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Preface

Preface

This is the United Kingdom’s National Inventory Report (NIR) submitted in 2017 to the United
Nations Framework Convention on Climate Change (UNFCCC). It contains national
greenhouse gas emission estimates for the period 1990-2015, and descriptions of the methods
used to produce the estimates. The report is prepared in accordance with decision 24/CP.19!
and includes elements required for reporting under the Kyoto Protocol, as outlined in the
Annotated outline of the National Inventory Report including reporting elements under the
Kyoto Protocol?. This submission constitutes the UK’s submission under the Kyoto Protocol.

The greenhouse gas inventory (GHGI) is based on the same datasets used by the UK in the
National Atmospheric Emissions Inventory (NAEI) for reporting atmospheric emissions under
other international agreements. The GHGI is therefore consistent with these other air
emissions inventories where they overlap.

The greenhouse gas inventory is compiled on behalf of the UK Department of Business,
Energy and Industrial Strategy (BEIS) Science and Innovation for Climate and Energy (SICE)
Directorate, by Ricardo Energy & Environment. We acknowledge the positive support and
advice from BEIS throughout the work, and we are grateful for the help of all those who have
contributed to this NIR. A list of the contributors can be found in Chapter 18.

The GHGI is compiled according to IPCC 2006 Guidelines (IPCC, 2006). Each year the
inventory is updated to include the latest data available. Improvements to the methodology are
backdated as necessary to ensure a consistent time series. Methodological changes are made
to take account of new data sources, or new guidance from IPCC, and new research,
sponsored by BEIS or otherwise.

1 FCCC Decision 24/CP.19. Revision of the UNFCCC reporting guidelines on annual inventories for Parties included in Annex
| to the Convention http://unfccc.int/resource/docs/2013/cop19/eng/10a03.pdf

http://unfccc.int/files/national_reports/annex_i_ghg_inventories/reporting_requirements/application/pdf/annotated_nir_outline
.pdf
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Units and Conversions

Units and Conversions

Emissions of greenhouse gases presented in this report are normally given in Gigagrammes
(Gg), Million tonnes (Mt) and Teragrammes (Tg). Global Warming Potental (GWP) weighted
emissions are also provided. To convert between the units of emissions, use the conversion
factors given below.

Prefixes and multiplication factors

Multiplication factor Abbreviation Prefix Symbol

1,000,000,000,000,000 10% peta P
1,000,000,000,000 10*2 tera T
1,000,000,000 10° giga G
1,000,000 108 mega M

1,000 10° kilo k

100 102 hecto h

10 10! deca da

0.1 10? deci d

0.01 10 centi c
0.001 10°% milli m

0.000,001 10° micro n

1 kilotonne (kt)=10° tonnes=1,000 tonnes

1 Mega tonne (Mt)=10° tonnes=1,000,000 tonnes

1 Gigagramme (Gg) = 1kt

1 Teragramme (Tg) = 1Mt

Conversion of carbon emitted to carbon dioxide emitted

To convert emissions expressed in weight of carbon, to emissions in weight of carbon dioxide,
multiply by 44/12.

Conversion of Gg of greenhouse gas emitted into Gg CO- equivalent
Gg (of GHG) * GWP = Gg CO; equivalent.

The GWP is the Global Warming Potential of the greenhouse gas. The GWPs of greenhouse
gases used in this report are given in Table 1.1.
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Common Abbreviations

Abbreviations

for Greenhouse Gases and Chemical

Compounds
Type of Formula or N
e ame
greenhouse gas abbreviation

Direct CHa, Methane
Direct CO> Carbon dioxide
Direct N2O Nitrous oxide
Direct HFCs Hydrofluorocarbons
Direct PFCs Perfluorocarbons
Direct NF3 Nitrogen trifluoride
Direct SFs Sulphur hexafluoride
Indirect CO Carbon monoxide
Indirect NMVOC Non-methane volatile organic compound
Indirect NOxy Nitrogen oxides (reported as nitrogen dioxide)
Indirect SO, Sulphur oxides (reported as sulphur dioxide)

HFCs, PFCs, NF; and SF¢ are collectively known as the ‘F-gases’.

IPCC categories

IPCC Category Source Description

1 Energy

1A Fuel Combustion Activities

1A1 Energy Industries

1Ala Public Electricity and Heat Production

1A1b Petroleum refining

1Alc Manufacture of Solid Fuels and Other Energy Industries

1A2 Manufacturing Industries and Construction

1A2a Iron and Steel

1A2b Non-ferrous Metals

1A2c Chemicals

1A2d Pulp, Paper and Print

1A2e Food Processing, Beverages and Tobacco

1A2f Non-metallic minerals

1A2gvii Mobile combustion in manufacturing industries and
construction

1A2gviii Stationary combustion in manufacturing and construction:
Other

1A3 Transport

1A3ai International Aviation

1A3aii Civil Aviation

1A3b Road Transportation

1A3c Railways

1A3di International Navigation

1A3dii National Navigation

1A3e Other (to be specified)

1A4 Other sectors
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Common Abbreviations

IPCC Category

Source Description

1A4a Commercial / Institutional Combustion
1A4b Residential

1A4c Agriculture / Forestry / Fishing

1A5 Other (not elsewhere specified)
1A5a Other, Stationary (including Military)
1A5b Other, Mobile (including military)

1B Fugitive Emissions from Fuels

1B1 Fugitive Emissions from Solid Fuels
1Bla Coal Mining and Handling

1B1b Solid fuel transformation

1Bl1c Other (to be specified)

1B2 Oil and natural gas

1B2a Ol

1B2b Natural gas

1B2c Venting and flaring

2A Mineral Products

2A1 Cement Production

2A2 Lime Production

2A3 Glass Production

2A4 Other Process uses of Carbonates

2B Chemical Industry

2B1 Ammonia Production

2B2 Nitric Acid Production

2B3 Adipic Acid Production

2B4 Caprolactam, Glyoxal and Glyoxylic Acid Production
2B5 Carbide production

2B6 Titanium Dioxide Production

2B7 Soda Ash Production

2B8 Petrochemical and Carbon Black Production
2B9 Fluorochemical Production

2B10 Other

2C Metal Production

2C1 Iron and Steel production

2C2 Ferroalloys Production

2C3 Aluminium Production

2C4 Magnesium Production

2C5 Lead Production

2C6 Zinc Production

2C7 Other Metal Production

2D Non-energy Products from Fuels and Solvent Use
2D1 Lubricant Use

2D2 Paraffin Wax Use

2D3 Other

2E Electronics Industry

2E1 Integrated Circuit or Semiconductor
2E2 TFT Flat Panel Display

2E3 Photovoltaics

2E4 Heat Transfer Fluid

2E5 Other
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Common Abbreviations

IPCC Category

Source Description

2F Product Uses as Substitutes for ODS
2F1 Refrigeration and Air Conditioning Equipment
2F2 Foam Blowing Agents

2F3 Fire Extinguishers

2F4 Aerosols

2F5 Solvents

2F6 Other

2G Other Product Manufacture and Use
2G1 Electrical Equipment

2G2 SFs and PFCs from Other Product Use
2G3 N2O from Product Uses

2G4 Other

2H Other

3 Agriculture

3A Enteric Fermentation

3B Manure Management

3C Rice Cultivation

3D Agricultural Soils

3E Prescribed Burning of Savannas

3F Field Burning of Agricultural Wastes

3G Liming

3H Urea Application

3l Other Carbon-containing Fertilisers

3J Other

4 Land use, land use change and forestry
4A Forest Land

4B Cropland

4C Grassland

4D Wetlands

4E Settlements

4F Other Land

4G Harvested Wood Products

4H Other

5 Waste

BA Solid Waste Disposal

5B Biological Treatment of Solid Waste

5C Incineration and Open Burning of Waste
5D Wastewater Treatment and Discharge
5E Other

6 Other
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Executive Summaries

Executive Summaries

ES.1.1 Background Information on Climate Change

Countries that have signed and ratified the Kyoto Protocol are legally bound to reduce their
greenhouse gas emissions by an agreed amount. A single European Union Kyoto Protocol
reduction target for greenhouse gas emissions of -8% compared to base-year levels was
negotiated for the first commitment period, and a Burden Sharing Agreement allocated the
target between Member States of the European Union. Under this agreement, the UK
reduction target was -12.5% on base-year levels. The first commitment period of the Kyoto
Protocol was from 2008 to 2012.

The second commitment period of the Kyoto Protocol applies from 2013 to 2020 inclusive.
For this second commitment period, the EU and the Member States communicated an
independent quantified economy-wide emission reduction target of a 20 percent emission
reduction by 2020 compared with 1990 levels (base year) (“the EU2020 target”). The EU2020
target is based on the understanding that it will be fulfilled jointly by the European Union and
the Member States. The EU2020 target is unconditional and supported by EU legislation in
place since 2009 (The EU Climate and Energy Package). This Kyoto target will cover the UK,
and the relevant Crown Dependencies and Overseas Territories for whom the ratification is
extended.

The Climate Change Act® became UK Law on the 26" November 2008. This legislation
introduced a new, more ambitious and legally binding target for the UK to reduce GHG
emissions to 80% below base year by 2050, with legally binding five year GHG budgets. The
independent Committee on Climate Change (CCC) was set up to advise the UK Government
on the setting and meeting of UK carbon budgets as well as monitoring progress against them
scope and level of UK carbon budgets.

Further information on the UK’s action to tackle climate change can be found on the following
Government Department websites:

https://www.gov.uk/government/organisations/department-for-business-energy-and-
industrial-strateqy

https://www.gov.uk/government/policies/adapting-to-climate-change

ES.1.2 Background Information on Greenhouse Gas Inventories

The UK ratified the United Nations Framework Convention on Climate Change (UNFCCC) in
December 1993, and the Convention came into force in March 1994. Parties to the Convention
are committed to develop, publish and regularly update national emission inventories of
greenhouse gases (GHGSs).

This is the United Kingdom’s National Inventory Report (NIR) submitted in 2017 to the
UNFCCC and convering both the UK’s submission under the Kyoto Protocol and the
Convention. It contains national greenhouse gas emission estimates for the period 1990-2015,
and the descriptions of the methods used to produce the estimates. The report is prepared in

3 Climate Change Act 2008.
http://www.legislation.gov.uk/ukpga/2008/27/contents
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accordance with decision 24/CP.19* and includes elements required for reporting under the
Kyoto Protocol.

The UK Greenhouse Gas Inventory is compiled and maintained by a consortium led by Ricardo
Energy & Environment — the Inventory Agency — under contract to the UK Department for
Business, Energy and Industrial Strategy (BEIS). Ricardo Energy & Environment is directly
responsible for producing the emissions estimates for CRF categories Energy (CRF sector 1),
Industrial Processes and Product Use (CRF Sector 2), and Waste (CRF Sector 5). Ricardo
Energy & Environment is also responsible for inventory planning, data collection, QA/QC and
inventory management and archiving. Aether, a member within the consortium, is responsible
for compiling emissions from railways and for the UK’s Overseas Territories (OTs) and Crown
Dependencies (CDs).

Forestry emissions and removals in the Land Use, Land-Use Change and Forestry sector
(CRF sector 4) are calculated by Forest Research and the remainder of the sector is calculated
and compiled by the UK Centre for Ecology and Hydrology (CEH), both partners within the
consortium. Agricultural sector emissions estimates (CRF sector 3) are produced by
Rothamsted Research, under contract to the UK Department for Environment, Food and Rural
Affairs (Defra).

BEIS, Defra and the Devolved Administrations also fund research contracts to provide
improved emissions estimates for certain sources such as fluorinated gases, landfill methane,
enteric fermentation and shipping; information from these programmes is fed into the inventory
via the national inventory system.

The inventory covers the seven direct greenhouse gases under the Kyoto Protocol (NF; was
included under the Doha Amendment). These are as follows:

Carbon dioxide (COy);

Methane (CHa);

Nitrous oxide (N2O);
Hydrofluorocarbons (HFCs);
Perfluorocarbons (PFCs);
Sulphur hexafluoride (SFs); and
Nitrogen trifluoride (NFs).

These gases contribute directly to climate change owing to their positive radiative forcing
effect. Also reported are four indirect greenhouse gases:

Nitrogen oxides;

Carbon monoxide;

Non-Methane Volatile Organic Compounds (NMVOC); and
Sulphur oxides (reported as SO5).

Emissions of indirect N.O from emissions of NOyx and NHs are also estimated as a memo item.
These emissions are not included in the national total.

Unless otherwise indicated, percentage contributions and changes quoted refer to net
emissions (i.e. emissions minus removals), based on the full coverage of UK emissions
including all relevant Overseas Territories and Crown Dependencies, consistent with the UK’s
submission to the UNFCCC under the Kyoto Protocol.

The UK inventory provides data to assess progress of the UK’s commitments under the Kyoto
Protocol, the UK'’s contribution to the EU’s targets under the KP, progress towards the UK

4 FCCC Decision 24/CP.19. Revision of the UNFCCC reporting guidelines on annual inventories for Parties
included in Annex | to the Convention http://unfccc.int/resource/docs/2013/copl19/eng/10a03.pdf
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Government’s own Carbon Budgets and to meet commitments as a as a Party to the UN
Framework Convention on Climate Change. Geographical coverage for these four purposes
differs to some extent, because of the following:

1) The UK Government Carbon Budgets apply to the UK only, and exclude all emissions
from the UK’s Crown Dependencies and Overseas Territories.

2) Kyoto Protocol coverage (the ‘GBK’ submission). For the second commitment period,
we report in this submission on the following provisional basis:

a. Crown Dependencies (Guernsey, Isle of Man and Jersey)
b. Overseas Territories (Cayman Islands, Falkland Islands and Gibraltar)

3) The MMR coverage (the ‘GBE’ submission). The UK's commitments under the EU
Monitoring Mechanism Regulation, which has been set up to enable the EU to monitor
progress against its Kyoto Protocol target, only includes the UK and Gibraltar, since
the Crown Dependencies and other Overseas Territories are not part of the EU.

4) UNFCCC coverage (the ‘GBR’ submission). The UK'’s ratification of the UNFCCC has
been extended to Bermuda, the Cayman Islands, the Falkland Islands, Gibraltar,
Guernsey, the Isle of Man and Jersey and the UK reports an inventory on this basis.

Emissions data for Coverage 1 are reported here for information and to facilitate comparison
between different publications. Coverage 2 is used for the data in the CRF tables submitted to
the UNFCCC under the Kyoto Protocol. Coverage 3 is used for the data in the CRF tables
submitted under the MMR. Coverage 4 is used for the data in the CRF tables submitted to the
UNFCCC under the Convention. Table ES 2.1 to Table ES 2.2 show CO, and the direct
greenhouse gases, disaggregated by gas and by sector for geographical Coverage 2. Table
ES 3.2 and Table ES 3.3 show emissions for the Kyoto basket based on Coverage 2 and 3,
respectively.

Table ES 4.1 has data on indirect greenhouse gas emissions, for geographical coverage 2.
ES.1.3 Background Information on Supplementary Information
Required under Article 7, paragraph 1, of the Kyoto Protocol.

Background information on supplementary information required under Article 7, Paragraph 1
of the KP is presented in Section 1.1.3.
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ES.2 SUMMARY OF NATIONAL EMISSION AND REMOVAL RELATED TRENDS, AND

EMISSIONS AND REMOVALS FROM KP-LULUCF ACTIVITIES

ES.2.1 GHG Inventory
Table ES 2.1

Crown Dependencies and relevant Overseas Territories, 1990-2015. (Mt CO; Equivalent)

Emissions of GHGs in terms of carbon dioxide equivalent emissions including all estimated GHG emissions from the

Mt CO2 Equivalent % change

Table ES2.1 1990 1995 2000 | 2005 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 2015 1990 -

2015

CO: (Inc. net LULUCF) 597.9 | 559.7 | 558.1 | 557.7 | 480.7 | 499.2 | 456.3 | 476.6 | 464.9 | 423.7 406.2 -32%
CO: (Exc. net LULUCF) 5946 | 559.1| 559.9 | 562.9 | 488.1 | 506.7 | 464.0| 483.6 | 473.0 | 432.7 415.1 -30%
CHa (Inc. net LULUCF) 135.3| 128.8| 111.0 89.3 72.4 68.2 65.3 62.4 57.2 54.4 52.6 -61%
CH4 (Exc. net LULUCF) 135.2 128.8 | 111.0 89.3 72.3 68.2 65.3 62.4 57.2 54.3 52.6 -61%
N2O (Inc. net LULUCF) 51.3 41.9 314 27.3 23.8 24.2 23.1 22.9 22.8 23.5 23.2 -55%
N->O (Exc. net LULUCF) 48.9 39.5 29.2 25.4 22.1 22.5 214 21.3 21.3 21.9 21.7 -56%
HFCs 14.4 19.1 9.9 13.1 15.6 16.5 14.9 15.5 15.8 16.0 15.9 11%
PFCs 1.7 0.6 0.6 0.4 0.2 0.3 0.4 0.3 0.3 0.3 0.3 -80%
SFe 1.3 1.3 1.8 1.1 0.6 0.7 0.6 0.6 0.5 0.5 0.5 -64%
NF3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6%
Total (Inc. net LULUCF) 801.8| 751.3| 712.8| 688.9 | 593.3| 609.0| 560.7 | 578.3| 561.5| 518.2 498.7 -38%
Total (Exc. net LULUCF) 796.1| 7483 | 7124 | 692.1| 598.9 | 614.8| 566.7 | 583.5| 568.0 | 525.7 506.0 -36%

1. One Mt equals one Tg, which is 102 g (1,000,000,000,000 g) or one million tonnes
2. Net Emissions are reported in the Common Reporting Format
3. Geographical coverage of this table includes the Crown Dependencies and the Overseas Territories which are provisionally included in the scope for the second

commitment period of the Kyoto Protocol.
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Table ES 2.1 presents the UK Greenhouse Gas Inventory totals by gas, including and
excluding net emissions from LULUCF. The largest contribution to total emissions is COo,
which contributed 81% to total net emissions in 2015. Methane emissions account for the next
largest share (11%), and N2O emissions make up a further 5%. Emissions of all of these gases
have decreased since 1990, contributing to an overall decrease of 38%.

ES.2.2 KP-LULUCF Activities

KP-LULUCF activities relate to estimated emissions and removals from:

e Article 3.3, the net emissions or removals of Afforestation, Reforestation and
Deforestation (ARD) since 1990; and

o Atrticle 3.4, the net flux due to Forest Management (FM) since 1990 (mandatory for the
second commitment period) and the elected activities of Cropland Management (CM),
Grazing Land Management (GM) and Wetland Drainage and Rewetting (WDR).
Accounting for emissions/removals from FM is on the basis of the Forest Management
Reference Level (FMRL) (projected emissions/removals 2013-2020 under business-
as-usual). Any additions to the UK’s assigned amount resulting from Forest
Management (removals exceeding the reference level) are capped at 3.5% of the
national total emissions excluding LULUCF in 1990 times eight (the number of years in
the second commitment period). There are insufficient data to allow reporting of
Wetland Drainage and Rewetting activities in this submission but a programme of
research and development is underway to enable reporting and accounting before the
end of the second commitment period.

e Both Afforestation/Reforestation (AR) and Forest Management (FM) total emissions
now include carbon stock changes in the Harvested Wood Products pool.

Table ES 2.2 details the emissions and removals from these activities which are included in
the UK’s emissions total for reporting under the KP.

Table ES 2.2 KP- LULUCF activities (Mt CO2e)

1990 [1991 (1992 (1993 |1994 |1995 (1996 (1997 |1998 [1999 (2000 | 2001

Article 3.3

Article 3.4 FMRL

Article 3.4 Technical
Correction to FMRL
Article 3.4 Forest
Management removals
compared to FMRL and
Technical
Correction(capped)
Article 3.4 Cropland
Management 15.2 {15.2 |15.3 |15.3 |15.6 [15.7 [16.1 |16.0 |16.1 |16.3 [6.4 [15.9 | 15.7
Article 3.4 Grazing Land
Management -75 |-75 |-7.3 |-7.2 |-70 |69 |-68 |-6.7 |6.6 |65 }[57 |58 |-5.8
Article 3.4 Wetland . " "
Drainage and Rewetting

2002 |2003 (2004 |2005 [2006 (2007 (2008 12009 (2010 |2011 (2012

Article 3.3 33 34 32 |31 [27 |26 [23 |23 |21 p5 |1.2
Article 3.4 FMRL

Article 3.4 Technical
Correction to FMRL

Article 3.4 Forest
Management removals
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compared to FMRL and
Technical Correction

(capped)

Article 3.4 Cropland 154 |15.2

Management

2005 |2006 |2007 [2008 (2009

14.6 |[14.3 (14.2

14.2

2010

141

2011

Article 3.4 Grazing Land |-5.8 |-5.8

Management

-6.0 |-6.0 [-6.1

-6.1

-6.2

Article 3.4 Wetland .
Drainage and Rewetting

2013

2014

2015

Article 3.3

0.9

0.5

0.1

Article 3.4 FMRL

-8.3

-8.3

-8.3

Article 3.4 Technical
Correction to FMRL

-7.6

-7.6

-7.6

Article 3.4 Forest
Management removals
compared to FMRL and
Technical Correction

(capped)

-3.7

-3.5

-2.8

Article 3.4 Cropland
Management

13.4

Article 3.4 Grazing Land
Management

-6.4

Article 3.4 Wetland
Drainage and Rewetting

*Not yet reported (data and methodology under development)

Article 3.4 FMRL-related cells for 1990-2012 are blanked out because the FMRL is only calculated from, and
applied, from 2013 onwards. Similarily for the Article 3.4 Technical Correction to FMRL cells (see section 11.5.2.3
for information on the technical correction to the FMRL calculated for the 2016 inventory).

ES.3 OVERVIEW OF SOURCE AND SINK CATEGORY
EMISSION ESTIMATES AND TRENDS, INCLUDING
KP-LULUCF ACTIVITIES

ES.3.1 GHG Inventory
Table ES 3.1 details total net emissions of GHGs, aggregated by IPCC sector.

Table ES3.1  Aggregated emission trends per source category, including all
estimated GHG emissions from the Crown Dependencies and selected
relevant Overseas Territories (Mt CO; equivalent).
Table ES3.1 Aggregated emission trends per source category (Mt CO2 equivalent)
Source

1990 | 1995 | 2000 | 2005 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
Category
1. Energy 609.1| 565.3| 558.8| 556.6| 486.0| 502.9| 460.8| 480.6| 466.9| 426.7| 409.1
2. Industrial
Processes and 66.5 60.8 40.6 39.7 32.8 35.5 32.0 32.3 34.4 34.1| 336
Product Use
3. Agriculture 53.6| 52.9| 49.9| 46.4| 44.2| 44.4| 443| 438| 44.1| 450 449
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Table ES3.1 Aggregated emission trends per source category (Mt CO2 equivalent)
Source

1990 | 1995 | 2000 | 2005 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 2015
Category
4. LULUCF 5.7 3.0 0.5 -3.2 -5.6 -5.8 -6.0 -5.2 -6.5 -7.4 -7.4
5. Waste 66.9 69.3 63.0 49.4 36.0 32.0 29.6 26.8 22.7 19.8| 184
Total (net

801.8| 751.3| 712.8| 688.9| 593.3| 609.0f 560.7| 578.3| 561.5| 518.2| 498.7

emissions)

Footnotes: Geographical coverage of this table includes the Crown Dependencies and Overseas Territories which
are provisionally included in the scope for the second commitment period of the Kyoto Protocol.

The largest contribution to greenhouse gas emissions is from the energy sector. In 2015 this
contributed 82% to the total emissions. Emissions of CO,, CH4 and N.O all arise from this
sector. Since 1990, emissions from the energy sector have declined by 33%.

The second largest source of greenhouse gases is the agricultural sector. Emissions from this
sector are mostly CH4 and N2O, with a small amount of CO.. Since 1990, emissions from this
sector have declined by 16%.

Industrial processes and product use makes up the third largest sector for greenhouse gas
emissions in the UK, contributing just under 7% to the national total in 2015. Emissions of all
seven direct greenhouse gases occur from this sector.

Land Use, Land-use Change and Forestry contains sinks as well as sources of CO; emissions.
LULUCF was a net sink in 2015. Emissions from this sector occur for CO2, NoO and CHa.

The remaining sector that contributes to direct greenhouse gas totals is waste. In 2015 this
contributed 4% to the national total. This sector leads to emissions of CO2, CH4 and N.O, with
emissions occurring from waste incineration, solid waste disposal on land and wastewater
handling. Emissions from this sector have steadily declined and in 2015 were 72% below 1990
levels.

Total net emissions have decreased by 38% since 1990.

ES.3.2 KP Basket and KP-LULUCF Activities

Table ES 3.2 presents final UK emissions for the first commitment period. The fixed base year
figure is taken from the 1990 — 2004 inventory and is the total used to calculate the UK’s
Assigned Amount. The 2008 — 2012 figures are the final, reviewed figures for the UK inventory
submitted in 2014. This was re-submitted following the UNFCCC review in September 2014,
therefore the figures differ from the NIR submitted in April 2014. Table ES 3.3 presents the
same information as Table ES 3.2 using MMR geographical coverage.

