RCEP (1993).  It is assumed there were no significant changes between 1990 
and 1995.  Estimates for recent years are based on plant capacity data (Patel, 2000).  All of the larger 
MSW incinerator plant have been re-fitted during the late 1990s to generate electricity and are 
therefore reported as power stations in the regional inventories. A handful of smaller waste incinerators 
(municipal, industrial and clinical) are used for district heating and are reported as commercial or 
miscellaneous.  The disaggregation of these smaller heat-generating plant is based on the same driver 
as for larger MSW incinerators, as there is no specific source of information that provides a more 
satisfactory estimation of the regional split.  The total consumption of these incinerators is reported 
within the Digest of UK Energy Statistics (DECC, 2010a). 
 
Emissions from clinical waste incineration are allocated to the regions based on a set of plant capacity 
data for 1998. Emissions data from chemical waste incineration are available for England and Wales 
only, based on data taken from the Pollution Inventory (Environment Agency,  2010a), and these data 
are used for the DA estimates also. Some chemical waste incineration takes place in Scotland but no 
emissions data are available, and hence the emissions contributed from this source are currently 
omitted from the Scottish inventory data. No chemical incinerators have been identified in Northern 
Ireland. 
 
1.12 UNCERTAINTIES 

1.12.1 Introduction 
The uncertainties in the UK Inventory are estimated using a Monte Carlo simulation.  Eggleston et al 
(1998) and Salway et al (2001) describe this in detail.  The method involves estimating the 
uncertainties in the activity data and the emission factors for all the emission source categories and 
then using a Monte Carlo simulation package to calculate the uncertainty in the emission totals.  In 
order to apply a similar approach to the DA GHG inventories, it is necessary to estimate uncertainties 
for the DA activity data (i.e. fuel consumption, production data).  The same emission factors are used 
in the DA inventories as in the UK Inventory, so their uncertainties are known.  In the UK Inventory 
uncertainties in the activity data for fuel use are estimated on the basis of the statistical differences 

http://www.wastedataflow.org/
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between fuel supply and demand data reported in the energy statistics.  However, such data is not 
available for the DA-specific activity data used.  Moreover, for some sources, no direct activity data is 
available at all, and it has been necessary to distribute the UK data using surrogate data (e.g. 
employment statistics). In such cases, it is impossible to say whether the surrogate statistics are an 
accurate indicator of fuel consumption. 
 
1.12.2 DA GHGI Uncertainty Estimation 
The uncertainties in the DA GHG inventories are also estimated using a Monte Carlo simulation.  In 
order to simplify the calculations, the source categories are broader than those used in the UK GHG 
Inventory simulation.  In the DA inventory simulation, the combustion categories are effectively the total 
consumption of a particular fuel.  This contrasts with the UK simulation where there is a further 
disaggregation into sectoral categories (e.g. power stations, refineries).  The rationale for this is that it 
is more practicable to estimate the uncertainty in the total consumption of a fuel in a region than to 
attempt to estimate uncertainties in diverse sectors where in some cases surrogates have been used. 
 
For each of the broad source categories, an estimate of the activity uncertainty has been made for 
Scotland, Wales, Northern Ireland, and Unallocated emissions.  The approach adopted was to 
estimate a factor to scale the UK uncertainty with, based on knowledge of the relative uncertainties of 
the DA estimates to each other, and to the UK total. 
 
The factors used to weight the uncertainties for each of the DAs have been reviewed as part of the 
model update.  The DA inventories have evolved since the uncertainty model was set up, and so some 
of the assumptions that were previously used are now no longer relevant. For example, different 
methods used to be used for fuel sales data in Northern Ireland and therefore the Northern Ireland 
estimate was assumed to be less uncertain than the other DAs.  Now that DECC regional energy 
statistics are used across all four DAs, this difference in uncertainty is no longer assumed. 
 
It is important to note that the uncertainties in the inventories for the UK, England, Scotland, Wales, 
Northern Ireland, Unallocated are inter-dependent, because:- 
 
UK Emissions = [England + Scotland + Wales + Northern Ireland + Unallocated] 
 
Therefore uncertainties from the UK, Scotland, Wales, Northern Ireland, and Unallocated emissions 
are estimated using the model, and uncertainty in the English emissions is calculated. 
 
In many of the non-combustion sources (e.g. industrial processes, coal mines) the overall uncertainty 
is dominated by the emission factor and the uncertainty in the activity data is not a determining factor. 
Therefore, there is unlikely to be any significant variation in uncertainties between DAs. In these cases, 
a low uncertainty for the activity data (say 1%) may be assumed for each DA, whilst the UK uncertainty 
for the emission factor is applied. 
 
For sources where the UK total is made up as a sum of the DA totals, such as agriculture or LULUCF, 
no additional uncertainty is introduced in the process of deriving the UK split, and therefore the UK 
uncertainty parameters are applied directly to the DA estimates. 
 
In the case of halocarbons and SF6 emissions it is not considered feasible to attempt to assume 
varying uncertainties across the DAs.  The F-gas uncertainties have been considered at a sector level. 
This means that the uncertainty for each sector emission at UK level has been applied to the DA 
estimates, so that the overall uncertainty for each of the F-gases reflects the mix of sources that are 
the most significant for each of the DAs, and their relative uncertainties. 
 
1.12.3 Trend Uncertainty Analysis 
The DA uncertainty model has been extended to provide estimates of the uncertainty in the emissions 
trend.  The model uses, where possible, the same principles as the UK uncertainty model, however, 
these estimates are currently indicative since it will take further improvement work to refine the 
estimates fully. 
 
In order to estimate the uncertainty on the trend, it was necessary to make an estimate of the 
uncertainty in the base year (1990 for CO2, CH4 and N2O, and 1995 for the F-gases).  This estimate is 
made for the UK Inventory, as part of the analysis presented in the National Inventory Report 
(MacCarthy et al., 2011).  Therefore, it was possible to make the DA uncertainty estimates using the 
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method described above in conjunction with the UK estimates for the base year.  The DA weighting 
factors were reviewed as part of this process, because changes to the source data and methods used 
across the time series mean that it is not always appropriate to apply the same weighting factor in the 
latest year as in the base year. 
 
In addition to the estimation of the uncertainty in each year, it was also necessary to consider 
correlations between sources across years.  The UK uncertainty model considers correlations in the 
estimates of 
 

• N2O from agriculture; 
• CH4 from landfills; 
• CH4 from leakage from the gas distribution network; and 
• N2O from waste water treatment. 
 

These correlations have been replicated in the DA model.  The uncertainty in the trend is particularly 
sensitive to the correlation in emissions from agricultural soils. 
 
The uncertainty in the trend between 2008 and 2009 has been considered.  However, the correlations 
between activity data and emission factors between adjacent years are not currently well understood, 
and it has therefore not been possible to produce a meaningful estimate at this time. 
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