Table ES 3.4 presents the base year, and 2013 to 2015 emissions calculated from the 2017
inventory submission. KP LULUCF activities are defined differently under the second
commitment period — Article 3.3 now includes Harvested Wood Products (HWP), and Article
3.4 (Forest Management) now reports emissions relative to the Forest Management Reference
Level (FMRL). The FMRL does not apply prior to 2013, and therefore it is not appropriate to
report a full time series.

The data in this table are all taken from the 2017 inventory submission (1990 — 2015).

* The base year emissions are made up of 1990 emissions for CO,, CHs and N0, and
1995 for the F-Gases
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* Emissions are presented as Mt CO; equivalent, using GWP values taken from the
IPCC’s Fourth Assessment Report (AR4).

» Emissions and removals associated with KP-LULUCF enter the table only through the
rows labelled Article 3.3, Article 3.4 and Article 3.7. The definitions of Article 3.3 and
3.4 have changed from the first commitment period and so the time series is not
comparable. A technical correction (TC) to the FMRL has been calculated for the 2017
inventory, see Section 11.5.2.3.

* Geographical coverage of this table includes the Crown Dependencies Jersey,
Guernsey and the Isle of Man, and the Overseas Territories which are provisionally
included in the scope for the second commitment period of the Kyoto Protocol has been
extended. These are the Cayman Islands, Falkland Islands, and Gibraltar.

Table ES 3.5 presents the same information as Table ES 3.4 using MMR geographical
coverage.

Table ES 3.2 Kyoto basket of emissions, and emissions associated with

Articles 3.3, 3.4 and 3.7 for the first commitment period (in Mt CO;
equivalent) — KP1 Coverage.

Fixed base year 2008 | 2009 2010 2011 2012
CO2 536.7 | 487.4 | 505.0 | 464.0 | 483.4
CH4 62.8 | 59.4 56.7 54.8 52.8
N20 38.4 | 36.2 37.1 35.7 35.4
HFCs 12.8 | 13.2 13.6 13.8 14.0
PFCs 0.2 0.1 0.2 0.3 0.2
SFs 0.6 0.6 0.6 0.6 0.5
Grand Total 651.5|596.9 | 613.2 | 569.3 | 586.4
Article 3.3 -1.1 -1.3 -1.5 -1.7 -1.8
Article 3.4 (capped at -0.37 MtC) -1.4 -1.4 -1.4 -1.4 -1.4
Article 3.7
Kyoto Protocol Total 779.9 | 6489 | 594.3 | 610.3| 566.2 | 583.1

Footnotes:

The Fixed Base Year is taken from the UK’s Assigned Amount report. This report was submitted in 2006, based
on emissions reported in the 1990-2004 Greenhouse Gas Inventory, and was subject to an official review in
2007, which concluded that this figure was correct. This base year is now fixed, and is the value that the UK is
assessed against for its Kyoto Protocol first commitment period target.

Emissions for 2008 — 2012 are taken from the 2014 submission of the UK inventory, including the recalculation
of the inventory following the 2014 UNFCCC review.

Emissions are presented as Mt COz equivalent, using GWP values taken from the IPCC’s Second Assessment
Report.

Emissions and removals associated with LULUCF enter the table only through the rows labelled Article 3.3,
Article 3.4 and Article 3.7. The UK has chosen to account only for forest management under Article 3.4 during
the first commitment period.

Geographical coverage of this table includes the Crown Dependencies and the Overseas Territories which have
joined the UK’s instruments of ratification of the UNFCCC and first commitment period of the Kyoto Protocol.
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Table ES 3.3 Kyoto basket of emissions, and emissions associated with
Articles 3.3, 3.4 and 3.7 for the first commitment period (in Mt CO;
equivalent) - MMR Coverage.

Table ES3.3 Fixed base year 2008 2009 2010 2011 2012
CO:2 533.7 484.4 502.0 461.1 480.5
CHa 62.4 59.1 56.4 54.5 52.5
N20 38.2 36.1 37.0 35.6 35.3
HFCs 12.7 131 135 13.7 13.9
PFCs 0.2 0.1 0.2 0.3 0.2
SFs 0.6 0.6 0.6 0.6 0.5
Grand Total 647.8 593.4 609.7 565.8 582.9
Article 3.3 -1.1 -1.3 -1.5 -1.7 -1.8
Article 3.4 (capped at -0.37 MtC) -14 -14 -14 -14 -14
Article 3.7

Kyoto Protocol Total 776.3 | 6453 | 590.7 | 606.7 | 562.7 | 579.6

Footnotes:

e See table ES3.2 for full footnotes.
e The geographical coverage of this table is UK and Gibraltar only.

Table ES 3.4 Kyoto basket of emissions, and emissions associated with Articles 3.3,
3.4 and 3.7 for the secondcommitment period (in Mt CO, equivalent) -
KP2 coverage
Base year
(current 2013 2014 o015 | Base Year
. - 2015
inventory)
COz2 594.6 473.0 432.7 415.1 -30%
CHa 135.2 57.2 54.3 52.6 -61%
N20 48.9 21.3 21.9 21.7 -56%
HFCs 19.1 15.8 16.0 15.9 -17%
PFCs 0.6 0.3 0.3 0.3 -45%
SFs 1.3 0.5 0.5 0.5 -64%
NFs 0.0 0.0 0.0 0.0 -47%
Grand Total 799.7 568.0 525.7 506.0 -37%
Article 3.3
Article 3.4 Forest Management
removals and HWP compared
to FMRL and Technical
Correction to FMRL (capped)
plus Cropland Management
and Grazing Land
Management
Article 3.4 Cropland
Management
Article 3.4 Grazing Land
Management
Article 3.7

Kyoto Protocol Total

Footnotes:
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e The data in this table are all taken from the 2017 inventory submission (1990 — 2015).

e The base year emissions are made up of 1990 emissions for CO2, CHs4 and N20, and 1995 for the F-Gases

e Emissions are presented as Mt COz equivalent, using GWP values taken from the IPCC’s Fourth Assessment
Report (AR4).

e Emissions and removals associated with KP-LULUCF enter the table only through the rows labelled Article 3.3,
Article 3.4 and Article 3.7. The definitions of Article 3.3 and 3.4 have changed from the first commitment period
and so the time series is not comparable. A technical correction (TC) to the FMRL has been calculated for the
2017 inventory, see section 11.5.2.3.

e Geographical coverage of this table includes the Crown Dependencies Jersey, Guernsey and the Isle of Man,
and the Overseas Territories which are provisionally included in the scope for the second commitment period of
the Kyoto Protocol. These are the Cayman Islands, Falkland Islands, and Gibraltar.

Table ES 3.5 Kyoto basket of emissions, and emissions associated with Articles 3.3,
3.4 and 3.7 for the second commitment period (in Mt CO; equivalent) —
MMR Coverage

LR Base Year -

_ (current 2013 2014 2015 2015

inventory)
CO2 592.7 470.9 430.6 413.1 -30%
CHa 134.8 56.8 53.9 52.2 -61%
N20 48.7 211 21.8 21.6 -56%
HFCs 19.1 15.7 15.9 15.8 -17%
PFCs 0.6 0.3 0.3 0.3 -45%
SFe 1.3 0.5 0.5 0.5 -64%
NFs 0.0 0.0 0.0 0.0 -47%
Grand Total 797.2 565.3 522.9 503.5 -37%

Article 3.3

Article 3.4 Forest Management
removals and HWP compared
to FMRL and Technical
Correction to FMRL (capped)
plus Cropland Management
and Grazing Land
Management

Article 3.4 Cropland
Management

Article 3.4 Grazing Land
Management

Article 3.7

Kyoto Protocol Total

Footnotes:

e See table ES3.4 for full footnotes.
e The geographical coverage of this table is UK and Gibraltar only.

ES.4 OTHER INFORMATION

Table ES 4.1 lists the indirect greenhouse gases for which the UK has made emissions
estimates. Nitrogen oxides, carbon monoxide and NMVOCs are included in the inventory
because they can produce increases in tropospheric ozone concentrations and this increases
radiative forcing. Sulphur oxides are included because they contribute to aerosol formation.
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Table ES 4.1 Emissions of Indirect Greenhouse Gases in the UK, 1990-2015 (in kt).

Gas 1990 | 1995 | 2000 | 2005 | 2009 2010 2011 | 2012 | 2013 | 2014 | 2015

NOx 2927 | 2350 | 1823 | 1613 | 1166 1143 1064 | 1093 | 1038 959 919

CO 7417 | 6006 | 4083 | 2967 | 2098 2008 1828 | 1835 | 1801 | 1740 | 1669

NMVOC | 2949 | 2323 | 1633 | 1176 921 901 880 868 844 842 837

SO2 3693 | 2377 | 1225 712 401 424 393 440 380 306 236
Footnotes:

Geographical coverage of the emissions in the table includes emissions from the Crown Dependencies and Overseas Territories
which are provisionally included in the scope for the second commitment period of the Kyoto Protocol.

Since 1990, emissions of all indirect gases have decreased. The largest source of emissions
for all the indirect gases is the energy sector. For NOy, CO and SO,, over 80% of emissions
arise from activities within this sector. For NMVOC, 56% of emissions are from the industrial
processes and product use sector, with other significant contributions from the energy sector.
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Introduction 1

1 Introduction

This is the UK’s 2017 National Inventory Report (NIR). From 2008 onwards, the NIR contains
information required for reporting under the Kyoto Protocol as required by decision 15/CMP.15.

The National Inventory Report (NIR) is one element of the annual greenhouse gas (GHG)
inventory that is required to be submitted to the UNFCCC by signatories to the Convention on
15" April of each year. The NIR is compiled in accordance with the revised UNFCCC reporting
guidelines, see decision 24/CP.195.

The other elements of this submission include the reporting of GHG emissions by sources and
removals by sinks in the Common Reporting Format (CRF) tables, and any other additional
information in support of this submission.

The UK is a signatory to the Convention and is also a Party to the Kyoto Protocol. This means
the UK is required to report supplementary information required under Article 7, paragraph 1,
of the Kyoto Protocol’, with the inventory submission due under the Convention, in accordance
with paragraph 3(a) of decision 15/CMP.1. This NIR contains this supplementary information
in the appropriate sections.

1.1 BACKGROUND INFORMATION ON GREENHOUSE GAS
INVENTORIES, AND CLIMATE CHANGE

1.1.1 Background Information on Climate Change

Countries that have signed and ratified the Kyoto Protocol are legally bound to reduce their
greenhouse gas emissions by an agreed amount. A single European Union Kyoto Protocol
reduction target for greenhouse gas emissions of -8% compared to base-year levels was
negotiated for the first commitment period, and a Burden Sharing Agreement allocated the
target between Member States of the European Union. Under this agreement, the UK
reduction target was -12.5% on base-year levels. The first commitment period of the Kyoto
Protocol was from 2008 to 2012.

The second commitment period of the Kyoto Protocol will run for eight years, from 2013 to
2020 inclusive. For this second commitment period, alongside the EU and its member States,
the UK (including Gibraltar) communicated an independent quantified economy-wide emission
reduction target of a 20 percent emission reduction by 2020 compared with 1990 levels (base
year). The target for the European Union and its Member States is based on the understanding
that it will be fulfilled jointly with the European Union and its Member States. The 20 percent
emission reduction target by 2020 is unconditional and supported by legislation in place since
2009 (Climate and Energy Package). Once ratified this Kyoto target will cover the UK, and the
relevant Crown Dependencies and Overseas Territories to whom ratification has been

5 15/CMP.1 Guidelines for the preparation of the information required under Article 7 of the Kyoto Protocol.
http://unfccc.int/resource/docs/2005/cmpl/eng/08a02.pdf#page=54

6 24/CP.19 Revision of the UNFCCC reporting guidelines on annual inventories for Parties included in Annex | to the Convention
http://unfccc.int/resource/docs/2013/cop19/eng/10a03.pdf#page=2

7 Kyoto Protocol to the United Nations Framework Convention on Climate Change.
http://unfccc.int/resource/docs/convkp/kpeng.pdf
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extended. As ratification is not yet complete the exact details of the UK’s target for the second
commitment period are still being finalised.

The Climate Change Act® became UK Law on the 26" November 2008. This legislation
introduced a new, more ambitious and legally binding target for the UK to reduce GHG
emissions to 80% below base year by 2050, with legally binding five year GHG budgets. The
independent Committee on Climate Change (CCC) was set up to advise the UK Government
on the setting and meeting of UK carbon budgets as well as monitoring progress against them
scope and level of UK carbon budgets.

Further information on the UK’s action to tackle climate change can be found on the following
Government Department websites:

https://www.gov.uk/government/organisations/department-for-business-energy-and-
industrial-strateqy

https://www.gov.uk/government/policies/adapting-to-climate-change

1.1.2 Background Information on Greenhouse Gas Inventories
1.1.2.1 Reporting of the UK Greenhouse Gas Inventory

The UK ratified the UNFCCC in December 1993 and the Convention came into force in March
1994. Parties to the Convention are committed to develop, publish and regularly update
national emission inventories of GHGs.

The UK’s NIR is prepared in accordance with Decision 24/CP.19° and includes elements
required for reporting under the Kyoto Protocol, as outlined in the Annotated outline of the
National Inventory Report including reporting elements under the Kyoto Protocol°. In addition,
the UK also reports GHG emissions by sources and removals by sinks in the CRF tables. The
estimates are consistent with the IPCC 2006 Guidelines.

The UK Greenhouse Gas Inventory is compiled and maintained by a consortium led by Ricardo
Energy & Environment —the Inventory Agency - under contract to the Science and Innovation
for Climate and Energy Directorate in BEIS. Full details of the institutional arrangements for
the preparation of the GHG inventory are explained in Section 1.2.1.

This report and corresponding CRF tables provide annual emission estimates submitted by
the UK to the UNFCCC for the period 1990 to 2015. To fulfil both European Union Monitoring
Mechanism Regulation (MMR)* and UNFCCC reporting requirements the UK prepares three
sets of CRF tables and officially reports all sets. These three sets of tables present emission
estimates for different geographical coverages:

1. MMR CRF (the ‘GBE’ submission): Includes UK, and Gibraltar

8  Climate Change Act 2008.
http://www.legislation.gov.uk/ukpga/2008/27/contents

FCCC Decision 24/CP.19. Revision of the UNFCCC reporting guidelines on annual inventories for Parties included in Annex
| to the Convention http://unfccc.int/resource/docs/2013/cop19/eng/10a03.pdf

10 Annotated NIR outline:

http://unfccc.int/files/national_reports/annex_i_ghg_inventories/reporting_requirements/application/pdf/annotated nir_outline
-pdf

11 REGULATION (EU) No 525/2013 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 21 May 2013 on a
mechanism for monitoring and reporting greenhouse gas emissions and for reporting other information at national and
Union level relevant to climate change and repealing Decision No 280/2004/EC
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32013R0525&from=EN
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2. Kyoto Protocol CRF (the ‘GBK’ submission): Includes UK, Crown Dependencies
(Jersey, Guernsey, Isle of Man) and the Overseas Territories (Cayman Islands,
Falkland Islands, Gibraltar). Reporting under the first commitment period also included
Bermuda under this scope.

3. UNFCCC CRF (‘the ‘GBR’ submission): Includes UK, Crown Dependencies (Jersey,
Guernsey, Isle of Man) and the Overseas Territories (Bermuda, Cayman Islands,
Falkland Islands, Gibraltar). This scope is not included in the submission to the EU
under the MMR.

The main part of this report presents GHG emissions for the years 1990-2015, and discusses
the reasons for the trends and any changes in the estimates due to revisions made since the
last inventory. The Annexes provide supplementary detail regarding the methodology of the
estimates, and include sections on the estimation of uncertainties and atmospheric verification
of the inventory. Full time series of emission factors and other background data are included
on the NAEI website and are uploaded as part of the UK’s official submission.

The CRF consists of a series of detailed spreadsheets, with one set for each year. A copy of
the CRF for each reported geographical coverage accompanies this report, available on the
NAEI website.

1.1.2.2 Geographical coverage of UK emissions

The UK compiles and reports three different sets of CRF tables, each with a different
geographical coverage of emissions to fulfil the reporting requirements of the MMR, the Kyoto
Protocol, and the UNFCCC.

A major source of activity data for the UK inventory is provided by BEIS through the publication
of the Digest of UK Energy Statistics (DUKES) (see Table 1.6). The geographical coverage of
DUKES is the United Kingdom (BEIS, 2016). Shipments to the Channel Islands and the Isle of
Man from the United Kingdom are not classed as exports, and supplies of solid fuel and
petroleum to these islands are therefore included as part of the United Kingdom inland
consumption or deliveries.

The definition of the UK used by BEIS accords with that of the "economic territory of the United
Kingdom" used by the UK Office for National Statistics, which in turn accords with the definition
required to be used under the European System of Accounts (ESA95).

Depending on the required reporting framework, the geographical coverage of the UK
inventory presented in this NIR includes emissions from territories associated with the UK.
These are:

* Crown Dependencies (CDs)

The Crown Dependencies are the Isle of Man and the Channel Islands (Jersey and
Guernsey). They are not part of the United Kingdom, and are largely self-governing
with their own legislative assemblies and systems of law. The British Government,
however, is responsible for their defence and international relations. The Crown
Dependencies are not members of the European Union.

* Overseas Territories (OTs), formerly called Dependent Territories

The Overseas Territories are the Cayman Islands, Bermuda, Falkland Islands, and
Gibraltar. They are constitutionally not part of the United Kingdom. They have separate
constitutions, and most Overseas Territories have elected governments with varying
degrees of responsibilities for domestic matters. The Governor, who is appointed by,
and represents, Her Majesty the Queen, retains responsibility for external affairs,
internal security, defence, and in most cases the public service. Gibraltar is additionally
a member of the European Union.
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1.1.2.3 Greenhouse Gases Reported in the UK Inventory
The greenhouse gases reported are:
Direct greenhouse gases

Carbon dioxide (COy);

Methane (CHa);

Nitrous oxide (N20);
Hydrofluorocarbons (HFCs);
Perfluorocarbons (PFCs);
Sulphur hexafluoride (SFs); and,
Nitrogen trifluoride (NFs3).

Indirect greenhouse gases

Nitrogen oxides (NOy, as NOy);

Carbon monoxide (CO);

Non-Methane Volatile Organic Compounds (NMVOC); and,
Sulphur dioxide (SO5,).

These indirect gases have indirect effects on radiative forcing and estimates are requested by
the UNFCCC guidelines.

In addition to the gases listed above, Parties may also report indirect emissions of N,O
resulting from NOx and NHs emissions, from sources other than agriculture. These are included
in the UK’s inventory report and are reported as a memo item.

Emissions estimates are made using methodologies corresponding mostly to the detailed
sectoral Tier 2 or Tier 3 methods in the IPCC Guidelines.

Most sources are reported in the detail required by the CRF. The main exceptions are the
emissions from certain F-gas categories which are also considered commercially sensitive.
Consequently, emissions data have been aggregated to protect this information. Appropriate
steps to weight emission factors have been taken prior to aggregation, hence retaining the
completeness of the UK inventory.

1.1.2.4 Global Warming Potentials of the Greenhouse Gases

The direct greenhouse gases have different effectiveness in radiative forcing. The GWP is a
means of providing a simple measure of the relative radiative effects of the emissions of the
various gases. The index is defined as the cumulative radiative forcing between the present
and a future time horizon caused by a unit mass of gas emitted now, expressed relative to that
of CO.. It is necessary to define a time horizon because the gases have different lifetimes in
the atmosphere. Table 1.1 shows GWPs defined on a 100-year horizon (IPCC, 2007). These
are the GWP values required by FCCC/CP/2013/10/Add.3.

Table 1.1 GWP of Greenhouse Gases on a 100-Year Horizon used in the UK NIR
Gas GWP
Carbon dioxide CO; 1
Methane CH4 25
Nitrous oxide N.O 298
Hydrofluorocarbons
HFC-23 CHF3 14,800
HFC-32 CH:F2 675
HFC-41 CHsF 92
HFC-43-10mee CF3;CHFCHFCF.CF3 1,640
HFC-125 CoHFs 3,500
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Gas GWP
HFC-134 CaoH2F4 1,100
HFC-134a CaoHzF4 1,430
HFC-143 CaHsF3 353
HFC-143a CaHsF3 4,470
HFC-152 CH,FCHF 53
HFC-152a CoH4F2 124
HFC-161 CH3CH2F 12
HFC-227ea Cs3HF- 3,220
HFC-236¢ch CH,FCF.CF3 1,340
HFC-236ea CHF,CHFCF; 1,370
HFC-236fa CsH2Fs 9,810
HFC-245ca C3HsFs 693
HFC-245fa CHF,CH,CF3; 1030
HFC-365mfc CH3CF2CH2CF3 794
Perfluorocarbons

Perfluoromethane PFC-14 -CF, 7,390
Perfluoroethane PFC-116 - C,Fs 12,200
Perfluoropropane PFC-218 - CsFs 8,830
Perfluorobutane PFC-3-1-10 - C4F10 8,860
Perfluorocyclobutane PFC-318 - c-C4Fsg 10,300
Perfluouropentane PFC-4-1-12 - CsF12 9,160
Perfluorohexane PFC-5-1-14 - CsF14 9,300
Perfluorodecalin PFC-9-1-18b - CyoFis >7,500
Perfluorocyclopropanec c-CsFs >17,340
Sulphur hexafluoride

Sulphur hexafluoride | SFs | 22,800
Nitrogen trifluoride

Nitrogen trifluoride | NF3 | 17,200

By weighting the emission of a gas with its GWP it is possible to estimate the total contribution
to global warming of UK greenhouse gas emissions.

1.1.3 Background Information on Supplementary Information
Required under Article 7, paragraph 1, of the Kyoto Protocol

Information relating to the supplementary information required under Article 7, Paragraph 1 of
the Kyoto Protocol can be found in the relevant sections of this report.

Table 1.2 below summarises the background information relating to the supplementary
information and provides cross-references to appropriate parts of the report where more
detailed information is provided.

Table 1.2 Background information on supplementary information required under

Article 7, paragraph 1, of the Kyoto Protocol

Reporting element

Background information

Supplementary inventory
information for activities
under Article 3, Paragraphs
3and 4

The reporting of KP-LULUCF is carried out by the Centre for
Ecology and Hydrology (CEH) on behalf of BEIS. The UK has
chosen to elect Forest Management, Cropland Management,
Grazing Land Management and Wetland Drainage and Rewetting as
activities under Article 3.4. The calculations follow the same method
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Reporting element Background information

and use the same models as the UNFCCC estimates for LULUCF,
which are also prepared by CEH. Further information can be found
in Chapter 11.

Information on Kyoto The UK National Registry is operated and maintained by the
Protocol units Environment Agency on behalf of BEIS. Information on accounting
of Kyoto Protocol units, including a summary of information reported
in the standard electronic format (SEF) tables is provided in Chapter
12. SEF tables are reported alongside this report.

Changes in National The UK National System is managed and maintained by BEIS, who
Systems is the Single National Entity. Changes to the National System are
reported in Chapter 13 of this report.

Changes in National The UK National Registry is operated and maintained by the
Registry Environment Agency on behalf of BEIS. The National Registry is
represented on the National Inventory Steering Committee. All
changes in the National Registry are reported in Chapter 14.

Minimisation of adverse The UK has undertaken several assessments, reviews and analysis
impacts in accordance with projects to better understand the impacts its policies could have on
Article 3, Paragraph 14 developing countries, and how they could be addressed. We have

supported many initiatives to advance knowledge transfer, research
collaboration and capacity building. Further details on the UK’s
efforts to minimise adverse impacts is provided in Chapter 15.

1.2 INSTITUTIONAL  ARRANGEMENTS FOR INVENTORY
PREPARATION

1.2.1 Institutional, Legal and Procedural Arrangements for
Compiling the UK inventory

The UK greenhouse gas inventory is compiled and maintained by a consortium led by Ricardo
Energy & Environment — the Inventory Agency - under contract to the SICE Directorate in
BEIS. Ricardo Energy & Environment is responsible for producing the emissions estimates for
CRF categories Energy (CRF sector 1), Industrial Processes and Product Use (CRF sector 2),
and Waste (CRF Sector 5). Land Use, Land-Use Change and Forestry emissions (CRF
sector 4) are calculated by the UK Natural Environment Research Council’s Centre for Ecology
and Hydrology (CEH) with the support of Forest Research. The KP-LULUCF information is
also produced by CEH with the support of Forest Research. The mechanism for generating
the KP-LULUCEF data and the quality control and assurance procedures applied are an integral
part of the UK’s National System. Aether, a member of the consortium, is responsible for
compiling emissions from railways and for the OTs and CDs. Ricardo Energy & Environment
is also responsible for inventory planning, data collection, QA/QC and inventory management
and archiving.

Agricultural sector emissions (CRF sector 3) are produced by Rothamsted Research, under
contract to the Department for Environment, Food & Rural Affairs (Defra).
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1.2.1.1 The UK Greenhouse Gas National Inventory System (UK NIS)

The Marrakesh Accords of the KP (Decision 20/CP.7'?) define the requirements for National
Inventory Systems (NIS), including the need to establish legal, procedural and institutional
arrangements to ensure that all parties to the Protocol estimate and report their GHG
emissions in accordance with relevant decisions of the COP, facilitate UNFCCC Reviews and
improve the quality of their inventories. Under related EU legislation set out in Decision
280/2004/EC™ the UK was required to have in place its NIS by 315t December 2005. Figure
1. summarises the key organisational structure of the UK NIS and Section 1.2 includes further
detailed information on the roles and responsibilities of each of the key organisations.

Figure 1.2.1 Key organisational structure of the UK National Inventory System

Single National Entity
UK BEIS
(GHGI management team)

Energy, IPPU, LULUCF and Agriculture Key Data Providers
Waste KP-LULUCF Rothamsted BEIS, Defra, DfT,
Ricardo Energy & Centre for Ecology Research EA, SEPA, NRW,
Environment and Hydrology (CEH) NIEA, MPA, Tata
and Forest Research Steel, UK Oil and
Gas, UKPIA, CAA,

ISSB, BGS, ONS,

Ricardo Energy & Environment consortium SR
% Forestry Commission

Figure 1.1 shows the main elements of the UK National Inventory System, including provision
of data to the European Union under the terms of the Monitoring Mechanism Regulation. BEIS
is the Single National Entity responsible for submitting the UK's GHGI to the UNFCCC. The
Inventory Agency compiles the GHGI on behalf of BEIS, and produces disaggregated
estimates for the Devolved Administrations within the UK.

12 20/CP.7 Guidelines for national systems under Article 5, paragraph 1, of the Kyoto Protocol
http://unfccc.int/resource/docs/cop7/13a03.pdf

13 pecision No 280/2004/EC of the European Parliament and of the Council of 11 February 2004 concerning a mechanism for
monitoring Community greenhouse gas emissions and for implementing the Kyoto Protocol
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2004:049:0001:0001:EN:PDF
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Figure 1.1.2 Main elements for the preparation of the UK greenhouse gas inventory

BEIS contracts
1. Ricardo Energy & Environment

(Energy, IPPU, LULUCF, Waste inventories)
2. Various contractors

(Inventory improvement research)

EU
Monitoring
Mechanism
15 January
15 March

in progress

UNFCCC
15 April

DSA Development

Defra contract
Rothamsted Research
(Agriculture inventory)

Controlled

Ke
Y data flow . Agreements

BEIS zone . Ricardo zone
of authority

1.2.1.2 Legal Framework

The UK GHGI has been reported annually since 1994, and historically the acquisition of the
data required has been based on a combination of existing environmental and energy
legislation and informal arrangements with industry contacts and trade associations.

The legislation relied upon has been set up for other purposes, such as:

¢ Integrated Pollution Prevention and Control (IPPC) regulations (industrial point source
emission data from UK environmental regulatory agencies); and,

e Statistics of Trade Act (UK energy statistics from BEIS).
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To meet the standards required under the KP, the UK introduced new legislation specifically
for national inventory purposes which took effect from November 2005, This legislation
makes provision for BEIS’s Secretary of State to issue a notice in the event that information
required for the inventory that has been sought voluntarily is not provided. The UK values
voluntary participation and this legislation is intended as a last resort once all other avenues
to elicit the required data, in the format and to the timing specified, have failed. The legislation
includes penalties for failure to comply, and authority for entry to premises to obtain information
required or verify information provided. This legislation was updated in 2014 (The Greenhouse
Gas Emissions Trading Scheme (Amendment) Regulations 2014).

To ensure that the system works most effectively and to minimise the need for legislative
action, BEIS is establishing data supply agreements (DSAs) with relevant organisations to
build upon existing relationships with data supply organisations. These agreements formalise
the acquisition of data and clarify the main requirements of quality, format, security and timely
delivery of data for the national inventory. This process is on-going, through the National
Inventory Steering Committee which is a forum of inventory stakeholders that BEIS chairs (see
Section 1.2.2.4 below).

There are currently DSAs in place with the Scottish Government, SEPA, NIEA, NRW and DfT.

1.2.2 Overview of Inventory Planning

As summarised in Section 1.2.1, the UK has designhated authorities with clear roles and
responsibilities. The following sections summarise the roles and responsibilities of key
stakeholders in the UK’s National Inventory System (NIS).

1.2.2.1 Single National Entity — BEIS

In 2016, BEIS was created from the Department of Energy and Climate Change (DECC) and
the Department for Business, Innovation and Skills (BIS) and became the Single National
Entity for the UK. This has been confirmed in writing to the UNFCCC Executive Secretary.
BEIS has overall responsibility for the UK Greenhouse Gas Inventory and the UK National
System and carries out this function on behalf of Her Majesty’s Government and the Devolved
Administrations (Wales, Scotland and Northern Ireland). BEIS is responsible for the
institutional, legal and procedural arrangements for the national system and for the strategic
development of the national inventory.

Within BEIS, the SICE Directorate administers this responsibility. The SICE Directorate
coordinates expertise from across Government and manages research contracts to ensure
that the UK Greenhouse Gas Inventory meets international standards set out in the UNFCCC
reporting guidelines, the Kyoto Protocol and the IPCC 2006 Guidelines.

As the designated Single National Entity for the UK GHG NIS, BEIS has the following roles
and responsibilities:

National Inventory System management and planning

e Overall control of the NIS development and function;
¢ Management of contracts and delivery of the GHG inventory; and,
¢ Definition of performance criteria for NIS key organisations.

14 Greenhouse Gas Emissions Trading Scheme (Amendment) and National Emissions Inventory Regulations 2005
http://www.opsi.gov.uk/si/si2005/20052903.htm

UK NIR 2017 (Issue 2) Ricardo Energy & Environment Page 53


http://www.opsi.gov.uk/si/si2005/20052903.htm

Introduction 1

Development of legal and contractual infrastructure

¢ Review of legal and organisational structure; and,
¢ Implementation of legal instruments and contractual developments as required to
meet guidelines.

The contact point for the Single National Entity is provided on the Contacts page of the NIR.
1.2.2.2 Inventory Agency — Ricardo Energy & Environment Consortium

A new 3.5-year contract was established for the Inventory Agency in late 2016 following a
competitive tendering exercise. Ricardo Energy & Environment leads the consortium
responsible for compiling the inventory, under contract to BEIS. Ricardo Energy & Environment
is responsible for all aspects of national inventory preparation, reporting and quality
management. The consortium consists of:

¢ Ricardo Energy & Environment — lead contractor;

e CEH - overall responsibility for the LULUCF and KP-LULUCF estimates.

e [orest Research — responsible for forestland estimates that feed into the LULUCF
and KP-LULUCF estimates.

o Aether — responsible for estimates from railways and the Overseas Territories (OTs)
and Crown Dependencies (CDs); and, DA inventories.

¢ Ray Gluckman Consulting — contributions to the F-gas inventory.

Ricardo Energy & Environment together with the project partners prepares the National
Atmospheric Emissions Inventory (NAEI) which is the core air emissions database from which
the greenhouse gas inventory (GHGI) is extracted. This arrangement ensures consistency in
reporting across all air emissions for different reporting purposes (UNFCCC, UNECE etc.).
Activities include: collecting and processing data from a wide range of sources; selecting
appropriate emission factors and estimation methods according to IPCC guidance; compiling
the inventory; managing inventory QA/QC including QC of raw and processed data and data
management tools, documentation and archiving, prioritisation of methodology and data
improvements; carrying out uncertainty assessments; delivering the NIR (including CRF
tables) by deadlines set to the EU Monitoring Mechanism Regulation (MMR) and the UNFCCC
on behalf of BEIS; and assisting with Article 8 reviews under the KP.

As the designated Inventory Agency for the UK GHG National Inventory System, Ricardo
Energy & Environment has the following roles and responsibilities:

Planning

e Co-ordination with BEIS to deliver the NIS;

e Review of current NIS performance and assessment of required development action;
and,

e Scheduling of tasks and responsibilities to deliver GHG inventory and NIS.
Preparation

e Drafting of agreements with key data providers; and,

¢ Review of source data and identification of developments required to improve GHG
inventory data quality.

Management

e Documentation and archiving;
o Dissemination of information regarding NIS to Key Data Providers; and,
¢ Management of inventory QA/QC plans, programmes and activities.
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Inventory compilation

e Data acquisition, processing and reporting; and,
e Delivery of NIR (including associated CRF tables) to time and quality.

The Inventory Agency has formal systems in place to ensure that staff working on the inventory
are well trained and able to carry out their duties effectively and efficiently. The technical
competence of the staff is facilitated through a combination of the formal Ricardo Energy &
Environment and inventory-specific staff management and training systems. Roles and
responsibilities for all inventory team members are clearly defined, and a comprehensive
system of QA/QC is in place. Section 1.2.2.5 sets out the QA/QC plan in detail. Ricardo Energy
& Environment systems ensure subcontractors are managed actively and deliver inputs to the
inventory on time and to the specified quality.

The contact point for the Inventory Agency is provided on the Contacts page of the NIR.

Rothamsted Research, under contract to Defra, is responsible for the preparation and
development of the agriculture inventory. Rothamsted Research conducts specific research in
the agriculture sector and provides finalised GHG emissions data to Ricardo Energy &
Environment for inclusion within the UK GHG inventory.

Rothamsted Research are directly responsible for compiling the agriculture sections of the
CRF, and for maintaining documentation and archiving of their models and processes. Ricardo
Energy & Environment are responsible for checking consistency between outputs.

1.2.2.3 Key Data Providers and Reference Sources

The organisations that provide the raw data to the UK GHGI include a wide range of
Government Departments, non-Departmental public bodies and Government Agencies,
private companies and industrial trade associations.

Within the UK GHG National Inventory System, organisations that are Key Data Providers
have the following roles and responsibilities:

Data quality, Format, Timeliness, Security
o delivery of source data in the appropriate format and in time for inventory compilation,
allowing for completion of required QA/QC procedures;

e assessment of their data acquisition, processing and reporting systems, having regard
for QA/QC requirements;

e identification of any required organisational or legal development and resources to
meet more stringent NIS data requirements, notably the security of data provision in
the future; and,

e communication with BEIS, Ricardo Energy & Environment and their peers or members
to help to disseminate information regarding the GHG inventory and National System.

Energy statistics required for compilation of the GHGI are obtained from DUKES, which is
compiled and published annually by a team of energy statisticians within BEIS.

Information on industrial processes is provided either directly to the inventory agency by the
individual plant operators or from:

e The Environment Agency's (EA) Pollution Inventory for England,;

o Natural Resources Wales’s (NRW) Pollution Inventory for Wales;

e The Scottish Environment Protection Agency’s (SEPA) Scottish Pollutant Release
Inventory; and

e The Northern Ireland Environment Agency’s (NIEA) Northern Ireland Pollution
Inventory.
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Reporting to these UK inventories for the purposes of environmental regulation is a statutory
requirement for industries under the Industrial Emissions Directive (IED) and Integrated
Pollution Prevention and Control (IPPC). The data from these inventory sources is also used
to quality check data provided voluntarily by companies directly to Ricardo Energy &
Environment.

In addition, the inventory agency receives energy, fuel compositional data and emission
estimates from all UK installations that operate within the EU Emissions Trading System, from
detailed annual operator returns to the UK regulators of EU ETS (EA, SEPA, NRW, NIEA,
BEIS Offshore Inspectorate). These data are used by the inventory agency and the BEIS
energy statistics team to improve the UK energy balance and emission estimates for high-
emitting source categories in the Energy and IPPU sectors (see Annex 7 for further details).

The UK Natural Environment Research Council’s Centre for Ecology and Hydrology (CEH)
compiles estimates of emissions and removals from LULUCF as part of the Ricardo Energy &
Environment consortium using land-use data and information on forestry from the Forestry
Commission Research Agency (an executive agency of the Forestry Commission, known as
Forest Research), Government Departments, Devolved Administrations and from other
sources.

Rothamsted Research compiles the inventory for agricultural emissions using agricultural
statistics from Defra and the Northern Ireland Department of Agriculture, Environment and
Rural Affairs (NI DAERA).

1.2.2.4 The National Inventory Steering Committee, pre-Submission Review and
Approval of the UK GHGI

To meet the detailed requirements of a National System and to ensure the UK efficiently and
effectively works towards implementing best practices, a formal cross-Government body, the
National Inventory Steering Committee (NISC) was formed in 2006. The NISC is tasked with
the official consideration and approval of the national inventory prior to submission to the
UNFCCC. This pre-submission review is achieved at a NISC meeting prior to the finalisation
of the inventory, and any recalculations to the inventory are presented and discussed at this
meeting.

One of the main roles of the committee is to assist the BEIS GHG inventory management team
to manage and to prioritise the over-arching inventory QA and facilitate review and
improvement and better communication between inventory stakeholders across Government
Departments and Agencies.

Members of the Steering Committee include the Inventory Agency team at Ricardo Energy &
Environment, other contractors, plus appropriate sector, legal and economic experts. These
experts are responsible for reviewing methodologies, activity data, emission factors and
emission estimates at a sectoral level and report their findings and recommendations to the
steering committee on a regular basis. The committee is responsible for ensuring that the
inventory meets international standards of quality, accuracy and completeness, and is
delivered on time each year to the EU Monitoring Mechanism Regulation and the UNFCCC.
The NISC is responsible for agreeing the priorities for the UK GHGI improvement programme.
Where inventory improvement research is commissioned by the NISC, the research reports
are reviewed and approved for use within the UK GHGI compilation by members of the NISC,
managed by BEIS, as part of the pre-submission review process.

Table 1.3 and Table 1.4 below shows the main organisations engaged in the UK NISC, and
their roles and responsibilities in relation to the preparation and development of the national
inventory. These tables include organisations from the following categories, many of which are
classed as key data providers:

e Government Departments;
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e Government Agencies (e.g. environmental regulators);
e Industry bodies or associations; and,
e Consultants and invited experts.

The development of the inventory is driven through the NISC, which meets twice a year to
discuss the outcomes of recent peer, internal and expert reviews and to agree the prioritisation,
funding, implementation and review of items on the UK inventory improvement programme.
The Key Category Analysis and the uncertainty analysis, qualitative analysis from Inventory
Agency experts as well as recommendations from reviews of the UK GHG inventory are used
as guidance to help the members of the NISC make decisions on which improvements are the
most important. Key categories with high uncertainty are given priority over non-key categories
or categories with a low uncertainty. The annual inventory review feedback from the UNFCCC
and outcomes from QA/QC checks and reviews carried out under the MMR and ESD, as well
as sector-specific peer- or bilateral review findings are also considered to guide decisions on
UK GHGI improvement priorities.

Following a UN Expert Review Team recommendation, a qualitative uncertainty analysis of the
inventory is now implemented by the Inventory Agency. This qualitative uncertainty analysis
supports the Key Category Analysis and helps determine the highest priority emission sources
in the UK where methodological improvements could be applied to improve the accuracy of
emission estimates, or more detailed reporting used to improve transparency. This qualitative
assessment is conducted by experts of the inventory team within the inventory cycle, including
through a post-submission review of data sources, methods and feedback from the MMR and
UNFCCC ERTSs.

In spring each year, BEIS and the Inventory Agency hold a review meeting, at which the
findings of the EU and UN reviews, internal post-submission review and qualitative analysis of
source categories are discussed in order to develop a comprehensive list of inventory
improvement items for discussion, prioritisation and implementation via the NISC.
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Table 1.3 UK GHG National Inventory Steering Committee composition and responsibilities

Organisation

Role in relation to NISC

Key NISC responsibilities

BEIS - SICE Division

e GHG inventory manager

e Manager of GHG research
contracts

e BEIS annual climate change
statistics and indicators

e Administer functions of Single National Entity for the UK National
Inventory System

e Overall responsibility for inventory development, compilation and
reporting

e Manage GHG inventory research contracts

e Actas NISC Chair

e Ensure that UK GHGI conforms to EU and UN international standards
and requirements

Defra — Atmosphere and
Local Environment (ALE)

e AQ inventory manager
e Manager of AQ research contracts

e Ensure that UK AQ inventory conforms to EU and UN international
standards and requirements

e Overall responsibility for AQ inventory development, compilation and
reporting

e With BEIS, ensure coordinated approach to improvements across GHG
and AQ inventories, where relevant.

Defra

e Liaison between Defra and NISC

e Provide an analytical overview of all relevant Defra sectors
e Provide link with Defra climate change mitigation team

BEIS — Carbon Budgets

e UK Climate Change Programme
e Climate Change Act
e Carbon budgets

¢ Inform NISC of UK programme developments
o Explore links between inventory and carbon budgets and potential
requirements for either area

BEIS — National Climate
Change, Carbon Markets

e EUETS
e EU ETS Registry
e EC Effort Sharing Decision

e Provide EU ETS fuel use and fuel characterisation datasets for
determining industrial fuel use statistics and GHG emission from
combustion sources

e Provide updates of developments on the Effort Sharing Decision and
EU ETS and any implications for future reporting requirements

e Improve links between EU ETS registry and GHG inventory
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Organisation

Role in relation to NISC

Key NISC responsibilities

BEIS — International Climate
and Energy (ICE)

e International negotiations
e MMR
e UNFCCC

e Feed international emissions inventory expectations back to the NISC
to ensure the UK complies and develops the inventory accordingly
e Provide information on future international developments and changes

to expectations

e Provide advice on the implications of domestic changes to the

inventory in an international arena

BEIS — SICE Division

e LULUCEF Inventory manager

e Provide LULUCF inventory data that conforms to EU and UNFCCC

international standards and requirements
e Work with the NISC to ensure highest quality data

Defra — Farming and Food
Science

e Agriculture Inventory Manager

e Providing agriculture inventory data that conforms to EU and UN

international standards and requirements
o Waork with the NISC to ensure highest quality data

Defra — Water policy

e \Waste-water

e To provide water policy expertise to the inventory
e To assist in improving waste-water data quality

Defra — Waste

e \Waste

e To provide waste policy expertise to the inventory, including landfill

waste
e To assist in improving landfill waste data quality

BEIS — Energy Statistics
(DUKES)

e Energy statistics

e Annual publication of Digest of UK Energy Statistics (DUKES)
e Providing energy statistics to inform the UK inventory
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Organisation

Role in relation to NISC

Key NISC responsibilities

Regulators:

e Environment Agency for
England

e Natural Resources Wales

e Scottish Environment
Protection Agency

¢ Northern Ireland
Environment Agency

e Pollution inventory
e EU ETS Registry

¢ Management, compilation, QA/QC and reporting of pollutant emission
inventories/registers under IPCC regulations, and EU ETS annual
emission reporting

e Ensure that the pollutant emission inventories for industrial processes
regulated under IPC/IPCC (PI, SPRI, ISR) are presented in the
required format and timescale for inventory estimation and reporting

e Collate information in annual emission reports for EU ETS

BEIS Offshore Environmental
Inspectorate

e Offshore oil and gas

e Providing offshore oil and gas industry annual activity and emission
data to inform the UK inventory

¢ Regulation of the offshore oil and gas industry, including management
of the EEMS reporting system of environmental emissions from that
sector

Department for
Communities and Local
Government (DCLG)

e Housing statistics
e Local Government issues

e Publication of housing statistics each year; coordination of technical
requirements of local authorities to assist in action on climate change
e Providing housing statistics to inform the UK inventory

Department for Transport
(DfT)

e Transport

e Publication of transport statistics each year
e Providing transport statistics to inform the UK inventory

Devolved Administrations

e Inventories for Devolved
Administrations

e General review function for completeness and accuracy of inventory
from a devolved perspective

e Review aspects of the UK GHG inventory that correspond to devolved
issues, ensuring the integration of local datasets and specific research
where appropriate.
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Organisation

Role in relation to NISC

Key NISC responsibilities

GHG inventory contractor
(Ricardo Energy &
Environment)

UK greenhouse gas inventory o
compilation and development

Contractor responsible for the UK GHG inventory; activity data,
methods, emission factors, emissions estimation, reporting and
archiving

e Deliver annual NIR and CRF submission to the UN and EU

e Participate in sectoral expert panels as required

GHG inventory project
partners
(Aether)

e Inputs to greenhouse gas inventory | e
compilation and development

Contractor responsible for emissions from railways, and from Overseas
Territories and Crown Dependencies

e Joint role in managing the inventory improvement programme and
development of QA/QC procedures

GHG inventory project
partners
(CEH)

e LULUCEF inventory
e KP-LULUCEF inventory

e Contractor responsible for LULUCF inventory; activity data, methods,
emission factors and removals estimation

e Prepare and develop LULUCF inventory of emissions and removals
and deliver on time for incorporation into the national inventory

e Participate in sectoral expert panels as required

Agricultural inventory
contractor
(Rothamsted)

e Agriculture Inventory compilation .

and development

Contractor responsible for agriculture inventory; activity data, methods,

emission factors and emission estimation

e Prepare and develop agriculture inventory and deliver on time for
incorporation into national inventory

e Participate in sectoral expert panels as required

BEIS — Analysis

e Energy modelling and projections o

Produce UK COz: projections
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Table 1.4 Special Advisors to the UK GHG National Inventory Steering Committee

Organisation

Role in relation to NISC

Key NISC responsibilities

Met Office/University
of Bristol

e Atmospheric measurements and interpretation at Mace Head,
Ireland and other tall tower sites.

¢ Provide atmospheric measurements and
interpretation of these data collected at Mace
Head, for use in inventory data verification

e Prepare comparison between estimated and
observed emissions for the NIR

External reviewers

e Representation of industries, industry organisations and
independent experts in the development of the national
inventory

e Other experts or representatives may be asked to
participate in sectoral expert panels or to review
key sources or sources where significant changes
to methods, activity data or emission factors have
occurred e.g. ONS, UKPIA, Oil & Gas UK, Tata
Steel, Electricity Supply Industry, international
inventory experts etc.
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1.2.2.5 UK Inventory Improvement Programme

Each year the inventory is updated to include the latest data available. Improvements to the
methodology are made and are backdated to ensure a consistent time series. Methodological
changes are made to take account of new research and data sources, any new guidance from
IPCC, relevant work or emission factors from sources such as EMEP-EEA and the US EPA,
or from specific research programmes sponsored by BEIS and other UK Departments.

The UK NIS has a formal Inventory Improvement Programme, managed by the NISC. This
achieves the dual aims of (i) progressing research to improve the UK GHGI data quality, and
(ii) developing inter-Departmental/Agency working relationships to integrate inventory-related
information from across Government.

The NISC helps prioritise improvements across the inventory. These improvements are
designed to improve the transparency, accuracy, consistency, comparability, and
completeness of the inventory. Incremental improvements are made routinely to ensure the
inventory uses the most accurate activity data and emission factors. A detailed and prioritised
list of larger inventory improvement tasks is maintained by the Inventory Agency. The list is
kept under review continually, and is formally reviewed annually at a NISC meeting. This list is
prioritised by taking into account the Key Category Analysis (see Section 1.5), the quantitative
uncertainty analysis, sector and pollutant expert judgements, and the future obligations of the
inventory. The timing of the improvements and resourcing the work are important
considerations for the NISC. The Single National Entity takes the final decision on timing and
implementation of improvements to the inventory.

1.2.2.6 Integrated UK-DA GHGI improvement programme

The UK compiles a national level inventory, and in addition separate inventories for the
Devolved Administrations (DAs). A single improvement programme is in place to manage
improvements to these inventories.

During 2016-17, the integrated UK-DA GHGI improvement programme implemented a number
of specific research projects to address inventory uncertainties and reporting requirements,
including:

¢ Ammonia and methanol feedstocks — Estimates were made of the quantities of
natural gas used in the manufacture of methanol and estimates were made of the
guantities of carbon stored in methanol product and the quantities of CO, emitted
during the production of methanol in the UK.

¢ Inclusion of the impact of taxi use in road transport emissions — Greenhouse gas
emissions from London black cabs was calculated separately for the first time.
Emissions are aggregated to the passenger cars category and are not reported
separately.

e OT & CD update for agriculture and other sources — Methodology changes for
emissions arising from enteric fermentation, manure management, soils and
indirect emissions. Inclusion of estimates for several new sources, in particular
indirect N2O emissions of manure management systems and nitrogen input to soils
due to mineralisation.

e Shipping — the UK shipping inventory model is currently undergoing a review and
update. This is a longer term research project, which is expected to feed into the
next inventory submission in 2018.

e Forestland — The CARBINE-SCA (Soil Carbon Accounting) soil and litter model has
been integrated into the CARBINE forest carbon model used for the LULUCF
forestland estimates.
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Improvement priorities are discussed and agreed each April and incorporate the findings from
the latest UNFCCC review of the inventory. Following on from the 2016 UNFCCC review, the
following updates have been incorporated into this submission:

o Estimates of emissions of nitrous oxide from waste water decomposition now include
2 new parameters; Fnon-con and Fino-com Which accounts for unconsumed protein and
commercial and industrial loads on municipal waste water systems respectively. These
represent uplifts to the estimated N load in effluent and therefore higher N>O emissions.

e Emissions from lubricant used for energy purposes (recovered lubricants burned in
waste oil engines and intentional use of lubricants in 2 stroke engines) will be re-
allocated from non-energy use to sectors for reporting energy use. As this is only an
allocation issue the impact is not given below.

1.2.2.7 Agriculture inventory improvements

The UK GHG agricultural inventory is undergoing large improvements in order to better
guantify emissions and reduce uncertainty. A consortia representing a wide range of scientific
expertise has been put together to fulfil the requirements for improving the UK GHG agricultural
inventory. In addition to this planned programme of improvement, a number of revisions were
made to the inventory model for this reporting year to ensure compliance with the 2006 IPCC
Guidelines; see Section 5.1 for more information.

The agriculture improvement plan comprises:

1. Full implementation of the revised inventory structure providing improved spatial and
temporal disaggregation, improved representation of UK-specific practices including
uptake of relevant mitigation strategies and full accounting of nitrogen flows (including
ammonia, nitrous oxide, nitric oxide and dinitrogen emissions to the atmosphere,
nitrogen leaching to water and transformations between organic and inorganic forms
of nitrogen) through the livestock and manure management chain (based on the
outcome of Defra projects AC0114, AC0115 and AC0116).

2. Further improvement to the country-specific EF1 values for fertiliser applications,
representing the influence of soil and climatic factors to derive spatially disaggregated
emission factors (based on outcomes of Defra projects AC0116 and AC0114).

3. Implement UK-specific Tier 2 for enteric methane emissions from ruminant livestock
based on metabolisable energy balance (based on outcome of Defra projects AC0115
and AC0116).

4. Review manure management EF and replace with country-specific values where
sufficiently robust data exist.

5. Review UK livestock feed data and revise inventory parameters according to outcomes
of Defra project SCF0203.

6. Continue to review the scientific literature to revise and refine UK-specific emission
factors as relevant data arise.

1.2.3 Overview of Inventory Preparation and Management, Including
for Supplementary Information Required under Article 7,
Paragraph 1 of the Kyoto Protocol

For details of inventory preparation, see Section 1.3.

The Environment Agency is appointed as the UK Registry Administrator for the EU ETS/Kyoto
Registry by BEIS. The UK for this purpose comprises England, Wales, Scotland, Northern
Ireland, Offshore oil and gas installations and Gibraltar. The Environment Agency is a
Government Agency.
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Responsibilities of the Environment Agency include to:

¢ Manage the contractors responsible for maintaining the computer systems (Siemens
for software/hosting the Registry and Trustis for digital certificates);

e Conform to the Kyoto Protocol and the COP/MOP decisions as implemented by the
UNFCCC;

¢ Conform to the EU Registries Regulations as amended from time to time;
e Allow access for authorised users®.

e Act on instructions from Competent Authorities to manage accounts; and,
e Assist registry users.

1.3 INVENTORY PREPARATION

1.3.1 GHG Inventory

The present UK GHG inventory for the period 1990-2015 was compiled in accordance with the
2006 IPCC Guidelines for National Greenhouse Gas Inventories (IPCC, 2006).

1.3.2 Data collection, processing and storage

The data acquisition task provides the fundamental activity data from which the GHG inventory
is constructed. The process starts in June with the annual requests for data. A database which
contains a list of contacts and datasets is used to track progress of the data acquired.

The following activities are carried out each year, in order, as the inventory is compiled:
Method improvement

Improvements to calculation methods are implemented before the inventory is compiled.
These improvements are in part based on recommendations of UNFCCC reviews, EC reviews,
peer reviews, bilateral reviews and relevant research sponsored by BEIS, Defra or other
organisations.

Data request

Requests for activity data and background data are issued to a wide range of data suppliers.
Each request is issued with a unique code, and a database is used to track the request and
the data supplied from that request.

Data verification

Activity data received are examined. Anomalies are investigated, such as time series
discrepancies, or large changes in values from the previous to the current inventory year.

Data processing

Data are prepared to allow emissions of direct and indirect GHG to be estimated.
Emission estimation

Provisional emissions are estimated using the most recent activity data available.

15 Terms and Conditions at http://emissionsregistry.environment-agency.gov.uk/Default.aspx
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Emissions review

A series of internal reviews are carried out to detect anomalies in the estimates (time series
variations and year to year changes). Errors and omissions are then rectified.

Emissions reporting (including background data)

Estimates of emissions are prepared for the various reporting formats (e.g. IPCC, UNECE etc.
including differing geographical coverages).

Report generation

Draft reports are written to satisfy the reporting criteria of the various agencies, e.g. the
UNFCCC.

Report review

The reports are reviewed internally, by external contributing agencies, and by BEIS. Errors and
omissions are then rectified.

Report publication

Final reports and data sets are then submitted via approved reporting routes, published in print
and made available on publicly accessible web sites.

Data archiving

At the end of each inventory cycle, all data, spreadsheets, databases and reports are archived,
allowing all data to remain traceable, should it be needed in future years.

The system outlined above complies with the Tier 1 QA/QC procedures outlined in Volume 1,
Chapter 6 of IPCC, 2006.

Rothamsted Research and CEH, who are the sector experts for agriculture and LULUCF
(including KP LULUCEF), respectively, have their own systems in place for data collection. As
the Inventory Agency responsible for compiling the overall inventory estimates, Ricardo Energy
& Environment receives completed emission estimates from these organisations as part of the
annual data collection process.

Ricardo Energy & Environment has work programmes in place with CEH and Rothamsted to
help harmonise the quality systems used with those Ricardo Energy & Environment use in the
core GHG inventory.

1.3.3 Quality assurance/quality control (QA/QC) procedures and
extensive review of GHG inventory

The QA/QC plan for the UK inventory is explained in Section 1.2.2.5. Additional details of
QA/QC in the LULUCF and Agriculture sectors can be found in Chapter 6, Section 6.10 and
Chapter 5, Section 5.10 respectively.

1.4 METHODOLOGIES AND DATA SOURCES
1.4.1 GHG Inventory

The methods used to estimate emissions are described in detail in the relevant sections of this
report. The direct and indirect GHGs reported are estimated using methodologies which mostly
correspond to the detailed sectoral Tier 2/3 methods in the IPCC Guidelines.

Table 1.5 provides a brief summary of the methods used to estimate UK GHG emissions,
which are described in more detail in the subsequent Chapters and Appendices.
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Table 1.5 Summary of methods used to estimate emissions of the direct
greenhouse gases
CRF sector Comments on methods
1A e Basic combustion module (fuel use * emission factor);
Transport models (see MS 7, MS 8, and, MS 9); and,
e Carbon balance approach (See MS 4).
1B e Carbon Balance approach (See MS 4);
BEIS EEMS inventory (See MS 18); and,
Gas leakage data from network operators (See MS 20).
oA e Cement production; IPCC Tier 2 approach (see Section 4.2.2);
e Lime production: Approach is comparable to IPCC Tier 2, although the Tier 1
default factor is used in the reporting of emissions;
e Glass: IPCC Tier 2 approach, UK-specific factors from EU ETS;
e Brickmaking: IPCC Tier 2 approach, UK-specific factors from EU ETS; and,
e Other carbonates — FGD: Tier 1 approach for earlier part of time-series, Tier
2 for years covered by EU ETS.
oB O Emissions calculated based on emissions data from industry, EU ETS and
the environmental regulators’ inventories, except for:
e Use of EU and other MS statistics to estimate methanol manufactured in the
UK
e Use of IPCC default factors for CH4 from ethylene oxide, acrylonitrile, carbon
black in years where no environmental regulators’ inventories data available;
and,
e Use of IPCC default factor for CO2 from ethylene dichloride across full time-
series.
oC e Iron and Steel - 2 stage carbon balance and EU ETS/operator carbon factors
for carbonate use and arc furnaces (see MS 4);
e Spreadsheet model and operator reported emissions for aluminium and
magnesium production; and,
e Tier 1 approach for non-ferrous metal production.
2D e Emissions calculated based on IPCC defaults for non-energy use of fuels;
and,
¢ |IPCC method based as a proportion of the amount of fuel consumed for urea
consumption in road transport.
2E oF e Spreadsheet models to estimate emissions of F-gases.
2G e Spreadsheet models to estimate emissions of F-gases;
e NHS research into anaesthetic use;
e Pollution inventory data for other uses of N20; and,
e Statistics on cream consumption and Danish inventory assumptions for N2O
as a propellant for whipped cream.
3A e Emissions calculated based on animal population data and appropriate EFs.
3B e Emissions calculated based on animal population data and appropriate EFs.
3D e Emissions calculated based on animal population data, fertilizer data and
appropriate EFs.
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CRF sector Comments on methods
3F e Emissions calculated based on IPCC methodologies and USEPA EFs.
3G e Tier 1 approach for liming.
4 e Mathematical models used to estimate emissions and removals from Land-
Use and Land Use Change; and,
e CARBINE model used to estimate emissions and removals from Forestry,
provided by Forest Research.
5A e The Methane Emissions from Landfill model (MELmod).
5B e UK waste activity data and IPCC default emission factors.
5C e Country specific emission factors, partially based on Pollution Inventory data.
5D e |PCC default method using country specific activity data for all N2O and CH4
from private waste-water management systems and industrial waste-water
treatment; and,
e Data from operator returns to the regulator for water company waste-water
management.

The sources of data used are documented in the relevant sections of this NIR. Much of the
activity data are taken from the key publications listed in Table 1.6. All sources are updated
annually. References to these sources are hereafter abbreviated as shown in Table 1.6.

Table 1.6 Summary of sources of activity data used to estimate greenhouse gas

emissions

Source (and publisher)
Short name

Relevant activity data contained in the source

Digest of UK Energy Statistics

(UK Department of Energy and Climate
Change)

DUKES

e Energy statistics for the UK (imports, exports,
production, consumption, demand) of liquid, solid
and gaseous fuels; and,

e Calorific values of fuels and conversion factors.

Emissions Trading System

(EU ETS regulatory agencies in the UK;
data supplied via UK Department of
Energy and Climate Change)

EU ETS

e Emissions from installations and characteristics of
fuels consumed;

e Energy data are aggregated by sector and used to
inform inventory estimates; and,

e  Fuel quality data are used to derive up to date
carbon emission factors for major fuels in energy
intensive sectors.

Transport Statistics GB
(UK Department for Transport)
TSGB

e Vehicle km according to vehicle type and road type;

e Vehicle licensing statistics (split in vehicle km by
fuel type); and,

e Selected domestic and international civil aviation
aircraft km flown.
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Source (and publisher)
Short name

Relevant activity data contained in the source

Northern Ireland Statistics: Inventory
of Statutory Releases, transport data

(NI Department of the Environment, NI
Department for Regional Development)

ISR

. Traffic count and vehicle km data for Northern
Ireland; and,
e Information on regulated processes in NI.

Civil Aviation Authority
CAA

. Detailed domestic and international civil aviation
aircraft km flown.

Pollution Inventory

(Environment Agency and Natural
Resources Wales)

Pl

¢ Information on emissions from regulated processes
in England and Wales.

Scottish Pollutant Release Inventory

(Scottish Environment Protection
Agency)

SPRI

e Information on regulated processes in Scotland.

United Kingdom Petroleum Industry
Association

UKPIA

e Refinery emissions; and
e Lead and sulphur contents of fuels, benzene
content of petrol, RVP of petrol.

Environmental Emissions Monitoring
System (EEMS)

(BEIS Offshore Inspectorate)
EEMS

e Detailed inventory of oil and gas emissions.

UK Iron and Steel Industry Annual
Statistics

(International Steel Statistics Bureau)
ISSB

e  Energy production and consumption in the Iron and
Steel industry; and,

e  Other statistics regarding the Iron and Steel
industry.

United Kingdom Minerals Yearbook
(British Geological Society)
UKMY

e  Statistical data on minerals production,
consumption and trade.
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Source (and publisher) Relevant activity data contained in the source
Short name

Annual Abstract of Statistics *  Population data.

(Office for National Statistics)
ONS

e Automatic Number Plate Recognition (ANPR) data
used to help define fleet composition on different
ANPR road types in the UK.

Department for Transport

Key data sources within the Energy sector are further elaborated in Annex 3. These include
the annually updated data sets EEMS, the PI, SPRI and ISR listed above, and other one-off
studies that are used across a number of source categories (Baggott et al., 2004 and Entec,
2010). DUKES is described in more detail in Annex 4.

1.5 DESCRIPTION OF KEY SOURCE CATEGORIES
1.5.1 GHG Inventory

Key categories are defined as the sources of emissions that have a significant influence on the
inventory as a whole, in terms of the absolute level of the emissions, uncertainty or the trend.
Table 1.7 to Table 1.10 summarise the key source categories, for the latest reported year, and
the base year, derived from the IPCC Approach 1 and 2 key category analyses. Tables are
included for the analysis with and without LULUCF and for the base year and most recent year
estimated. Details of the key source category analysis are given in Annex 1. A trend cannot
be calculated for the base year alone, and so the tables for the base year only contain key
source categories identified by level.

A key category ranking has been carried out, this is set out in

Table 1.11 and is explained below; it is referred to in Table 3.1 when referencing which
categories are or contain key categories within the energy sector.

The Key Category Analysis (KCA) ranking system is an additional tool that the UK has
developed to aid in the prioritisation of improvement work. The KCA ranking system works by
allocating a score based on how high categories rank in the base year and most recent year
level assessments and the trend assessment for the approach 1 KCA including LULUCF. For
example if CO; from road transport liquid fuel use is the 4th highest by the base year level
assessment, 3rd highest by the most recent year level assessment and has the 5th highest
trend assessment then its score would be 4+3+5=12. The categories are then ranked from
lowest score to highest, with draws in score resolved by the most recent year level assessment.
The assessments excluding LULUCF are ignored for this exercise, as the LULUCF sectors
would only be included in half of the assessments and would therefore give an
unrepresentative weighting.

Following IPCC good practice, a qualitative analysis of the inventory has been made to identify
key categories. Details of this analysis are given in Annex 1. This has not identified any further
categories that are not already identified as part of the Approach 1 or Approach 2 analyses.
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Table 1.7 Key Source Categories for the latest reported year (including LULUCF)
IPCC Code IPCC Category Greenhouse Gas Identification
Criteria
1A Coal COz2 L2, T2
1A Natural Gas CO2 L2, T2
1A (Stationary)_Oil CO2 L2, T2
1A1 Energy industries: solid fuels CO2 L1, T1
1A1 Energy industries: liquid fuels COz2 L1, T1
1A1 Energy industries: gaseous fuels CO2 L1, T1
1A1 Energy industries: other fuels CO2 L1, T1
1Al & 1A2 & | Other Combustion N20 L2
1A4 & 1A5
1A2 Manufacturing industries and construction: solid | CO2 L1, T1
fuels
1A2 Manufacturing industries and construction: liquid | CO2 L1, T1
fuels
1A2 Manufacturing industries and construction: | CO2 L1, T1
gaseous fuels
1A3b Road transportation: liquid fuels COz2 L1, T1
1A3b DERV COz2 L2, T2
1A3b Gasoline/ LPG CO2 L2
1A3b DERV N20 L2, T2
1A3c Railways: liquid fuels COz2 L1, T1
1A3d Domestic Navigation: liquid fuels COz2 L1, T1
1A4 Other sectors: solid fuels CO2 L1, T1
1A4 Other sectors: liquid fuels COz2 L1
1A4 Other sectors: gaseous fuels CO2 L1, T1
1A5 Other: liquid fuels COz2 L1, T1
1B1 Coal mining and handling CHas T1,T2
1B2 Oil and gas extraction COz2 L1
1B2 Oil and gas extraction CHa L1, T1
2A1 Cement production COz2 L1
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IPCC Code IPCC Category Greenhouse Gas Identification
Criteria

2B Chemical industry HFCs T2

2B2 Nitric acid production N20 T1,T2

2B3 Adipic acid production N20 T1,T2

2B8 Petrochemical and carbon black production COz2 L1

2B9 Fluorochemical production HFCs, PFCs, SFs and NF3 T1

2C1 Iron and steel production CO2 L1, T1

2C6 Zinc production COz2 T1

2F Product Uses as Substitutes for ODS HFCs L2, T2

2F1 Refrigeration and air conditioning HFCs, PFCs, SFs and NF3 L1, T1

2F4 Aerosols HFCs, PFCs, SFs and NF3 T1

2G Other Product Manufacture and Use N20 L2, T2

3A Enteric Fermentation CHas L2, T2

3A1 Enteric fermentation from Cattle CHa4 L1, T1

3A2 Enteric fermentation from Sheep CHas L1, T1

3B Manure Management N20 L2

3B1 Manure management from Cattle CHas L1

3D Agricultural soils N20 L1, T1, L2, T2

4A Forest land CO2 L1, T1, L2, T2

4B Cropland COz2 L1, T1,L2, T2

4C Grassland CO2 L1, T1,L2,T2

4E Settlements CO2 L1, T1,L2,T2

4G Harvested wood products COz2 L1, L2

5A Solid waste disposal CHas L1, T1, L2, T2

5B Biological treatment of solid waste CHas T1,L2, T2

5B Biological treatment of solid waste N20 T2

5D Wastewater Handling CHa L1, T1, L2

5D Wastewater Handling N20 L2, T2
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Table 1.8 Key Source Categories for the base year (including LULUCF)

IPCC Code IPCC Category Greenhouse Gas Identification Criteria
1A Coal CO2 L2
1A Natural Gas CO2 L2
1A (Stationary) Oil CO2 L2
1A1 Energy industries: solid fuels CO2 L1
1A1 Energy industries: liquid fuels CO2 L1
1A1 Energy industries: gaseous fuels CO2 L1
1A1 & 1A2 & Other Combustion N20 L2
1A4 & 1A5
1A2 Manufacturing industries and construction: CO2 L1

solid fuels
1A2 Manufacturing industries and construction: CO2 L1

liquid fuels
1A2 Manufacturing industries and construction: CO2 L1

gaseous fuels
1A3b Road transportation: liquid fuels CO2 L1
1A3b Gasoline/ LPG CO2 L2
1A4 Other sectors: solid fuels CO2 L1
1A4 Other sectors: liquid fuels CO2 L1
1A4 Other sectors: gaseous fuels CO2 L1
1A5 Other: liquid fuels CO2 L1
1B1 Coal mining and handling CH4 L1, L2
1B2 Oil and gas extraction CH4 L1
1B2 Oil and gas extraction CO2 L1
1B2 Natural Gas Transmission CH4 L2
2A1 Cement production CO2 L1
2B Chemical industries CO2 L2
2B Chemical industry HFCs L2
2B2 Nitric acid production N20 L1, L2
2B3 Adipic acid production N20 L1, L2
2B8 Petrochemical and carbon black production | CO2 L1
2B9 Fluorochemical production HFCs, PFCs, SFs and NF3 L1
2C1 Iron and steel production CO2 L1
3A Enteric Fermentation CHas L2
3A1 Enteric fermentation from Cattle CH4 L1
3A2 Enteric fermentation from Sheep CHa4 L1
3B Manure Management N20 L2
3B1 Manure management from Cattle CHa4 L1
3D Agricultural soils N20 L1, L2
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IPCC Code IPCC Category Greenhouse Gas Identification Criteria
4A Forest land CO2 L1, L2
4B Cropland CO2 L1, L2
4C Grassland CO2 L1, L2
4E Settlements CO2 L1, L2
5A Solid waste disposal CHa4 L1, L2
5D Wastewater Handling CHg4 L1, L2
5D Wastewater Handling N20 L2

Table 1.9 Key Source Categories for the latest reported year (excluding LULUCF)

IPCC Code IPCC Category Greenhouse Gas Identification Criteria
1A Coal CO2 L2, T2
1A Natural Gas CO2 L2, T2
1A (Stationary) Oill CO2 L2, T2
1A1 Energy industries: solid fuels CO2 L1, T1
1A1 Energy industries: liquid fuels CO2 L1, T1
1A1 Energy industries: gaseous fuels CO2 L1, T1
1A1 Energy industries: other fuels CO2 L1, T1
1A1 & 1A2 & Other Combustion CHa L2
1A4 & 1A5
1A1 & 1A2 & Other Combustion N20 L2
1A4 & 1A5
1A2 Manufacturing industries and construction: CO2 L1, T1

solid fuels
1A2 Manufacturing industries and construction: CO2 L1, T1
liquid fuels
1A2 Manufacturing industries and construction: CO2 L1, T1
gaseous fuels
1A3a Domestic aviation: liquid fuels CO2 L1
1A3b Road transportation: liquid fuels CO2 L1, T1
1A3b DERV CO2 L2, T2
1A3b Gasoline/ LPG CO2 L2
1A3b DERV N20 L2, T2
1A3c Railways: liquid fuels CO2 L1, T1
1A3d Domestic Navigation: liquid fuels CO2 L1, T1
1A4 Other sectors: solid fuels CO2 L1, Tl
1A4 Other sectors: liquid fuels CO2 L1
1A4 Other sectors: gaseous fuels CO2 L1, T1
1A5 Other: liquid fuels CO2 L1, T1
1B1 Coal mining and handling CHa4 T1,T2
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IPCC Code IPCC Category Greenhouse Gas Identification Criteria
1B2 QOil and gas extraction CO2 L1
1B2 QOil and gas extraction CHa L1, T1
1B2 Natural Gas Transmission CHs L2
2A1 Cement production CO2 L1
2B Chemical industries CO2 L2
2B Chemical industry HFCs T2
2B2 Nitric acid production N20 T1, T2
2B3 Adipic acid production N20 T1,T2
2B8 Petrochemical and carbon black production CO2 L1
2B9 Fluorochemical production HFCs, PFCs, SFs and NF3 T1
2C1 Iron and steel production CO2 L1, T1
2C6 Zinc production CO2 Tl
2F Product Uses as Substitutes for ODS HFCs L2, T2
2F1 Refrigeration and air conditioning HFCs, PFCs, SFs and NF3 L1, T1
2F4 Aerosols HFCs, PFCs, SFs and NF3 T1
2G Other Product Manufacture and Use N20 L2, T2
3A Enteric Fermentation CH4 L2, T2
3A1 Enteric fermentation from Cattle CH4 L1, T1
3A2 Enteric fermentation from Sheep CHg4 L1
3B Manure Management N20 L2
3B1 Manure management from Cattle CH4 L1
3D Agricultural soils N20 L1, T1, L2 T2
5A Solid waste disposal CH4 L1, T1, L2, T2
5B Biological treatment of solid waste CHa T1,L2, T2
5B Biological treatment of solid waste N20 L2, T2
5D Wastewater Handling CHa L1, T1,L2
5D Wastewater Handling N20 L2, T2
Table 1.10 Key Source Categories for base year (excluding LULUCF)
IPCC Code IPCC Category Greenhouse Gas Identification Criteria

1A Coal CO2 L2
1A Natural Gas CO2 L2
1A (Stationary) Oill CO2 L2
1A1 Energy industries: solid fuels CO2 L1
1A1 Energy industries: liquid fuels CO2 L1
1A1 Energy industries: gaseous fuels CO2 L1
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IPCC Code IPCC Category Greenhouse Gas Identification Criteria
1A1 & 1A2 & Other Combustion N20 L2
1A4 & 1A5
1A2 Manufacturing industries and construction: COz2 L1

solid fuels
1A2 Manufacturing industries and construction: COz2 L1

liquid fuels
1A2 Manufacturing industries and construction: CO2 L1

gaseous fuels
1A3b Road transportation: liquid fuels CO2 L1
1A3b Gasoline/ LPG CO2 L2
1A4 Other sectors: solid fuels CO2 L1
1A4 Other sectors: liquid fuels CO2 L1
1A4 Other sectors: gaseous fuels CO2 L1
1A5 Other: liquid fuels CO2 L1
1B1 Coal mining and handling CH4 L1, L2
1B2 Qil and gas extraction CO2 L1
1B2 QOil and gas extraction CHg4 L1
1B2 Natural Gas Transmission CH4 L2
2A1 Cement production CO2 L1
2B Chemical industries CO2 L2
2B Chemical industry HFCs L2
2B2 Nitric acid production N20 L1, L2
2B3 Adipic acid production N20 L1, L2
2B8 Petrochemical and carbon black production CO2 L1
2B9 Fluorochemical production HFCs, PFCs, SFs and NF3 L1
2C1 Iron and steel production CO2 L1
3A Enteric Fermentation CH4 L2
3A1 Enteric fermentation from Cattle CH4 L1
3A2 Enteric fermentation from Sheep CHg4 L1
3B Manure Management N20 L2
3D Agricultural soils N20 L1, L2
5A Solid waste disposal CHa L1, L2
5D Wastewater Handling CHa L1
5D Wastewater Handling N20 L2
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Table 1.11 Key category ranking

fa(r:]ﬁ Ig:;i IPCC Category Greenhouse Gas
1 1A3b Road transportation: liquid fuels CO2

2 1A1 Energy industries: solid fuels CO2

3 1A4 Other sectors: gaseous fuels CO2

4 5A Solid waste disposal CH4

5 1A2 Manufacturing industries and construction: solid fuels CO2

6 1A1 Energy industries: liquid fuels CO2

7 1A1 Energy industries: gaseous fuels CO2

8 1A2 Manufacturing industries and construction: gaseous fuels | CO2

9 3A1 Enteric fermentation from Cattle CHas

10 1A2 Manufacturing industries and construction: liquid fuels CO2

11 3D Agricultural soils N20

12 4A Forest land CO2

13 1A4 Other sectors: solid fuels CO2

14 4B Cropland CO2

15 1B2 Oil and gas extraction CHa

16 1B1 Coal mining and handling CHa

17 4C Grassland CO2

18 4E Settlements CO2

19 1A4 Other sectors: liquid fuels CO2

20 2F1 Refrigeration and air conditioning HFCs, PFCs, SFe and NF3
21 2C1 Iron and steel production CO2

22 3A2 Enteric fermentation from Sheep CH4

23 1A5 Other: liquid fuels CO2

24 5D Wastewater treatment and discharge CH4

25 1A3d Domestic Navigation: liquid fuels CO2

26 1B2 Oil and gas extraction CO2

27 3B1 Manure management from Cattle CHa

28 2B9 Fluorochemical production HFCs, PFCs, SFs and NF3
29 1A3c Railways: liquid fuels CO2

30 1A3a Domestic aviation: liquid fuels CO2

31 2F4 Aerosols HFCs, PFCs, SFs and NFs
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fa(riﬁ Ig&i IPCC Category Greenhouse Gas
32 1A1 Energy industries: other fuels CO2
33 2B8 Petrochemical and carbon black production CO2
34 4G Harvested wood products CO2
35 2A1 Cement production CO2
36 2B2 Nitric acid production N20
37 2B3 Adipic acid production N20
38 5B Biological treatment of solid waste CH4
39 2C6 Zinc production CO2

1.5.2 KP-LULUCF analysis

A separate uncertainty analysis has been completed for the Key Categories for LULUFC
activities under the KP. The full details of this analysis are given in CRF Table NIR 3,
reproduced in Table A 1.8.1 in Annex 1. This analysis indicates the key categories of
emissions and removals are (KP category, associated UNFCCC category, gas):

Afforestation and Reforestation, Conversion to Forest Land, COy;
Deforestation, Conversion to Grassland, Conversion to Settlements, COg;
Forest Management, Forest Land, COg;

Cropland Management, Cropland, CO3; and,

Grazing Land Management, Grassland, CO.,

1.6 QUALITY ASSURANCE AND QUALITY CONTROL (QA/QC)

This section presents the QA/QC system for the UK greenhouse has inventory (GHGI),
including the approaches used for verification and treatment of confidentiality issues. The
current system complies with the Tier 1 procedures outlined in the Guidelines (IPCC, 2006)
and has been extended to include a range of bespoke sector specific QA/QC activities to
comply with Tier 2. Ricardo Energy & Environment, the Inventory Agency, is also fully
accredited to BS EN ISO 9001:2008 (see Box 1.1). This accreditation provides additional
institutional standards which the inventory agency has to apply to all projects and ensures that
the wider company conforms to good practice in project management and quality assurance.

1.6.1 Description of the current QA/QC system

The National Atmospheric Emissions Inventory and the UK Greenhouse Gas Inventory are
compiled and maintained together by Ricardo Energy & Environment (the Inventory Agency),
on behalf of the UK Department for Business, Energy & Industrial Strategy (BEIS) and the
Department for Environment, Food and Rural Affairs (Defra). Ricardo Energy & Environment
prepares the GHG submissions to the EC under the MMR and to the UNFCCC. The data
compilation for some source sectors of the UK inventory are performed by other contractors
(i.e. Rothamsted Research compile the agriculture sector under contract to Defra, and CEH
compile the land use, land-use change and forestry sector under sub-contract to Ricardo
Energy & Environment). Much of the data received by Ricardo Energy & Environment for the
UK GHGI compilation come from other government departments, agencies, research
establishments or consultants working on behalf of UK government or for trade associations.
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Some of the organisations (e.g. BEIS, the Office of National Statistics and British Geological
Survey) qualify as the UK’s National Statistical Agencies referred to in the Guidance and abide
by strict statistical QA/QC standards. Other organisations (e.g. CEH, providing the LULUCF
estimates and the Environment Agency, providing regulated point source data) supply
important datasets for the Inventory and have their own QA/QC systems. CEH is implementing
a QA/QC system for LULUCF following the methodology of Ricardo Energy & Environment
(detailed below). Whilst these organisations have their own QA/QC systems, Ricardo Energy
& Environment is responsible for co-ordinating inventory-wide QA/QC activities relating to the
submitted datasets. In addition, Ricardo Energy & Environment is working continuously with
organisations supplying data to the GHG inventory to encourage them to demonstrate their
own levels of QA/QC that comply with either 2006 IPCC Guidelines or the UK’s National
Statistics standards.

The UK inventory QA/QC system encompasses a wide range of activities to cover:

e inventory planning tasks, including: review of historic data and methods, identification
of improvement priorities, data and method selection, inventory team training and
development;

e inventory compilation and reporting tasks, including: management and documentation
of data flows from raw data through calculation of emission estimates to reporting,
input data requests/acquisition, management of compilation processes and quality
checking systems, documentation of data, methods and assumptions, assessment of
key source categories and uncertainties, reporting of inventory outputs;

e inventory checking tasks, including: raw data checks, inventory model / calculation
checks, source-specific and cross-cutting output checks, checking reasons for
changes compared to previous inventory estimates, emission trend checks, emission
factor checks; and,

e inventory QA review tasks, including: pre-submission reviews, post-submission
reviews, peer reviews, bilateral reviews, expert reviews.

1.6.1.1 Overview of the UK QA/QC plan

An overview of the UKs GHGI QA/QC system is illustrated in Figure 1.2 below. The UK
inventory QA/QC system includes three core components.

1. The QA/QC Plan is a document maintained by the GHGI's QA/QC manager (at Ricardo
Energy & Environment) and defines the specific Quality Objectives and QA/QC
activities required in undertaking the compilation and reporting of GHG estimates. The
plan sets out source-specific and general (cross-cutting) activities to ensure that quality
objectives are met within the required inventory reporting time-frame. The QA/QC plan
also assigns roles and responsibilities for the inventory agency team, and records the
key outcomes from inventory QA activities in order to underpin a programme of
continuous improvement.

2. QA/QC implementation includes the physical undertaking of the QA/QC activities
throughout the data gathering, compilation and reporting phases of the annual
inventory cycle and in accordance with the QA/QC plan.

3. Documentation and Archiving. Documentation is embedded within the UK’s
compilation tools. The NIR transparently describes the data sources, methods,
assumptions and QA/QC implementation used in producing the GHG inventory
including records of activities undertaken, findings/issue logs, recommendations and
any necessary actions taken or planned. Archiving ensures a complete backup and
storage of all material used for the compilation of the estimates.
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Figure 1.2: QA/QC system used within UK greenhouse gas inventory
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Box 1.1: BS EN ISO 9001:2008 Accreditation

In addition to the UK’s own GHGI specific QA/QC system, through Ricardo Energy &
Environment, the Inventory has been subject to ISO 9000 since 1994 and is how subject
to BS EN ISO 9001:2008. It is audited by Lloyds Register Quality Assurance (LRQA) and
the Ricardo Energy & Environment internal QA auditors. The NAEI has been audited
favourably by LRQA on four occasions in the last 12 years. The emphasis of these audits
was on authorisation of personnel to work on inventories, document control, data tracking
and spreadsheet checking, and project management. As part of the Inventory management
structure there is a nominated officer responsible for the QA/QC system — the QA/QC Co-
ordinator. Ricardo Energy & Environment is currently accredited to BS EN 1SO 9001:2008.
Lloyds Register Quality Assurance carried out a three yearly recertification audit of Ricardo
Energy & Environment in September and October 2014. Ricardo Energy & Environment
successfully passed the recertification, with no major non compliances, and a new
certificate was issued. Ricardo Energy & Environment is currently certificated both for the
Quality Assurance ISO 9001:2008 and Environmental Management System ISO 14001
standard.

Specific details of the QA/QC plan, implementation, documentation and archiving are
provided below.

1.6.1.2 Scope of the QA/QC plan
The scope of the QA/QC plan includes:

1. Calculation of greenhouse gas estimates and reporting to UNFCCC and MMR
(including emissions and removals from all sources and gases)

2. Calculation of air pollutant estimates and reporting to UNECE (including emissions
from all sources and pollutants)

3. Calculation of estimates and reporting to UK National Statistics

4. ldentification and phased implementation of incremental improvements to the QA/QC
system.

1.6.2 Improvements to the QA/QC System

The QA/QC plan and procedures are constantly subject to review and improvement. In 2014,
BEIS (formerly DECC) and Defra commissioned an independent review of the NAEI QA
architecture, through a series of audits on 15 of the NAEI models. The review was conducted
by Hartley McMaster, and was aimed at assessing the NAElI QA systems against the
requirements of IPCC guidance, BEIS model QA guidance and the wider Government
guidelines for model integrity (HMT Aqua Book). The findings of the HM review have
underpinned several of the QA system improvements implemented by Ricardo in the 1990-
2015 inventory compilation cycle, and further model-specific QA improvements may be
considered for future work.

In May 2015, the UK took part in a multi-lateral review hosted by the German inventory agency,
engaging with the QA managers from the inventories of the Netherlands, France, Germany
and Denmark. The main objective of the review was to exchange examples of best practice
and different country approaches to implementing the new 2006 IPCC GLs for QAQC. In
particular, several areas of ambiguity in the GLs were discussed and a common view sought
on how to address and prioritise the new QA guidance.

The following is a list of the main improvements made to the inventory QA/QC system during
the 2017 submission:

e Enhancements to the central QA/QC dashboard developed to track and document
progress of checking routines. The dashboard summarises the checks done in several
dimensions, including by GHG, by model, and by sector. A summary of this dashboard
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is also now shared with BEIS, summarising the checks done on the inventory (see
Figure 1.3 and Figure 1.4 for screenshots of the dashboard, during the inventory
compilation process);

Further improvements to inventory model design to ensure consistent and transparent
documentation of model compilation, QC, version control, with supporting guidance to
for inventory compilation team;

Model upgrades for a number of inventory models, to re-build and test inventory models
against UK Government QA guidelines; this process included third party reviews of
models upgraded,;

Continued improvements and streamlining to the QA systems to improve handling of
data on LULUCF within the UK data management and reporting systems.

Increased automation of activity data transfer between the NAEI database and CRF
tables to reduce errors.

Figure 1.3: QA/QC dashboard example. Summary of model checks, part way through

compilation
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Figure 1.4: QA/QC dashboard example. Summary of activity mass balance checks
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1.6.2.1 Quality Objectives

The key objectives of the QA/QC plan are to ensure that the estimates in the GHG and air
pollutant inventories are of a suitably high quality and will meet the methodological and
reporting requirements for UK submissions to the UNECE and UNFCCC, as set out within
national inventory reporting guidance from the Intergovernmental Panel on Climate Change
(IPCC)* and European Environment Agency (EEA)Y'. The inventory data quality objectives

16 2006 IPCC Guidelines for National Greenhouse Gas Inventories: http://www.ipcc-nggip.iges.or.jp/public/2006gl/

17 EMEP/EEA air pollutant emission inventory guidebook — 2013: http://www.eea.europa.eu/publications/emep-eea-guidebook-

2013
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are to achieve the principles of Transparency, Completeness, Consistency, Comparability and
Accuracy (TCCCA):

e Transparentin:

o The description of methods, assumptions, data sources used to compile estimates in
internal (spreadsheets and other calculation tools) and published material (e.g. the NIR)
and on the inclusion of national and EU wide assumptions (e.g. source category detall
and the split between EU ETS and non EU ETS sources, implementation of policies and
measures, carbon contents of fuels, site specific estimates, national statistics such as
population, GDP, energy prices, carbon prices etc.).

0 The documentation of QA/QC activities and their implementation using internal
checklists and summarised in relevant public material (e.g. NIR).

* Complete: and include all relevant (anthropogenic) emission/removal activities, using
representative data for the national territory for socio-economic assumptions and policies
and measures for all required years, categories, gases and scenarios.

¢ Consistent: across trends in emissions/removals for all years (especially where applicable
between the historic and projected estimates) and that there is internal consistency in
aggregation of emissions/removals. Where possible, the same methodologies are used for
the base year and all subsequent years and consistent data sets are used to estimate
emissions or removals from sources or sinks.

* Comparable: with other reported emission/removal estimates through use of the latest
reporting templates and nomenclature consistent with reporting requirements. Using the
correct IPCC category level and consistent units for expressing mass of emissions/removals
by gas, split between EU ETS and non EU ETS sources, scenarios, units for parameters
and of input parameters with EU assumptions (e.g. energy prices, carbon price, population
etc.).

* Accurate: ensuring the most accurate methods are used in the application of methods,
minimising the uncertainty in assumptions and in use of data sources used for the estimates
and inclusion of national and EU wide assumptions.

The overall aim of the inventory QA/QC system is to meet the above objectives, and to
minimise the risk of errors in the UK inventory data such that emission estimates are not
knowingly over- or under-estimated as far as can reasonably be judged.

The inventory QA/QC system also reflects that quality is one of three often competing attributes
for a given project scope: quality, time, and resources. Noting that the complete set of UK
GHGI and AQPI estimates contain a large number of large and small contributors to
emissions/removals, key category analysis is used to prioritise the most important categories
(i.e. the highest-emitting source categories in the UK and/or the most uncertain sources). More
resources and time are typically directed towards method development, compilation, reporting
and associated QA/QC activities for these key source categories, with simpler methods and
less rigorous approaches typically applied to lower-emitting / more certain (non-key) source
categories.

1.6.2.2 Roles and Responsibilities

The QA/QC plan sets out specific responsibilities for the different QA (review) and QC (data
controls, checking) activities and to different roles within the inventory compilation and
reporting team. These are embedded within compilation and processing spreadsheets and
databases. Training and project management communication across the inventory agency
ensures that these responsibilities are clear, with specific tasks and checks signed-off at
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appropriate stages throughout the inventory process. The following responsibilities are outlined
in the QA/QC plan:

QA/QC Manager (“Senior Analyst”): Coordinates all QA/QC activities and manages
the contributions from data suppliers, sector experts and independent experts and
undertakes cross cutting QA/QC activities. Maintains the QA/QC plan, co-ordinates
action across the team to: set quality objectives, communicate and implement QA/QC
activities, identify training and development needs (individual, systematic);

Knowledge Leaders: Lead the technical development and implementation of the NAEI
programme, supporting the QA manager and Project management team in delivering
the project to meet technical requirements of international reporting as well as UK-
specific and other output quality expectations. Manage periodic review and perform
final checking activities on data and report submissions.

Project Manager: Manages project finances and manage/attend project meetings,
communicating project tasks and requirements to the team. Manage team resources
and support QA Manager, Technical Director and Knowledge Leaders in identifying
and resolving resource limitations (e.g. skills gaps, continuity planning);

Task Managers /Sector Experts: Task managers (or sector experts) are responsible
for the maintenance of task documentation (e.g. compiler manual, scope documents,
quality checking records and correspondence) and task QA Plan to include: definition
of checking requirements; timeline delivery of work; coordination of task sign-off;
identification of team training requirements and risk management. They perform sector
specific review and checking activities and report to the QA/QC Manager. Sector
Experts also collaborate with data suppliers and other key stakeholders to review data
quality (input data and outputs), perform quality checks on supplied information, assess
and report on uncertainties associated with NAEI outputs. Identify improvement
requirements for their tasks / sectors and promote / implement cross-cutting QAQC
improvements by sharing best practice and engaging in team communication activities;
and,

External Review experts: Provide expert/peer review of projections for specific
sectors and report to the QA/QC Manager.

1.6.2.3 Timeline

The QA/QC plan sets out a detailed timeline for QA/QC checks. The timeline is designed to
fit in with compilation and reporting requirements for all UK GHG and Air Pollutant reporting
commitments.

1.6.2.4 Quality Control and Documentation

The UK’s GHGI Quality Control (checking, documentation and archiving) occurs throughout
the data gathering, compilation and reporting cycle. Figure 1.5 illustrates the process of data
checks used within the UK greenhouse gas inventory. The horizontal bars symbolise ‘gates’
through which data does not pass until it meets the quality criteria and the appropriate checks
have been performed.
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Figure 1.5 Quality Checks throughout the UK inventory compilation process
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Checking and documentation is facilitated by specific custom data storage and handling
systems and procedures developed for the GHGI compilation that include:

1. A database of contacts containing uniquely referenced data on suppliers, data users,
detailed data requirement specifications (including requirements for supplier QA/QC
and uncertainty information) and data supplied to and delivered from the GHGI. This
database tracks all data sources and suppliers used for the estimation of
emissions/removals with unique references that are used to tag datasets through the
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inventory compilation process. The contacts database also tracks all outputs from the
GHGI including formal submissions and data supplied in response to informal and ad-
hoc data requests.

2. Individual data processing tools are used to prepare the majority of source data into
suitable AD and EFs for UK emissions estimates. These data processing tools
(spreadsheets and Database models) are uniquely identified and include QC
procedures, summaries and source data referencing and documentation within
them. QC procedures are embedded in the tools which provide sector specific
checks (e.g. energy/mass balance) and implied emission factor checking for default
and country specific emission factors. The QC procedures within each
tool/spreadsheet include calculation input/output checking cells and flags to identify
calculation errors. The QC summary sheets in each tool/spreadsheet include links to
QC activities that need to be performed, flags for the QC activities, their status and sign
off; details of source data; key assumptions, methods, data processing activities and
progress; the scope of activities, gases and years included; relationships with other
processing spreadsheets (where inter-dependencies exist); records of authorship;
version control and checking. All relevant cells in the data processing spreadsheets
are colour coded for ease of reference indicating whether the cells are calculation
cells, output cells, checking cells or data input cells. All input cells carry a reference to
the unique data source and data supplier held in the contacts database so all source
data can be traced back to its originator and date of supply. All spreadsheets are
subject to second-person checking prior to data uploading to the NAEI database.

3. A core database (NAEI database) of AD and EFs with embedded tier 1 QC routines
and data source and data processing referencing. The database provides the quality
assured data source of emission/removal estimates used for reporting (including CRF
population), responding to ad-hoc queries or deriving other downstream estimates (e.g.
emissions by Devolved Administration and emissions by Local Authority). The detailed
Activity Data and Emission Factor components for each estimate are held within the
central database and include all sources, activities, gases/pollutants (GHGI and AQPI)
and years. The majority of data in the database are imported directly from the individual
data processing tools/spreadsheets (described above). Data transparency: All data
points in the database carry a reference that pinpoints either the upstream data
processing tools used to derive the data, the external data source and supplier or both.
It also includes details of the date entered, the person uploading the data, its units (to
ensure correct calculation), and a revision or recalculation code (which ensures that
recalculations of historic data can be easily traced and summarised in reports).
Automated data import routines used to populate the database minimise
transcription errors and errors resulting from importing data that has not been properly
checked. This process extracts output data from the upstream data processing
tools/spreadsheets and can be controlled by the Inventory Agency via a data import
dashboard. The automated system ensures that data is only uploaded to the database
once it meets specified QA/QC criteria of data checking, completion and consistency.
A number of detailed QC checking queries!® are embedded within the database that
support the annual QA activities defined in the QA/QC Plan and include:

a. Checks with previous submissions for changes due to recalculations or errors
at a detailed level (a designated auditor identifies sources where there have

18 A full list is included in the QA/QC plan.
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been significant changes or new sources. Inventory compilers are then
required to explain these changes to satisfy the auditor)?*®

b. Assessment of trends and time series consistency for selected key sources

c. Mass balance checks to ensure that the total fuel consumptions in the GHG
inventory are in accordance with those published in energy National Statistics
from BEIS

d. Other activity data checks (e.g. production and consumption with National
Statistics)

e. Implied Emission Factor checks (assessing trends in IEF and comparison with
previous submissions)

f. A consistency check between IPCC output and CORINAIR formatted output.

4. Data extraction checking routines and procedures: Data exported from the NAEI
database and entered into reporting tools (e.g. the CRF Reporter tool) are finally
checked against the direct database output totals to ensure that any inconsistencies
are identified and rectified prior to submission. This includes interrogating the output
xml from the CRF software and comparing this against a series of queries from the
NAEI database to compare both emissions and activity data.

5. Official annual reports to UNFCCC and UNECE provide full documentation of
inventory estimation methodologies, data sources and assumptions by source sector,
key data sources and significant revisions to methods and historic data, where
appropriate. In addition the annual report to the UNFCCC includes details of planned
prioritising improvements identified by the Inventory Agency and agreed by the National
Inventory Steering Committee, and from Expert and Peer Reviews. Any data
presented in reports are checked against accompanying submission datasets and the
NAEI database.

6. Archiving: At the end of each reporting cycle, all the database files, spreadsheets, on
line manuals, electronic source data, records of communications, paper source data,
output files representing all calculations for the full time series are frozen and archived
on a central server. An annual report outlining the methodology of the inventory and
data sources is produced. Electronic information is stored on hard disks that are
regularly backed up. Paper information is archived in a Roller Racking system with a
simple electronic database of all items references in the archive.

e The agriculture inventory (compiled by Rothamsted Research, North Wyke) is
backed up on a daily basis on their network storage system. This system is mirrored
with the Rothamsted Research Harpenden site, comprising an offsite backup.

e At CEH, all data and information relating to the LULUCF inventory is stored on a
networked drive (accessible only by the project team) which is backed up daily by
CEH computer support. There is a separate folder for each inventory year and at
the end of an inventory cycle the final versions of all datasets remain unchanged for
back reference if required. In addition to this the model code used within CEH for
inventory compilation is stored in a subversion repository to ensure a clear record of
all amendments and iterations.

1.6.2.5 Quality Assurance and Verification

Quality Assurance and verification activities provide an objective, independent review of
inventory source data, methods and assumptions. These activities are primarily conducted to

19 This is somewhat more detailed than the recalculation explanations required by Table 8 in the CRF,
as it is based on the more disaggregated source sectors used in the NAEI database.
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assess compliance with reporting requirements (e.g. comparing UK inventory methods against
international guidelines) and also to identify areas for future inventory improvement. QA and
verification activities include:

1. Assessment of improvements against recommendations and the Inventory
Improvement Programme lists of required improvements.

2. Official annual review of changes to estimates and trends, prior to submission, by
stakeholders supplying key datasets and by UK government departments responsible
for the inventory reporting.

3. Peer/Expert review of methods, assumptions and data sources for new / revised
estimates and on a periodic basis for key categories to determine whether methods
should be improved due to the availability of new datasets and assumptions (focussing
on key categories).

4. Documentation of recalculations and changes to the estimates.
5. Verification analysis (e.g. comparison of trends with trends in ambient measurements).
1.6.2.5.1 NISC annual review

Annually and prior to submission the National Inventory Steering Committee (NISC) review the
emissions inventory datasets. The NISC is tasked with the official consideration and approval
of the national inventory prior to submission to the UNFCCC. The NISC comprises key
stakeholders, including the Single National Entity (BEIS) (see Institutional Arrangements
section), who have an understanding of the GHG estimates and input data sources.

1.6.2.5.2Stakeholder Consultation with Key Data Providers

The inventory agency consults with a wide range of stakeholders in order to ensure that the
UK inventory uses the best available data and research, interprets information from data
providers correctly and improves outputs to address user requirements. The inventory agency
plans and participates in a series of one-to-one meetings and engagement activities each year.
Stakeholder consultation activities completed to date during the compilation of the 1990-2015
inventory include:

Department for Business, Energy & Industrial Strateqy

e Theinventory agency met with the BEIS energy statistics team that produces the Digest
of UK Energy Statistics to discuss what changes (to both activity and methodology)
were expected in the 2016 publication of the statistics, and to clarify some outstanding
queries. Subsequently, improvements to the inventory activity data were identified and
implemented for the 2017 submission, including:

o Derivation of a consistent time series of activity data for wood use in the
residential and industrial sectors; the BEIS team had derived revised activity
data for 2013 onwards and therefore an extrapolation of the revised DUKES
methodology was derived for earlier years in the time series;

o Improved understanding of the scope of reported data within the UK energy
statistics on renewables, biomass/biofuels and fossil and bio-carbon sources in
waste-derived fuels. This has led to several revisions in the assumptions
applied to generate emission estimates, including revision of the NCVs applied
to activity data to derive emission estimates from combustion of biomass in
several sectors.

o Improved understanding of the data sources and uncertainties associated with
the DUKES data for commodities such as lubricants, leading to a change in
approach to reconciling sector-specific lubricant estimates with overall UK
demand statistics.
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¢ Consultation with the BEIS Offshore Inspectorate to request clarifications on the scope
of EEMS reported data for several individual installations, to ensure correct
interpretation of the available data.

Environmental Requlators

e Meetings, teleconferences and emails with sector experts and emission inventory
analysts from the environmental regulatory agencies in the UK (Environment Agency -
EA, National Resources Wales - NRW, Scottish Environment Protection Agency -
SEPA and Northern Ireland Environment Agency - NIEA) and plant operators. These
were undertaken to address source-specific emission factor uncertainties and obtain
up to date information regarding site-specific activities, abatement and changes to plant
design or scope of reporting.

e As in previous years we have contacted environmental regulators to clarify
discrepancies between the Pollution Inventory (PI) and EU ETS, and other data
sources, including to work through PI/SPRI data clarifications for the 2017 submission

Other data providers

e Consultation with gas network operators regarding data reporting discrepancies for the
gas supply sector across recent years, and to obtain new estimates of leakage from
the UK gas transmission system including from gas storage installations following
changes to storage capacity in recent years.

¢ Consultation with the UK Solid Fuel Association to seek any new data on fuel sales,
fuel composition and type, and the main sectors into which SFA members sell their
products.

e Consultation with industry contacts in the waste management sector and within Defra
to identify and assess the usefulness of new activity data on commercial and industrial
waste disposed to landfill, for inclusion within the UK landfill model.

e Consultation with non-ferrous metal operators to obtain new information to help
improve estimates of petroleum coke use by the sector.

¢ Consultation with the British Aerosols Manufacturers Association (BAMA) to obtain new
data on non-MDI aerosol emissions and to seek insights into F-gas market responses
to the EU F-gas Regulations.

1.6.2.5.3 Expert, Peer and Bilateral Reviews

The UK’s programme of bilateral and external peer reviews is managed by the NISC as part
of the improvement programme. Bilateral reviews are initiated with other countries as a means
to learn from good practice in other countries as well as to provide independent expertise to
review estimates. The UK has participated in a number of bilateral exchanges and the current
contract makes allowances for biennial bilateral reviews.

Since 2002, the UK has implemented a programme of peer reviews by experts outside of the
organisation responsible for the estimates. The UKs programme of peer review is managed
by the NISC as part of the improvement programme. External Peer review is applied in two
cases:

1) When new methods have been developed for important source categories.

2) On arolling programme to determine whether methods should be improved due to the
availability of new datasets and assumptions (focussing on key categories).

In addition, the UK participates in the annual UNFCCC and EU review processes.

Review activities to date are summarised in the table below.
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Table 1.12 Summary of Peer and Bilateral review activities

Review
description

Summary

2006 - 2016: Annual
UNFCCC review

Annual review by the UNFCCC expert review team. Reviews highlight reporting issues
of transparency, completeness, consistency, comparability or accuracy that need to be
resolved by the UK. A list of the current issues and their status are provided in Chapter
10. No annual review was carried out by the UNFCCC in 2015 due to delays in reporting.

2016: Review under
the Effort Sharing
Decision

A full review was conducted for all Member states. Reviews highlight reporting issues of
transparency, completeness, consistency, comparability or accuracy that need to be
resolved by the UK. A list of the current issues and their status are provided in Chapter
10.

2015: Review under
the Effort Sharing
Decision

Although a full review for all Member States was not conducted, the UK volunteered for
the second stage of the review to consider any potentially significant issues. None were
found with the UK submission.

2015: Bilateral
review with
Denmark, focussing
on energy and IPPU
sectors.

Bilateral review with Denmark, focusing on energy, and industrial processes and product
use. Also considered the changes made to the UK NIR for the 2015 submission, in the
absence of a formal UNFCCC review. The findings of the review fed into the compilation
of the 2016 inventory submission.

2015: Multi-lateral
review with
Germany, France,
Netherlands,
Denmark, on QAQC.

The UK participated in a multi-lateral review workshop hosted by the German UBA
inventory team, to consider the IPCC 2006 Guidelines on QAQC and review
implementation across all participating countries to exchange best practice, identify any
areas of ambiguity and/or difference in Member State approach to QA implementation.
The findings fed into a paper submitted by UBA to the EU Working Group 1 for inventory
agencies.

2014: Independent
Review of the UK
Kyoto Protocol
LULUCF Inventory
Estimates

Preparatory review to the UNFCCC assessment of UK KP reporting.

2014: Bilateral
review with
Germany, focussing
on the energy and
waste sectors

Bilateral review with Germany, focusing on the energy balance, iron and steel, refineries,
the chemical industry and waste and biofuels. The recommendations from this review
fed into the UK inventory improvement programme.

2012: Peer review of
all except Sector 5.
Conducted by EC
Technical Expert
Review Team

The review focussed on non LULUCF sectors and provided a report for each Member
State (including the UK) highlighting recommendations for improvements as well as
documentation of any revised estimates as a result of the review. The UK made 3 minor
(in total ~ 0.1%) revisions as recommended by this review for lime production and
burning of biomass for energy to address underestimates, and for Dairy Cattle to
address an over estimate. The review also presented another 20 recommendations for
the UK to consider.

2011: Bilateral
review of F-gases
(2E, 2F) between
Austrian, German
and UK inventory
teams

The object of the review was to share methods, experiences and potential data sources
across the three teams and to provide recommendations on how to improve each of the
inventories for these sectors. The recommendations for the UK were added to the UK
GHGI improvement programme for consideration by the NISC.

2010 and 2008: Peer
review of
Refrigeration and air
conditioning

Assumptions about leakage rates and the mix of HFC fluids in each sub-sector were
peer reviewed, by a workshop of experts in 2008. Losses during manufacture/initial
charging and at decommissioning in the original refrigeration sector model were
generally based on factors recommended by the IPCC or the recommendations from
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(2F1) with Industry
experts; SKM
Enviros

this workshop. The model was again peer reviewed by SKM Enviros in 2010, and has
since been replaced by new research in 2011.

2009: Peer review of
LULUCF

(5). BEIS funded
peer review, CRH
independent team

BEIS funded an external peer review of the research programme that provides
LULUCF emissions estimates to the Greenhouse Gas Inventory in 2009. In addition,
in 2009 the LULUCF inventory project was audited by an independent CEH team to
confirm compliance with the Joint Code of Practice, where the project was praised for
its high standards.

2008: Bilateral
review of Agriculture
(4) with the French
inventory team

The objectives of the review were to develop emissions inventory capacity in
collaboration with France, and to provide elements of expert peer review to meet quality
assurance requirements under national inventory systems e.g. Article 5, paragraph 1, of
the Kyoto Protocol and European Union Monitoring Mechanism (EUMM) e.g.

280/2004/EC. Specific activities undertaken included sharing good practice between
the UK and France and the development of ideas for efficient future technical
collaboration.

1.6.2.5.4 Capacity building and knowledge sharing

The UK actively participates in capacity building and knowledge sharing activities with other
countries. These initiatives are usually led by the NISC but also include some projects led by
Ricardo Energy & Environment (the inventory agency) and funded by the EU and EEA through
the European Topic Centre on Air and Climate Mitigation. The list below highlights some
recent examples of these activities.

1.

10.

11.

Study tour by representatives of the Israeli Ministry of Environmental Protection and
Central Bureau of Statistics, who compile the GHG inventory for Israel.

Knowledge sharing with Chinese energy statisticians on GHG emissions trading and
statistics.

Capacity building activities in South Africa in the agricultural sector.

Knowledge sharing with the Romanian GHG inventory team during December 2011 to
support the improvement of energy sector reporting.

Knowledge sharing with the Chinese Energy Research Institute regarding the UK
experience of integrating facility-level data into the national inventory and outlining all
of the QA procedures that govern energy and emissions data from facility to sector to
national level within the UK, to support their efforts in developing a national system of
data management to account for GHG emissions, working from provincial and facility-
level data.

Capacity building in Spain — invited presentation of the UK agricultural inventory
improvements and further conversations with Spanish government representatives.

Knowledge sharing with Russian and French inventory teams.

CEH participation in annual yearly knowledge sharing with European LULUCF
inventory compilers at EU Joint Research Council LULUCF meetings.

Knowledge sharing with the Vietnam inventory team.

Capacity building workshop with Balkan EU accession countries on National System
development.

Study visit by delegation from the Chinese National Center for Climate Change Strategy
and International Cooperation (NCSC) as part of their week-long visit to the UK
arranged by BEIS. Ricardo hosted representatives from NCSC, BEIS and Welsh
Government, presenting on compilation and usage of national, devolved, local and city
inventories.
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12. Knowledge sharing between CEH LULUCF inventory compilers and Maltese LULUCF
inventory compilers in 2016.

1.6.3 Verification

BEIS has a research programme that derives independent emission estimates for the UK using
in-situ high-precision high-frequency atmospheric observations of the Kyoto gases and a range
of other trace gases at the Mace Head Atmospheric Research Station on the west coast of the
Republic of Ireland. The UK Met Office employs the Lagrangian dispersion model NAME
(Numerical Atmospheric dispersion Modelling Environment) to sort the observations made at
Mace Head into those that represent northern hemisphere baseline air masses and those that
represent regionally-polluted air masses arriving from Europe. The Met Office inversion
modelling system, INTEM (Inversion Technique for Emission Modelling), is then used to
estimate the magnitude and spatial distribution of the UK and European emissions that best
support the observations and provide a fully independent estimate of annual emission trends
for the UK. The technique has been applied to 3 year rolling subsets of the data.

Since 2013, work has extended to three new sites across the UK, at Angus (north of Dundee),
Talcolneston (Norfolk), and Ridge Hill (Herefordshire), to create the UK DECC (Deriving
Emissions linked to Climate Change) Network. The Angus site was then replaced by a site at
Bilsdale in the north of England. The data from these additional sites has resulted in significant
increases in spatial and temporal resolution, and hence, improvement in UK estimates. The
uncertainties associated with the UK emission estimates have also decreased.

Most recently a comparison of inventory estimates of HFC-134a with those modelled through
the INTEM system has suggested that the inventory may be over estimating its HFC-134a
emissions. Further analysis of the mobile air conditioning sector of the inventory, the main UK
source of HFC-134a, has suggested several parameters with high uncertainty that may be the
source of the difference. Revisions to the refrigeration and air conditioning model (to review
assumptions following the implementation of the EU f-gas regulations, and to look consider
computational errors in the model) have been made, and this comparison is now in better
agreement.

The complete results of the verification using the atmospheric observations and a more
detailed description of the modelling method used are given in Annex 6 of the UK NIR.

1.6.4 Treatment of Confidentiality

Many of the data necessary to compile the UK inventory are publicly available. The main
exception relates to the reporting of emissions from SFs, PFCs and HFCs from some sources.
For example, private companies that have provided data to estimate emissions of these gases
from training shoes have provided data on condition that the data remains confidential, and it
is therefore not possible to report emissions of PFC or HFC species from this source in
isolation. Therefore, a number of sources are reported in combination, and estimates of the
total emissions in the main IPCC categories are provided.

In addition, industrial production data are commercially sensitive in a handful of cases, such
as cement production and adipic acid production. For adipic acid production, whilst emissions
data are reported openly, the production data (required within the CRF to derive Implied
Emission Factors to enable cross-party benchmarking) are reported as confidential using the
notation key “C”. For cement, data for clinker production in Great Britain are reported since
these are publically available. UK data are not used since this would allow the calculation of
clinker production for Northern Ireland, which is supplied in confidence.

Detailed EU ETS data are also supplied by the regulators to the Inventory Agency, which
allows further analysis of the data to develop new emission factors or to cross check fuel use
data with other sources. This detailed data set is not publically available, and therefore
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information obtained from the analysis of this data is suitably aggregated before it can be
explicitly reported within the CRF tables or the NIR.

The UK National Inventory Reports from the 1999 NIR onwards, and estimates of emissions
of GHGs, are all publicly available on the web; see http://naei.defra.gov.uk/

1.7 GENERAL UNCERTAINTY EVALUATION
1.7.1 GHG Inventory

The UK GHG inventory estimates uncertainties using both Approach 1 (error propagation) and
Approach 2 (Monte Carlo simulation) described by the IPCC. Approach 1 provides estimates
of uncertainty by GHG according to IPCC sector. Approach 2 considers the correlations
between sources and provides estimates of uncertainty according to GHG in 1990 and the
latest reporting year, and by IPCC sector.

Approach 2 (Monte Carlo simulation) suggests that the uncertainty in the combined GWP
weighted emissions of all the greenhouse gases is 5% in 1990 and 3% in 2015. The trend in
the total GWP weighted emissions expressed as the fall between 1990 and 2015 is -38%, with
a 95% confidence interval of between -35% and -41%.

A full description of the uncertainty analysis is presented in Annex 2.

1.8 GENERAL ASSESSMENT OF COMPLETENESS
1.8.1 GHG Inventory

The UK GHG inventory aims to include all anthropogenic sources of GHGs. Table 9 of the
CRF shows sources of GHGs that are not estimated in the UK GHG inventory, and the reasons
for those sources being omitted.

Completeness of the KP-LULUCF inventory is reported in Chapter 11.
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2 Trends in Greenhouse Gas
Emissions

2.1 DESCRIPTION AND INTERPRETATION OF EMISSION TRENDS
FOR AGGREGATED GREENHOUSE GAS EMISSIONS

Total emissions of direct greenhouse gases have decreased by 38% between 1990 and 2015
and 3.8% between 2014 and 2015. This decline between 1990 and 2015 is driven
predominantly by a decrease in emissions from the energy sector — particularly from power
stations (IPCC category 1Ala). The following sections of this report provide an interpretation
of this trend, focusing on the trends by gas, and by source sector. The decline between 2014
and 2015 is primarily due to a significant switching from coal use to other, less carbon intensive
fuels and renewables.

Unless otherwise indicated, percentages quoted are relative to net emissions (i.e. emissions
including removals from LULUCF). The geographical coverage used for calculating all figures
is the UK and the Crown Dependencies and Overseas Territories to whom the UK’s ratification
of the UNFCCC has been extended and are provisionally included in the scope for the second
commitment period of the Kyoto Protocol.

The percentage changes presented in this chapter are calculated from emission estimates
held at full precision within a database, therefore they may differ slightly from those that could
be calculated from rounded figures presented in this report.

Table 2.1 UK Greenhouse Gas Emissions by Gas, 1990-2015 in Mt COze
Emission Year CO2 CHa N20 HFCs PFCs SFs NF3 Total
1990 598 135 51 14.4 1.7 1.3 | 0.0004 802
1995 560 129 42 19.1 0.6 1.3 | 0.0008 751
2000 558 111 31 9.9 0.6 1.8 | 0.0017 713
2005 558 89 27 13.1 0.4 1.1 | 0.0003 689
2010 499 68 24 16.5 0.3 0.7 | 0.0003 609
2011 456 65 23 14.9 0.4 0.6 | 0.0003 561
2012 477 62 23 15.5 0.3 0.6 | 0.0003 578
2013 465 57 23 15.8 0.3 0.5| 0.0004 562
2014 424 54 23 16.0 0.3 0.5| 0.0004 518
2015 406 53 23 15.9 0.3 0.5| 0.0004 499
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2.2 DESCRIPTION AND INTERPRETATION OF EMISSION TRENDS
BY GAS

The largest contributor in terms of CO; equivalent is CO; at 81% of the weighted emission in
2015. CH4 contributes 10.5% and N2O 4.7%. In spite of their high GWPs the contribution of
fluorinated greenhouse gases is small at around 3.4% of total GHG emissions. This is because

their mass emissions are very small.

Table 2.2 UK Greenhouse Gas Emissions by Gas in 1990 and 2015
Unit Year CO2 CHa N20 F-Gases Total
Mt COze 1990 598 135 51 17.3 802
2015 406 53 23 16.7 499
% Share 1990 75% 17% 6% 2% 100%
2015 81% 11% 5% 3% 100%
Figure 2.1 Trend in Greenhouse Gas Emissions by Gas, 1990 to 2015, relative to
1990 Emission Levels.
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2.2.1 Carbon Dioxide

In 2015, CO, emissions were 406 Mt CO. equivalent, 32% below the 1990 level and 4.1%
below the 2014 level. The trend in CO; emissions is illustrated in Figure 2.2, which shows that
the total emissions are dominated by the energy sector, which is the main driver for the
declining trend in emission, through fuel switching, structural change, and improvements in
end-use efficiency. Because of the strong link between power generation and CO; emissions,
short term trends can be dominated by UK temperatures. In cold years like 1996 and 2010
there is an increase in demand for power for heating and in warm years like 2011 and 2014
there is a decrease. Figure 2.2 includes net emissions and removals of CO, from LULUCF.
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Figure 2.2 UK CO; Emissions Trend by Sector for 1990 to 2015
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2.2.2 Methane

Figure 2.3 illustrates the trend in emissions of methane, broken down by source. Methane is
the second most significant greenhouse gas in the UK after CO,, and has decreased by 61%
since 1990 and 3.3% since 2014. In 2015, methane emissions were 53 Mt CO; equivalent.

The major sources of methane are agriculture, waste disposal, leakage from the gas
distribution system and coal mining. Emissions from all these sources have declined since
1990, and the main reasons for these are:

In the energy sector, emissions have reduced by 79% since 1990 and 5.3% since 2014.
The main causes for the long term reduction are reduced coal mining activity and
improvements to the gas distribution network. Decreases in this sector have
contributed 36% to the total decrease in methane emissions since 1990 and 25% to
the total decrease in net methane emissions since 2014%;

Total emissions in the waste sector have decreased by 74% from 1990 to 2015 and
8% from 2014 to 2015 due to increased implementation of methane recovery systems
at landfill sites. The reduction in emissions in this sector is responsible for 58% of the
total decrease in methane emissions since 1990 and 78% of the net decrease in
methane emissions since 20142%;

Emissions from agriculture have decreased by 16% since 1990 and increased by 0.4%
since 2014%°, following the trend of livestock numbers. This sector is responsible for
6% of total reductions in methane emissions.

20 The contribution of the energy and waste sectors to the net decrease in methane emissions since
2014 total more than 100% because the agriculture sector actually shows increases in methane
emissions overall when compared to 2014.
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Emissions from LULUCF and Industrial Processes and other product use are not significant
sources of methane in comparison to the other sectors.

Figure 2.3 UK CH4 Emissions (Mt CO.e) Trend by Sector for 1990 to 2015
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2.2.3 Nitrous Oxide

Figure 2.4 illustrates the trend in emissions of N.O. The main anthropogenic sources are
agriculture, waste and industrial processes. In 2015, emissions of N.O were 23 Mt CO;
equivalent. Emissions have declined 55% since 1990 and decreased by 1.0% since 2014,
and the main reasons for these reductions are:

e The agriculture sector is a major source of NoO emissions, contributing 69% to total
emissions of N2O in 2015. Emissions from this sector have decreased by 15% since
1990, mostly due to a decrease in emissions from sector 3D, agricultural soils, driven
by a fall in synthetic fertiliser application;

e Although total emissions are dominated by agriculture, the trend in emissions across
the time series is driven by a significant reduction in emissions from Industrial
Processes and other product use. In 1990, nitric and adipic acid production were both
significant sources of N.O, contributing 46% to total NoO emissions whereas in 2015,
these sources accounted for only 0.19%. This has been a result of nitric acid production
plant closures combined with the installation of abatement equipment at the adipic acid
plant in 1998 (the effect of this can be seen in Figure 2.4), which itself closed in early
2009. Emissions from Industrial Processes have decreased by 97% from 1990 to 2015,
contributing 84% to the total decline in N>O emissions since 1990. Emissions from
Industrial Processes have decreased by 2.9% from 2014 to 2015, but this represents
a decrease of only 0.025 Mt CO; equivalent.

e Fuel combustion is also a significant N>O source, with total emissions from the energy
sector contributing 15% to total NoO emissions in 2015. Emissions from this sector
have decreased by 27% since 1990. A 1.6% increase in emissions is due to a number
of factors since 2014, the most important of which include increasing N>O emissions
from the road transport sector (in particular heavy goods vehicles and buses),
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emissions from mobile agricultural machinery and flaring at upstream oil production
sites. The most significant sources within this sector are road transport, industrial
combustion and power generation. Both industrial combustion and power generation
have shown decreases in emissions since 1990. Road transport emissions increased
between 1991 and 1995, and since 2009. Recent increases are due to increases in
vehicle kilometres travelled. Otherwise, the time-series is consistently decreasing,
primarily due to the changing catalyst technologies, some of which reduce NOx
emissions by converting it to N2O, the sulphur content of fuel impacts the effectiveness
of catalysts and fuel switching, as there’s a significant difference in the nitrogen
emission from petrol and diesel vehicles. The overall change in the N.O emissions from
the transport sector between 1990 and 2015 is a decrease of 18.8%.

Figure 2.4 UK N2O Emissions (Mt CO2e) Trend by Sector for 1990 to 2015
60
50 & F
4&; -
< -
2 40 i 1111
=}
(o
(]
8 30 .
§ 1101 o
\C’ - " m B m
S 20
(%]
L
€
wl
10
0
o i o~ (2] < N Yo N~ (o] (o)) o i (o] o < LN Yo ~ (o] (o)) o — o~ m < wn
(o)) ()] [e)] [e)] [e))] D [e2] D [e2] (o)) o o o o o o o o o o i - i i — —
a oo o o oo o o o o OO0 O O O O O O O O 0O O O O o o o o
i i i i i — i i — i (a\] N (@] N (@] o~ (o] [a\] (@] (a\] (o] (a\] N (a\] N (@]

Year

Energy M Industrial Processes M Agriculture = LULUCF m Waste

2.2.4 Fluorinated-Gases

Emissions of the F-gases (HFCs, PFCs, NF; and SF) totalled 17 Mt CO; equivalent in 2015.
Emissions have decreased by 20% since 1995, the base year used for F-gases, mainly driven
by the fall in emissions from F-gas manufacture (sector 2B9), due to the installation of
abatement equipment at two of the three manufacturers. The reduction would be much greater
if it wasn’t mostly offset by the large increases in use of HFCs as substitutes for ozone
depleting substances, particularly in refrigeration and air conditioning. Emissions have
increased by 0.1% since 2014.
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Figure 2.5 UK F- Gas Emissions (Mt CO2e) Trend by Sector for 1990 to 2015
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The IPCC source categories referred to in Figure 2.5 are:
2B9: Fluorochemical Production
2C3: Aluminium Production
2C4: Magnesium Production
2E1: Integrated Circuit or Semiconductor
2F1: Refrigeration and Air Conditioning Equipment
2F2: Foam Blowing Agents
2F3: Fire Extinguishers
2F4: Aerosols
2F5: Solvents

2F6: Other Product Uses as Substitutes for ODS (in this case transportation of
refrigerants)

2G1: Electrical Equipment

2G2: SFs and PFCs from Other Product Use (including trainers, electronics, AWACS,
tracer gas and particle accelerators)

2.3 DESCRIPTION AND INTERPRETATION OF EMISSION TRENDS
BY CATEGORY

Table 2.3 below presents a summary of total GWP weighted emissions by sector. No direct
GHGs are reported under Solvents and Other Product Use.
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Table 2.3 Total GWP weighted emissions by sector, 1990-2015 (Mt COze)

Year Energy Industrial Agriculture LULUCF Waste

Processes and

other Product

Use

1990 609 67 54 6 67
1995 565 61 53 3 69
2000 559 41 50 0 63
2005 557 40 46 -3 49
2010 503 36 44 -6 32
2011 461 32 44 -6 30
2012 481 32 44 -5 27
2013 467 34 44 -7 23
2014 427 34 45 -7 20
2015 409 34 45 -7 18

Total emissions are dominated by the energy sector in both 1990 and 2015, contributing 76%
to total net emissions in 1990 and 82% in 2015. Emissions from all sectors have declined
between 1990 and 2015, with the largest decline in percentage terms from the LULUCF sector,
which has gone from a net source to a net sink. In absolute terms, the largest overall decline
is in the energy sector.

Table 2.4 Emissions by sector in 1990 and 2015, the emissions trend and share
of the UK GHG Inventory total

Sector Emissions (Mt CO2e€) Trend Share
1990 2015 1990-2015 1990 2015

Energy 609 409 -33% 76% 82%
Lr;gléitgalljsPerocesses and other 67 34 50% 8% 7%
Agriculture 54 45 -16% 7% 9%
LULUCF2 6 -7 -229% 1% -1%
Waste 67 18 -712% 8% 4%
Grand Total 802 499 -38% 100% 100%

aThe trend relative to the base year appears extreme because emissions change from a net source to a net sink
between 1990 and 2015
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Figure 2.6 Trend in GHG emissions by sector for 1990 to 2015, Relative to 1990
Emission Levels?
120
100
)
o
‘: 80 \/\N
o
3
S 60
(2]
c
S 40
(]
R0
S
w20
0
1990 1995 2000 2005 2010 2015
Year
Energy Industrial Processes Agriculture Waste
2.3.1 Energy

The largest contribution in 2015 was from the energy sector, which contributed 82% to the total
emissions. Energy sector emissions have declined by 33% since 1990 and 4.1% since 2014.

For CO3; 97% of total net emissions came from this sector in 2015. Energy industries (category
1A1) were responsible for 34% of the sector's CO, emissions in 2015. There has been an
overall decline in emissions from this sector of 43% since 1990. During the early 1990s, after
the privatisation of the power industry in 1990, there was a strong move away from coal and
oil generation towards use of gas. Between 2010 and 2012 the trend reversed to see coal use
increase, but since then the decreasing trend has continued; the gas use trend also reversed
to decrease between 2011 and 2013. Non-nuclear renewable energy generation has over
tripled between 2010 and 2015.

Between 1990 and 2003, there was a 20% increase in the amount of electricity generated??;
this has since dropped to 1% below 1990 generation levels in 2015, between 1990 and 2015
there has been a 49% decrease in CO; emissions from power stations (Sector 1Ala). There
are several reasons; firstly, the shift towards use of Combined Cycle Gas Turbine (CCGT)
stations rather than conventional steam stations burning coal or oil — CCGT stations operate
at a higher thermal efficiency, for example in 2013 they operated on average at 47% efficiency,
whilst coal-fired stations operated on average at 36% efficiency. Secondly, the calorific value
of natural gas per unit mass carbon is higher than that of coal and oil. Thirdly, there has been
an increase in electricity generated from non-fossil fuel energy sources, due to increased use
of wastes and renewable energy sources, which in 2015, including nuclear energy, provided
44% of UK electricity generation.

Emissions from category 1A2 — Manufacturing Industries and Construction contributed 13% to
overall net CO; emissions in the UK in 2015. Since 1990, these emissions have declined by

21 LULUCEF is not included on this graph as it would make the other trends difficult to discern, see Table
2.3 for the numeric trends

22 Data from DUKES table 5.1.3
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44%, mainly as a result of a decline in the emissions from the Iron and steel industry. This
sector has seen a significant decrease in coke, coal and fuel oil usage, with an increase
occurring in the emissions from combustion of burning oil and waste.

Emissions of CO; from 1A3 (Transport) are dominated by road transport (1A3b), which in 2015
were responsible for 97% of the total emissions from transport. Emissions from road transport
peaked in 2007 at 11% above 1990 levels. Carbon dioxide emissions from road transport have
declined since 2007 back almost exactly to 1990 levels mostly due to improvements in average
fuel efficiency of vehicles, switching from petrol to diesel cars and a reduction in traffic volumes.
The increased displacement of fossil fuels by biofuels since 2002 has also had a significant
impact on total CO> emissions as carbon emissions from the consumption of biofuels are not
included in the UK totals. Emissions of CO, from domestic aviation (1A3a) increased by 66%
between 1990 and 2005, but have since shown a decrease of 39% since 2005 and are now
just 1% above 1990 levels. This is because of a move to use more fuel efficient aeroplanes in
2006 and a smaller number of air miles being flown.

Emissions of CO; in the domestic sector (1A4b) account for 75% of CO; emissions in 1A4.
Emissions from this sector changed little between 1990 and 2009 but have declined more
recently. The effect of annual temperatures can produce some large variations between any
two years. Fuel consumption data since 1990 indicates a general trend in fuel switching in
these sectors, away from more carbon-intensive fuels such as coal, coke, fuel oil and gas all,
towards natural gas. This shift has partly been driven by fuel prices but also through the growth
of the UK gas supply network (most notably in Northern Ireland).

Methane emissions in the energy sector are mostly from fugitive emissions (1B). In 1990, 64%
of these emissions came from the production of solid fuels (1B1); however, these emissions
have decreased by 84% and now make up just 21% of fugitive CH4 emissions. Fugitive
emissions from oil and gas operations (1B2) have also decreased over this period, by 59%.

N2O emissions from the energy sector have decreased by 27% since 1990 and accounted for
15% of total N.O emissions in the UK during 2015. Of this, 27% arose from energy industries
(1A1). Within this category, emissions from public electricity production (1Ala) have shown a
54% decrease since 1990. Over this period the use of coal has decreased and the use of
natural gas increased, as emissions of N-.O per GWh is significantly lower for natural gas use
than coal in power generation, this represents a significant reduction in N.O emissions.

The other major contribution towards N,O emissions within the energy sector is the transport
sector (1A3) (32%). Road transport emissions increased between 1991 and 1995, and since
2009, consistently decreasing otherwise. The trend is driven by 3 key factors; the changing
catalyst technologies (some of which reduce N2O, but others reduce NOx emissions by
converting it to N2O, hence increasing N2O emissions), the sulphur content of fuel (which has
decreased significantly due to regulation) impacts the effectiveness of catalysts and fuel
switching, as there’s a significant difference in the nitrogen emission from petrol and diesel
vehicles. The overall change in the N.O emissions from the transport sector between 1990
and 2015 is a decrease of 19%.

2.3.2 Industrial Processes and Other Product Use

Emissions of direct greenhouse gases within this sector have decreased by 50% since 1990.
For 2015, 47% of emissions in this sector were of CO3, although this made up only 4% of all
CO; emissions. Only small quantities of CHs and N>O came from this sector in 2015, whilst
100% of F-gases are assigned to industrial processes and other product use.

Since 1990, emissions of CO- have fallen by 35%, driven by reductions in activity in a number
of key sectors. In particular, CO, emissions from 2A1 (cement manufacture) have fallen by
39% due to closure of many kilns and decreasing cement production. Emissions from 2C1
(iron and steel) have fallen by 23%, also due to site closures and decreasing production, and
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the UK’s only primary lead/zinc smelter closed in 2003. The recent upward trend in CO:
emissions is driven by the iron and steel industry, from which emissions increased by 78%
between 2011 and 2013 primarily due to the reopening of a large site that was mothballed in
2010, changed ownership in 2011 and restarted production in 2012. Since 2013, emissions
from the sector have declined by 12%, driven largely due to the closure of one site in 2015.

Between 1990 and 2015, emissions of N,O from this sector declined by an estimated 97% due
to reductions in emissions from adipic acid manufacture (a feedstock for nylon) and nitric acid
production. N>O emissions from nitric acid manufacture show falls due to the closure of 4 plants
between 2000 and 2008 and due to the installation of abatement technology in the larger of
the remaining plants in 2011. Emissions from adipic acid manufacture were reduced
significantly from 1998 onwards due to the retrofitting of an emissions abatement system to
the only adipic acid plant in the UK, which subsequently closed in April 2009.

Since 1990, emissions of HFCs have increased by 11%. The largest contribution to this sector
in 2015 arises from category 2F1 — refrigeration and air conditioning equipment. In 2015, these
contributed 84% to the overall emissions of HFCs. Emissions from this category arise due to
leakage from refrigeration and air conditioning equipment during its manufacture, lifetime and
disposal. Emissions from aerosols contribute the next largest percentage (11%) to overall HFC
emissions. In this category, it is assumed that all the fluid is emitted in the year of manufacture.
This category contains mainly industrial aerosols and also metered dose inhalers (MDI).
Emissions from the manufacture of flurochemicals have decreased by 99.9% since 1990, due
to plant closures and the installation of abatement equipment.

PFC emissions have declined by 80% since 1990. A significant source of PFC emissions is
aluminium production, which is formed as a by-product during the process of aluminium
smelting. Since 1990, emissions arising from aluminium production have decreased by more
than 99% due to significant improvements in process control, an increase in the rate of
aluminium recycling and the closure of aluminium plants.

The use of SFs in magnesium foundries contributed 17% towards total SFs emissions in 2015,
and national emissions of SFs have decreased by 64% since 1990. Emissions from 2G — Other
contributed the remaining 83% towards emissions, which is dominated by emissions from
electrical insulation. Emissions arise during the manufacture and filling of circuit breakers and
from leakage and maintenance during the equipment lifetime. It also includes emissions from
applications in the electronics industry, sports shoes, particle accelerators, AWACS and tracer
gas.

2.3.3 Agriculture

Direct GHG emissions from agriculture in 2015 consisted of 62% CH., 35% N>O and 3% CO..
Total agricultural GHG emissions decreased by 16% between 1990 and 2015. CH4 emissions
have declined by 16%, driven mostly by a decline in emissions from enteric fermentation from
cattle due to decreased cattle numbers. N,O emissions have decreased by 15%, which has
been driven by both a decline in animal numbers and a decrease in synthetic fertiliser
application, particularly to grasslands.

2.3.4 Land Use, Land Use Change and Forestry

The UK has moved from being a net source of CO, from LULUCF activities in 1990 to a net
sink for all years since 1996, or 2001 for all gases. As the LULUCF sector comprises both
emissions and removals of greenhouse gases, expressing the change since 1990 on a
percentage basis can be misleading. Total estimated emissions of direct greenhouse gases
from the LULUCF sector fell from a source of 6 MtCO.e in 1990 to a sink of 7 MtCO.e in 2015.
The land use categories which have the greatest effect on the net LULUCF
emissions/removals are forest land (a net sink) and cropland (a net source). Forest land was
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a decreasing sink from 1990 to 2009 due to a lowering of the average age of trees as a
consequence of historically low rates of afforestation during the 1990s, but has shown no clear
trend in recent years. Emissions from cropland have decreased by 19% since 1990.

Compared to CO2, emissions of CHs and NO are relatively low in this sector. Methane
emissions from the forestry, cropland, grassland and settlements categories have increased
by 59% since 1990. The main reason for the increase in methane emissions is the increase in
deforestation areas (controlled burning emissions from deforestation) over the time series. The
other source of methane is from wildfires and the time series for this is very variable. Emissions
of nitrous oxide have decreased by 38% since 1990.

2.3.5 Waste

Overall emissions from the waste sector have decreased by 72% since 1990 and 7% since
2014. Over 99% of this reduction is due to a decline in methane emissions from landfill.
Emissions estimates from landfill are derived from the amount of biodegradable waste
disposed of to landfill and are based on a model of the kinetics of anaerobic digestion involving
four classifications of landfill site. The model also accounts for the effects of methane recovery,
utilisation and flaring. Since 1990, methane emissions from landfill have declined by 80% due
to the implementation of methane recovery systems. This trend is likely to continue as all new
landfill sites are required to have these systems and many existing sites may have systems
retrofitted.

2.4  EMISSION TRENDS FOR INDIRECT GREENHOUSE GASES
AND SO

The indirect greenhouse gases in the UK consist of Nitrogen Oxides (NOy), Carbon Monoxide
(CO), Non-Methane Volatile Organic Compounds (NMVOC) and Sulphur dioxide (SO,). Of
these, NOy, CO and NMVOC can increase tropospheric ozone concentration and hence
radiative forcing. Sulphur dioxide contributes to aerosol formation in the atmosphere. This is
believed to have a negative net radiative forcing effect, tending to cool the surface. Emission
trends for the indirect greenhouse gases are shown in Figure 2.7.
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Figure 2.7 UK Emissions of Indirect Greenhouse Gases for 1990 to 2015
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2.4.1 Carbon Monoxide

In 2015, the total emissions of CO were 1,669 Gg, and since 1990, emissions have decreased
by 77%.

Emissions of carbon monoxide from the energy sector contributed 81% to overall UK CO
emissions in 2015, 28% of these emissions occur from transport (1A3). Since 1990, emissions
from 1A3 have declined by 92%, which is mainly because of the increased use of three way
catalysts, although a proportion is a consequence of fuel switching in moving from petrol to
diesel cars.

Emissions from sector 1A2 contributed 25% to overall emissions of CO in 2015. Emissions
from within this category mostly come biomass combustion and off-road vehicles used in
manufacturing, industry and construction.

2.4.2 Nitrogen Oxides

In 2015, total emissions of NOx were 919 Gg, and since 1990, emissions have decreased by
69%.

98% of NOx emissions in the UK came from the energy sector in 2015. Since 1990 emissions
from this sector have decreased by 69%, mostly as a result of abatement measures on power
stations, three-way catalysts fitted to cars and stricter emission regulations on trucks. The main
source of NOy emissions from transport contributed 43% to the total emissions of NOx in the
UK, 79% of which arising from road transport (1A3b). From 1970, emissions from transport
increased (especially during the 1980s) and reached a peak around 1990. The reduction in
emissions since 1990 is due to the requirement since the early 1990s for new petrol cars to be
fitted with three way catalysts and the further tightening up of emission standards on these and
all types of new diesel vehicles over the last decade.

Emissions from the energy industries (1A1) contributed 29% to total NOx emissions in the UK
during 2015. Between 1990 and 2015, emissions from this sector decreased by 69%, the main
reason for this was a decrease in emissions from public electricity and heat production (1Ala)
of 76%. Since 1998 the electricity generators adopted a programme of progressively fitting low
NOy burners to their 500 MWe coal fired units. Since 1990, further changes in the electricity
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supply industry such as the increased use of nuclear generation and the introduction of CCGT
plant have resulted in additional reduction in NOx emissions.

Emissions from Manufacturing, Industry and Construction (1A2) have fallen by 66% since
1990. In 2015, emissions from this sector contributed 15% to overall emissions of NOx. Over
this period, the industrial sector has seen a move away from the use of coal, coke and fuel oll
towards natural gas and gas oil usage.

2.4.3 Sulphur Dioxide

In 2015, total emissions of SO, were 236 Gg, and since 1990, emissions have decreased by
94%.

93% of emissions of sulphur dioxide came from the energy sector in 2015, 58% of these
emissions arose from energy industries (1Al). Since 1990, emissions from power stations
(1A1a) have declined by 97%. This decline has been due to the increase in the proportion of
electricity generated CCGT stations, other gas fired plants, the increase in the proportion of
electricity generated in nuclear plants, and the application of Flue Gas Desulphurisation
abatement equipment on several of the largest coal-fired power stations in the UK. CCGTs run
on natural gas and are more efficient than conventional coal and oil stations and have
negligible SO, emissions.

Emissions from Manufacturing, Industry and Construction (1A2) were responsible for 19% of
UK emissions of SO, in 2015. Since 1990, emissions from this category have declined by 90%.
This decline is due to the reduction in the use of coal and oil in favour of natural gas, and also
some improvement in energy efficiency.

2.4.4 Non Methane Volatile Organic Compounds

In 2015, total emissions of NMVOCs were 837 Gg, and since 1990, overall emissions have
decreased by 72%.

Emissions from the industrial processes and other product use sector contributed 56% to
overall UK emissions of NMVOCs. 76% of these emissions in 2015 were from the Non-energy
Products from Fuels and Solvent Use sector which contributed 43% to total NMVOC emissions
in 2015 and since 1990 emissions have declined by 47%. Most of the remaining NMVOC
emissions in the industrial processes and other product use sector are from the food and drink
and chemicals industries.

28% of non-methane volatile organic compound emissions came from the energy sector in
2015. Of these, the largest contribution arises from the fugitive emissions of oil and natural gas
(1B2), which contributed 13% towards the overall UK emissions of NMVOCs in 2015. This
includes emissions from gas leakage, which comprise around 11% of the total for the energy
sector, the remaining emissions arise from oil transportation, refining, storage and offshore.
Emissions from transport (1A3) contribute 4.4% to overall emissions of NMVOC in the UK in
2015, but emissions from this sector have decreased by 96% since 1990.

2.5 EMISSION TRENDS FROM KP LULUCF ACTIVITIES

The main driver of the emission and removal trends for KP-LULUCF is the degree of forest
planting achieved between the 1950s and the 1980s, followed by a period of reduced planting
rates. As these forest stands have reached maturity and are now being harvested, the net
removal of carbon dioxide from forest management has started to fall. For Article 3.3 activities,
new planting expansion of forest area at an average of 24.0 kha per year since 1990 has
produced a net removal from afforestation and reforestation that is currently similar in
magnitude to the emission from deforestation. Deforestation emissions have however
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increased since 1990 due to harvesting of mature trees and the creation of open spaces within
woodlands.

Harvested Wood Products (HWP) are included in the 2" commitment period for KP as a
carbon pool. For Afforestation land this category includes all domestically produced wood
products since 1990. HWP from Deforestation land are estimated on the basis of
instantaneous oxidation (i.e. the loss of carbon in the biomass pools is estimated but the
carbon transfers to the atmosphere rather than to a HWP pool). The 2" commitment period of
KP uses a Forest Management Reference Level (FMRL), which supersedes the Forest
Management Cap used in the 1% commitment period. The UK included HWP in the FMRL
using first order decay functions. HWP from Forest Management are only included from 2013
as emissions from HWP from before the commitment period can be excluded as long as there
is consistency between the FMRL and the accounting during the commitment period.

For the 2nd commitment period the UK has elected to report on additional Article 3.4 activities
(Cropland Management, Grazing Land Management). Cropland Management and Grazing
Land management are reported for the first time in this submission.

Figure 2.8 shows net emissions/removals from afforestation, reforestation and deforestation
activities (Article 3.3). These activities were a net source of emissions in 1990, becoming a net
sink from 1993 onwards.

Figure 2.9 shows the net emissions and removals of greenhouse gases from the Article 3.4
activities Forest Management, Cropland Management and Grazing Land Management. The
emissions and removals from Forest Management are absolute values, not values relative to
the FMRL.

Figure 2.8 Article 3.3 Emissions and Removals, by gas and by activity
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Figure 2.9 Article 3.4 Emissions and removals, by gas and activity
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3 Energy (CRF Sector 1)

3.1 OVERVIEW OF SECTOR

Table 3.1 gives an overview of the energy sector. The Key Category Analyses (KCA) rank
combines the KCAs, and gives an indication of which categories contain or are a Key Category.
Smaller numbers relate to a higher ranking. More detail on how they’re derived along with a
KCA ranking summary table can be found in Section 1.5.1. The uncertainty estimate has been
taken from Monte Carlo analysis.

Emission trends are presented for 1990-2015 and 2014-2015. A description of the trends and
the main drivers behind these can be found in Chapter 2.

Table 3.1 Energy Sector Overview

Ener o __ 5 h ..
9 . |53 5 S | & <
o > @ 8 = = 2 .2 Methodology
x c n To) 0 < =
Greenhouse Gas G 5 | € gl o S E 3 EﬁceRr%TeCc?ion)
Source and Sink o = o=| o o Dy 2
Categories < S 98| & S S 38
~ S |Re|l & | & | &8 | &8
Total Energy 407 | -33% | -4% -1% -1%
A. Fuel combustion
activities (sectoral 396 | -30% | -4% -1% -1%
approach)
1. Energy industries 133 | -44% | -13% | -1% -1%
a. Public ele(_:trlcny and 2,6,7, 20 104 | -a9% | -16% | -1% 1% MS 1
heat production 32
b. Petroleum refining 326 £ 15% 14 -24% | 0% 0% 0% MS 1
¢. Manufacture of solid
fuels and other energy 2,6, 7, 3% 15 9% 5% 0% 0% MS 1, MS 2,
. . 32 MS 4
industries
2. Manufacturing
industries and 54 -44% | -5% -2% -1%
construction
a. Iron and steel 5,8, 10 9% 13 -39% | -11% | 0% 0% MS 3, MS 4
b. Non-ferrous metals 5,8, 10 5% 1 -88% | -2% -40% -9% MS 3
c. Chemicals 5,8, 10 5% 4 -65% | -2% -13% 0% MS 3
d. Pulp, paper and print 5,8, 10 6% 2 -56% | -3% 2% 0% MS 3
e. Food processing, 5810 |5% |4 [-41% |-1% |1% -1% MS 3
beverages and tobacco
f. Non-metallic minerals 5,8,10 11% 3 -63% | 6% 0% 0% MS 3
g. Other (please specify) | 5, 8, 10 5% 27 -32% | -3% -1% -1% MS 3, MS 6
3. Transport 118 | 2% 2% -1% -1%
a. Domestic aviation 30 20% 2 3% 0% -10% -11% MS 7
b. Road transportation 1 2% 111 | 1% 2% -1% -1% MS 8
c. Railways 29 18% 2 30% -6% 0% 0% MS 9
. S MS 10, MS
0, 0, 0, -20, -10 ’
d. Domestic navigation 25 17% 2 9% 5% 2% 1% 11, MS 12
e. Other transportation 20% 1 125% | 5% 0% 0% MS 6
4. Other sectors 90 -20% | 3% -1% 0%
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Energy D | B I . 3p
o R o o 5 S

o > GOl = E o o Methodology

= = @ O o o 5] ©
Greenhouse Gas g 5 | E gl B S 3 3 Eﬁiggﬁ?ion)
Source and Sink o g o= o o S S
Categories 5 ° | 28| 3 = § = § >

> S5 | Ko 2 & r & x 3
a. T 3,13,19 | 3% 20 -20% | 2% 0% 0% MS 5
Commercial/institutional
b. Residential 3,13,19 | 4% 64 -20% | 4% -1% 0% MS 5, MS 6
c.

. _ MS 5, MS 6,
g\grlculture/forestry/flshln 3,13,19 | 31% 5 -20% | 1% -2% 0% MS 10, MS 13
5. Other (as specified in o 50 o o
table 1.A(a) sheet 4) 2 e 2 0% 0%

a. Stationary N/A N/A IE N/A N/A N/A N/A

b. Mobile 23 8% 2 -62% | -2% 0% 0% MS 15, MS 16
B. Fugitive emissions o a0 10 o

from fuels 11 74% 3% 1% 0%

1. Solid fuels 12% 2 -92% | -14% | 1% 0%

a. Coal mining and 16 1 | -94% | -18% | 1% 0% MS 17, MS 18
handling

b. Solid fuel 16 0o | 74% |-1% | 0% 0% MS 4
transformation

¢. Other (as specifiedin | A NA |NO |NA | NA | NA N/A

table 1.B.1)

2. Oil and natural gas

and other emissions 34% 9 -49% | 0% -1% 0%

from energy production

a. Oil 15, 26 -74% | -10% | 0% 0% MS 19

b. Natural gas 15, 26 -63% | -7% -2% 0% MS 19, MS 20
c. Venting and flaring 15, 26 -17% | 7% 0% 0% MS 19

d. Other (as specified in

table 1.B.2) N/A N/A NO | N/A N/A N/A N/A

C. COz Transportand | 5 NA |NO | NA | NA | NA N/A

storage

1. Transport of CO2 N/A N/A NO | N/A N/A N/A N/A

2. Injection and storage N/A N/A NO | N/A N/A N/A N/A

3. Other N/A N/A NO | N/A N/A N/A N/A

Memo items:(1) N/A N/A 41 69% -2% 2% -1%

International bunkers N/A N/A 41 69% -2% 2% -1%

Aviation N/A N/A 33 116% | 1% 0% -1% MS 7
Navigation N/A N/A 7 -15% | -16% | 13% -1% MS 14
Multilateral operations N/A N/A NE | N/A N/A N/A N/A

CO2 emissions from 1109 o o o MS 1, MS 3,
biomass N/A N/A 36 % 16% 11% 17% MS 5. MS 8
CO2 captured N/A N/A NO N/A N/A N/A N/A

UK NIR 2017 (Issue 2) Ricardo Energy & Environment Page 112




Energy (CRF Sector 1) 3

3.2 FUEL COMBUSTION (CRF 1.A)

3.2.1 Comparison of Sectoral and Reference Approaches

The UK compares its Sectoral Approach (SA) and Reference Approach (RA) as one of the
means of verification of its energy sector GHG estimates in accordance with the UNFCCC
decision 24/CP.19 paragraph 40.

The Sectoral Approach is the detailed ‘bottom up’ sectoral methodology for estimating energy
CO; emissions described in Section 3.4, The Reference Approach is a ‘top down’ approach
for estimating energy CO, emissions using national fuel statistics that acts as a verification tool
for the Sectoral Approach.

The RA-SA comparison shows very close consistency between the two datasets (once the
major known differences are accounted for) for the UK, and provides verification of the reported
SA emission estimates for 1A. The UK greenhouse gas inventory is compiled using a detailed
Sectoral Approach methodology, to produce sector-specific inventories of the 10 pollutants in
accordance with the IPCC reporting format. These UK GHGI emission estimates are based on
bottom-up activity data, including:

e national energy statistics (DUKES) that present annual consumption of primary and
secondary fuels within different economic sectors in the UK; and

e a wide range of other statistical datasets (e.g. raw material extraction and use,
production statistics for minerals, metals, glass, cement, specific chemicals, waste
statistics, livestock and crop data, land use survey information) to generate estimates
of non-combustion emissions from other known sources.

As a verification of the detailed Sectoral Approach inventory estimates, the inventory agency
also calculates alternative UK emission estimates for carbon dioxide from energy sources in
the UK, using the IPCC Reference Approach. This is a top-down inventory compilation method,
which calculates emission estimates from National Statistics on production, imports, exports,
stock changes and non-energy uses of fossil fuels: crude oil, natural gas and solid fuels.

The Reference Approach inventory method utilises different sections of the UK national energy
statistics, combining aggregated data on fuel inputs and outputs from the overall UK economy,
using top-level data on oils, gas and solid fuels to assess the UK carbon balance for
combustion sources. This more simplistic, non-source-specific methodology provides a very
useful quality check against the more rigorous Sectoral Approach.

Differences between the RA and SA arise primarily due to statistical differences between
production-side and demand-side fuel estimates within national energy statistics, the exclusion
of carbon estimates from specific activities (e.g. some carbon within coke and coal deliveries
to the iron and steel and non-ferrous metal industries) and the more aggregated approach to
applying emission factors to activity data across fuel types.

Some minor adjustments to the reference approach has been made this year, mostly in
response to review recommendations.

3.2.1.1 Discrepancies between the IPCC Reference and Sectoral Approach

The IPCC Reference Approach total can be compared with the IPCC Table 1A total for all
fossil fuels, and under the new 2006 GLs approach the Reference Approach (RA) CO:
estimates for the UK typically range between 0.5% lower to 2.4% lower than the comparable
bottom-up emission totals of the Sectoral Approach (SA).

There are a number of ‘known differences’ between the reference approach and sectoral
approach which are discussed in the subsequent sections.
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3.2.1.1.1Statistical Differences in Energy Balance Data

The SA is based on the demand side of the national energy statistics, which is some cases
informs us to what quality of fuel may be used (e.g. petroleum coke used for anodes we expect
to be calcined). The RA however, uses the supply side of the national energy statistics. The
difference between the total of the supply and demand sides of energy statistics is the
statistical difference, which is a cause of differences between the RA and SA. Because of
evolving methodologies and improved data collection the statistical difference is generally quite
small in later years, but as some data are not available for earlier years the gap is much more
significant in the 90s.

The system of energy statistics operated by BEIS aims to keep UK statistical differences
(without normalisation) at less than 0.5% of energy supply, for total supply and also for each
fuel. Nevertheless, a proportion of the difference between the Reference Approach and the
Sectoral Approach totals will be accounted for by statistical differences.

3.2.1.1.2Application of Carbon Factors: Aggregated (RA) vs. Detailed (SA)

In the RA the carbon balance is calculated based on the apparent consumption of fuels, for
primary fuels (e.g. crude oil). This mean that the estimated carbon content of fuel that's
transformed into other fuels (e.g. petroleum products) is assumed to be accounted for by the
commodity balance for the primary fuel from which they’re derived, which differs from the SA
which estimates emissions at end use. Because the estimates of primary and derived fuel
carbon contents are made independently, the estimated carbon content of the primary fuel to
be transformed and the estimated carbon content of the resulting transformed secondary fuel
can differ, particularly as primary fuels have a generally more variable carbon content. In
general, we have greater confidence in the SA Carbon Emission Factors (CEFs) because they
are fuel/process/site specific and the carbon content of end use fuels are less variable than
primary fuels.

3.2.1.1.3Fuels Excluded from the UK RA

Emissions from use of waste oils, fossil-containing wastes, scrap tyres and waste solvents that
are reported within the SA but are not included in the estimates for the RA in the UK. The RA
doesn’t include complete emissions from these fuels because there isn’t complete reporting of
these fuels in UK energy statistics; the data for the SA is based on EU ETS and operator data.

3.2.1.1.4Treatment of Blast Furnace Gas

Some emissions from the blast furnace gas are reported under IPCC source categories 1Alci
and 1A2 in the UK GHGI SA. In the RA totals, the carbon in the blast furnace gas is excluded
from the total, as it is associated with the carbon content of coal and coke deliveries to the iron
and steel industry.

3.2.1.1.5Deviations from National Statistics

The UK GHG SA method deviates from UK energy statistics for specific fuels (e.g. natural gas,
OPG), in a handful of cases where industry data indicates higher usage than DUKES suggests.
More details on deviations from DUKES can be found in Annex 4.2.1. As the reference
approach is based on DUKES fuel balances, deviations from DUKES will lead to discrepancies
between the SA and RA.

3.2.1.2 Comparisons of UK Emissions: Sectoral Approach vs. Reference Approach
and Amended Reference Approach

Table 3.3 shows the percentage differences in CO; emissions from fuel combustion sources
between the IPCC Reference Approach and the UK GHGI (Sectoral Approach) IPCC sector
1A, for each year since 1990 and the resulting comparison when we have accounted for most
of the known differences. Table 3.2 gives a summary of the RA/Amended RA-SA comparison
for the 3 main fuel groups.
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Table 3.2 Summary of RA/Amended RA-SA comparison
< o X

% S E < E

e o < <8 ° 2 2 x 8

ET T < EgE | gg® 2 s 3 <

E < 2 < S 59 28« | 28« 5E< | B8 S
52 | €2 | e | oSy | 529 |82 |8l |gEte
>0 So Eac z85 | SEZ | SER | 258 2§85
Liquid Fuels 1.051 0.993 1.012 1.4% 1.017 0.980 0.999 0.7%
Solid Fuels 0.955 0.885 0.917 8.3% 1.035 0.970 1.009 1.4%
Gaseous Fuels 1.027 0.997 1.010 1.0% 1.007 0.994 1.000 0.1%
Total 0.995 0.976 0.983 1.7% 1.013 0.990 1.002 0.4%

2 Note that the average deviation is the average of the absolute values of (RA/SA-1) for each year, as the average ratio has the
potential to mask the scale of deviations by cancelling out higher and lower deviations.

It can be seen in Table 3.2 that the reference approach for liquid fuels is generally higher (on
average 1.2%?%) than the sectoral approach; there are some years with larger deviations, the
highest being a 5.1% deviation in 2000. In the adjusted RA the values are much closer to the
SA (on average 0.1% lower), and the extreme deviations are significantly curtailed so that the
greatest deviation in 1996 is less than 2%. There are still some stochastic variations from the
SA, which are likely linked to statistical difference which is why the average deviation is
significantly higher than the average % difference. By far the most significant difference
between the adjusted and non-adjusted RA was our estimate of the impact of the difference in
carbon between crude oil and derived petroleum fuels.

For solid fuels we can see that the RA is 4.5-11.5% lower than the SA in all years. This
difference is primarily due to the fact that we believe that a significant amount of blast furnace
gas is used for energy use (and report this in the energy sector), whereas the guidance
recommends that blast furnace gas should be excluded from the RA.

From 2000 the RA for gaseous fuels, which is based on supply statistics, is consistently 0.4-
1% higher than the SA and before then the relationship is less consistent. For gaseous fuels,
once the known differences presented in national statistics between total supply and total
production are accounted for, as well as known inventory deviations from national statistics,
the adjusted RA is on average <0.01% lower than the SA and never deviates by more than
0.7%.

The overall comparison between the Reference Approach (RA) and the Sectoral Approach
(SA) indicates that in most years the RA estimates are around 1.7% lower than the SA
estimates. However, once the RA is amended for known differences, the comparison is much
closer with a range of 1.3% higher (in 1992) to 1.0% lower (in 2011) than the SA; the adjusted
RA is on average 0.2% higher than the SA.

Overall the SA-RA-amended RA comparison shows that there is very close consistency
between the SA and amended RA datasets for the UK, and provides verification of the reported
SA emission estimates for 1A.

23 Note that the average deviation (in this case 1.6%) is the average of the absolute values of (RA/SA-1) for each
year, whereas the average % difference (in this case 1.5%) would be the average of (RA/SA-1). Average deviation
is always greater than or equal to absolute value of the average % difference.
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Table 3.3 Comparison of the UK Sectoral Approach, IPCC Reference Approach and Amended Reference Approach (total COy)
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
Sectoral Approach 1A (Mt CO») 559.4 | 570.1| 5546 | 540.6| 5334 5224| 5431 521.9| 5273 521.3| 5303| 5410 525.8
Reference Approach (Mt CO») 548.6 | 563.1| 551.8| 533.8| 5244 5148| 5320 5095| 5178 | 5145| 5262 | 5329 519.1

Reference Approach (Amended for 537.1 551.8 541.8 525.2 512.4 505.3 523.0 497.1 509.3 504.7 519.1 525.4 512.4
known differences) (Mt CO>)

RA/SA % -1.9% -1.2% -0.5% -1.3% -1.7% -1.5% -2.1% -2.4% -1.8% -1.3% -0.8% -1.5% -1.3%

RA/SA (amended) % 0.1% 0.8% 1.3% 0.3% 0.6% 0.4% -0.4% 0.0% -0.2% 0.6% 0.6% -0.1% 0.0%

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Sectoral Approach 1A (Mt CO>) 535.9 | 536.3| 5341 | 5342 | 5238 5131 | 4674 | 4846 | 4432 4634 | 4505 | 4105| 393.1

Reference Approach (Mt COz) 525.0 | 5266 | 5272 5237 | 511.8| 5038 | 4591 | 476.2| 4326 | 4540 | 4427 | 4016 | 3877

Reference Approach (Amended for 512.2 513.5 516.3 511.8 498.5 492.7 450.3 469.8 426.3 446.1 433.4 391.2 379.3
known differences) (Mt CO2)

RA/SA % -2.0% -1.8% -1.3% -2.0% -2.3% -1.8% -1.8% -1.7% -2.4% -2.0% -1.7% -2.2% -1.4%

RA/SA (amended) % 0.3% 0.6% 0.8% 0.3% 0.3% 0.3% 0.1% -0.4% -1.0% -0.3% 0.3% 0.4% 0.8%
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3.2.2 International Bunker Fuels (memo item)

International bunker emissions (international aviation and shipping) are not included in the
national total but are reported separately.

These estimates are consistent with the revised Tier 3 method now adopted for aviation and
described in MS 7 and the revised Tier 2 method adopted for shipping as described in MS 14.
The methods for the calculation of international bunker fuels are presented in the relevant
method statements.

Each year the Inventory Agency confirms that the UK energy balance is consistent with data
submitted to EUROSTAT and IEA and that the total fuel consumption used for the GHG
estimates is consistent with the UK energy balance. For marine bunkers the UK GHG
estimates are based on the difference between a bottom up calculation of domestic fuel use
for domestic shipping (including military uses of fuels allocated to domestic) and the UK energy
balance allocation for all marine fuels. This leads to a different domestic/international split in
fuel use allocation for marine fuels from the allocations in the national energy statistics
(DUKES) and submissions to IEA/EUROSTAT.

3.2.3 Feedstock and Non-Energy Use of Fuels

The methodology for estimating emissions from fuels used for non-energy purposes is set out
in the relevant sections of this NIR. A summary of the method, including all non-energy uses
is included in Annex 3.

The UK energy statistics (DUKES, 2016) contain an allocation for non-energy use for each
fuel in the commodity balance tables. The UK inventory estimates emissions from fuels,
including emissions arising from non-energy uses. In some cases, the inventory estimate for
non-energy use does not agree with the DUKES allocation, and reallocations are made
between energy and non-energy use for inventory reporting. In 2013, the Inventory Agency
carried out research into non-energy uses of fuels; this was followed up by the DECC energy
statistics team during 2014, and a series of revised allocations were introduced in the Digest
of UK Energy Statistics 2014 (DECC, 2014), improving consistency between the inventory and
the UK energy statistics. The activity data used for the national inventory and any deviations
from the UK energy balance are presented and explained in Annex 4.

The evidence that the Inventory Agency uses to make estimates for NEU includes:

e annual reporting by plant operators (e.g. EU ETS returns include data on the use of
process off-gases in the chemical and petrochemical production sector);

e periodic surveys or research by trade associations / research organisations /
environmental regulators, such as to assess the fate of coal tars and benzoles,
petroleum coke or waste oils, or the impact of regulations on solvents, waste, product
design and use; and,

¢ information on the estimated split of stored: emitted carbon from feedstock chemicals
in literature sources, including other country NIRs, where UK-specific information is
not available.

In many cases the energy statistics allocate fuels to non-energy use that are used in chemical
and petrochemical production processes where either:

o fossil carbon-containing off-gases are used for combustion in facility boilers; or

e products containing the “stored” carbon are subsequently used / partly combusted /
disposed and degraded with some proportion of the “stored carbon” in products
ultimately emitted to atmosphere.

UK NIR 2017 (Issue 2) Ricardo Energy & Environment Page 117



Energy (CRF Sector 1) 3

In other instances, the allocation of fuels to “non-energy use” in the UK energy balance is
contrary to other statistical evidence from industry or surveys that the Inventory Agency has
access to in the compilation of the national inventory. For example, in the UK the allocation of
petroleum coke to domestic and industrial combustion sources in the energy balance are
missing for many years in the time series, whereas evidence from environmental reporting
and research indicates that several industries use petroleum coke directly as a fuel or process
input (e.g. cement kilns, chemical manufacturing processes, domestic fuel manufacturers).

3.2.4 Use of UK Energy Statistics in the GHG inventory

The main source of official national statistics and energy balances data used in the UK
inventory is the Digest of UK Energy Statistics (BEIS, 2016), hereafter referred to as DUKES.
This annual publication gives detailed sectoral energy consumption broken down by fuel type,
and covering the entire time period relevant to the inventory. In many cases, these data are
used directly in the inventory without modification. However, the activity data used to derive
emission estimates in the UK inventory may not exactly match the fuel consumption figures
given in DUKES and other national statistics. This occurs for one of four reasons:

o Data in DUKES and other national statistics are not always available to the level of
detail required for inventory reporting. For example, activity data within DUKES do not
distinguish between fuel used in stationary and mobile combustion units. Emissions
from these different types of appliances have to be separately reported in the inventory
and furthermore they exhibit very different combustion characteristics and therefore
require application of different emission factors in the UK inventory.

e Data in DUKES and other national statistics are subject to varying levels of
uncertainty, especially at the sector-specific level, and in some cases more accurate
data are available from other sources. For example, the EU Emissions Trading System
provides more accurate fuel use data for several high-emitting industrial sectors which
is used in preference to DUKES data.

¢ DUKES and other national statistics do not include any data for a given source. For
example, DUKES does not provide any information on secondary fuels such as
process off-gases that are derived from petroleum feedstocks and are commonly used
as fuels in petrochemical and chemical industries.

¢ Where the BEIS DUKES team make improvements to national energy statistics, they
typically do not revise the full time series of data; usually, DUKES data are
retrospectively revised for up to the 5 most recent years. This can lead to step changes
in the DUKES time-series that are due to methodological differences rather than
reflecting real changes in fuel use. Therefore, to ensure time series consistency of
reported emissions, the inventory agency works with the BEIS energy statistics team
to derive a defensible historic time series back to at least 1990 for use in the UK
inventory. For example, in DUKES 2015 the estimates for residential wood use were
significantly revised due to new research into uptake of biomass combustion units. In
this case, the data were only revised back to 2008 in the DUKES 2015 statistical
publication, therefore new activity data for wood use in 1990-2007 were estimated by
the inventory agency in consultation with the DUKES team, which are then used in the
inventory in place of the published DUKES data.

The rationale for those modifications or deviations from DUKES data that are made, and the
sources of alternate data are discussed in the sections detailing methodology for each CRF
source category that follow Section 3. A summary of all modifications is given in Annex 4.

The modifications described above involve changes to the sector-level estimates of fuel use
used in the UK inventory, when compared with the original source data from DUKES. As a
general rule, the overall demand for each fuel in the UK inventory is kept consistent with the
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overall demand for that fuel in DUKES; the Inventory Agency approach is such that in almost
all cases, any modifications to the sector allocation of DUKES data is matched by an equal
and opposite allocation change in another sector, to ensure a zero net change in fuel demand
relative to DUKES. Annex 4 includes a series of tables that demonstrate this consistency
between the UK inventory and DUKES.

There are some exceptions to the general rule of consistency with DUKES, for petroleum coke
and for OPG, where other statistical evidence indicates that the energy balance data for fuel
combustion sources is incorrect, and where re-allocations of fuel use from the “non-energy
use” lines in DUKES are made by the Inventory Agency (see Annex 4).

Apart from DUKES, the main other data source used for fuel use estimates in the inventory is
the installation-level data available for processes covered by the EU Emissions Trading
System (BEIS, 2016), which has been analysed and compared with the data from DUKES.
Further details of the analysis of EU ETS and use of the data within the UK GHG inventory
are given in Annex 7. Further fuel consumption data are taken from the Environmental
Emissions Monitoring System (EEMS) data set (BEIS Offshore Inspectorate, 2016) and from
data supplied by the UK Mineral Products Assaociation (MPA, 2016), and from the UK solid
fuel supply sector (Roberts, 2015). These are used to modify fuel use and emission estimates
for 1Alc, 1A2f, and 1A4b respectively, and are described more fully in the sections below that
deal with those source categories.

Fuel use estimates for transport sources also rely upon data taken from DUKES, with some
further detail provided from other sources.

3.2.5 Biomass

Combustion of biomass and other biofuels is included in the UK energy statistics and also in
the UK inventory. The inventory considers the possible use of such fuels in all subsectors of
CRF 1A. The UK energy statistics reports biomass activity data that are complete for all UK
consumption, presented across a number of source sectors (including: 1Ala, 1A2g, 1A3b,
1A4b and 1A4c). These data are not wholly consistent with the needs of inventory reporting,
and it is likely that biofuels reported in 1A2g will include some consumption within 1A2d, 1A2e
and 1A4a, but the inventory agency does not have any data on which to base estimates at
this greater level of sector resolution.

Greenhouse gas emissions including CO; are estimated for these fuels and presented in the
relevant sections of the CRF. The CO, emissions from biomass are, however, not added to
the total UK emissions from fuel combustion and are instead recorded as a memo item.
Emissions of N.O and CH4 from biomass combustion are included within the UK inventory
totals although in the case of emissions from use of biofuels in road transport, the emissions
are not reported separately, and are instead included in the emissions reported for petrol and
DERV. The impact of biomass use on carbon stocks in the UK is recorded in the LULUCF
sector; biomass imported into the UK will affect the LULUCF sector in the country from which
the biomass is imported.

3.2.6 Unoxidized Carbon

When fuels are combusted, a small proportion of the carbon in the fuel is not fully oxidized.
For example, unburnt carbon can remain in the ash left after combustion of coal. Emission
estimates for CO; need to take account of any carbon in fuels that remains long-term in this
unoxidized form.

In the UK Inventory, it is assumed that unoxidized carbon is only significant for solid fuels. For
gaseous and liquid fuels, although some carbon might not be oxidized fully during combustion
(for example emitted as VOC or particulate matter), based on discussions with fuel suppliers,
it is assumed than any indefinite storage of unoxidized carbon will be sufficiently trivial to be
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ignored. For solid fuels, UK-specific assumptions are employed, either based on expert
judgements provided by UK industry, or based on EU ETS returns. Table 3.4 summarises the
assumptions used.

Table 3.4 Levels of unoxidized carbon assumed for the UK GHGI
Fuel Assumed unoxidized carbon
Type Fuel sub-type | Source Sector Years
UK GHGI® IPCC default
Gaseous | All fuels All sectors All 0% 0%
Liquid All fuels (incl. | All sectors All 0% 0%
petroleum
coke)
Solid Coal 1Ala 1990-2004 2%?
2005 1.8%"
2006 2.0%"
2007 1.7%"
2008 2.0%°
2009 1.9%"
2010 1.9%"
2011 1.8%"
2012 1.7%"
2013 1.8%" 0%
2014 1.8%"
2015 1.8%"
1A2f (cement) | All 0%
1A4b All 0%
All others All 0%
Anthracite 1A4b All 0%
Coke, solid 1A4b All 0%
smokeless All others All 0%
fuel

@ Expert judgements provided by UK fuel producers and fuel users (see Baggott et al, 2004).
b Calculated from site-specific EU ETS returns for all UK coal-fired power stations.

¢ From the 2006 IPCC Guidelines for National Greenhouse Gas Inventories, unless otherwise stated.

3.3 CO2 TRANSPORT AND STORAGE
Currently in the UK, CO, emitted from flue gases is not captured and stored. This source is
not occurring for the UK.

3.4 METHOD STATEMENTS

The rest of the energy chapter is structured using a series of inventory compilation “method
statements” in order to group together categories where the source data and methods are
similar, thus avoiding unnecessary repetition of method descriptions and improving the clarity
of the NIR. The method statements are numbered, and are cross referenced with the summary
table for the sector (Table 3.5), and have been grouped broadly to combine method
statements for stationary combustion, then mobile combustion, then fugitive sources.
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Table 3.5 Method Statement Scope: IPCC and Source Categories
MS IPCC categories Source categories
number

Stationary combustion

Power stations, refineries and other energy industries (collieries,

MS1 1Ala, 1A1b, 1Alcii gas production, nuclear fuel production)

MS 2 1ALcii Upstream oil and gas production - combustion

MS 3 1A2 Manufactu_ring industries and constructi_on (excluding iron and steel
use of derived fuels, and off road machinery)

MS 4 1Alci, 1A2a, 1B1b, 2C1 Iron and steel, and coke manufacture

MS 5 1A4ai, 1A4bi, 1A4ci Other stationary combustion

Mobile combustion

MS 6 1A2gvii,1A3eii, 1A4bii, | Off-road machinery
1A4cii
MS 7 1A3a, Aviation,
Memo item International aviation
MS 8 1A3b Road Transport
MS 9 1A3c Railways
MS 9 1A3d, 1A4ciii Shipping — coastal, and fishing in UK waters
MS 11 1A3d Shipping between UK and Gibraltar, and between UK and OTs
MS 12 1A3d Inland Waterways
MS 13 1A4ciii Fishing outside of UK territorial waters
MS 14 Memo item International shipping
MS 15 1A5b Naval Shipping
MS 16 1A5b Military aircraft
Fugitive sources (Except 1B1b — see MS 4)
MS 17 1B1lai, 1B1laii, 1B1a2i Coal mining and handling (excluding closed coal mines)
MS 18 1B1aliii Closed coal mines
MS 19 1B2 1B2 excluding: Oil refining, storage and distribution (1B2aiv to v) and
natural gas distribution (1B2biii to v)
MS 20 1B2biv, 1B2bv Gas leakage — transmission, distribution, point of use
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MS 1 Power stations, refineries and other energy industries

Relevant Categories, source names

1Ala: Power stations

1A1b: Refineries

1AZXciii: Collieries, gas production and nuclear fuel production

Relevant Gases
CO,, CH4, N2O

Relevant fuels, activities

Burning oil, Coal, Colliery methane, Fuel oil, Gas oil, Landfill gas, Liquid bio-fuels, LPG, MSW,
Naphtha, Natural gas, OPG, Orimulsion, Petrol, Petroleum coke, Poultry litter, Refinery
miscellaneous, Scrap tyres, Sewage gas, Sour gas, Straw, Waste oils and Wood

[Note that this MS excludes: coke production, smokeless solid fuel production (both MS 4) and
upstream oil and gas production (MS 2).]

Background

This Method Statement (MS) includes information about UK power stations, refineries and
other energy industries.

Table 3.6 shows the number of power stations in the UK, by the type of fuel burnt. The main
fossil fuels used by the UK electricity supply industry are bituminous coal and natural gas. The
number of coal stations has decreased markedly across the time series, and the number of
gas fired stations increased until 2012 but has declined since then. The share of total UK
electricity generated in 2015 was 26% from coal and 30% from natural gas. Nuclear stations
generated a further 24%, and almost all of the remaining 20% was generated from renewables
(6%) or non-thermal sources such as wind and hydro (14%).

Biomass is being burnt at an increasing number of power generation sites to help electricity
generators meet Government targets for renewable energy production. These sites use
poultry litter, straw, or wood as the main fuel, whilst many coal-fired power stations have
increased the use of biofuels such as short-rotation coppice to supplement the use of fossil
fuels. Electricity is also generated in a large number of engines running on biogas at landfill
sites and sewage treatment works. CO, emissions associated with biofuel combustion are
estimated and reported as memo items, but not included here; these emissions will be
reflected in the LULUCF carbon stocks of the country producing the fuel. Emissions of other
greenhouse gases from biofuel use are estimated and included in the national inventory totals,
in accordance with IPCC guidance on the treatment of biofuel-derived emissions.

Electricity is also generated at an increasing number of Energy from Waste (EfW) installations
in the UK. Formerly classed as municipal solid waste (MSW) incinerators, all such installations
have since the late 1990s been required to be fitted with boilers to raise power and heat, and
their emissions are therefore reported under CRF source category 1Al (electricity generation),
rather than 5C (Waste Incineration). Prior to 1997 at least some MSW was burnt in older
installations without energy recovery.
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Table 3.6 Power stations in the UK by type

Year Coal Eﬁel Gas oil | Gas Waste Biomass | Biogas Eiizliiir

1990 45 7 12 1 2 0 | Unknown? 19
1995 24 6 13 18 4 2 | Unknown? 16
2000 21 5 11 37 15 4 267 15
2005 17 3 13 49 20 5 461 12
2010 17 3 14 55 24 7 554 10
2012 16 3 13 56 26 9 565 9
2013 13 1 13 53 28 10 621 9
2014 13 1 13 51 34 10 628 9
2015 13 1 13 48 35 14 633 9

aNumber of power stations for early years is unknown although emissions are reported, biogas consumption is
obtained from DUKES.

Table 3.7 shows how the numbers of refineries vary over the period covered by the inventory.
The UK had 8 operating refineries during 2015, of which 2 were small specialist refineries
employing simple processes such as distillation to produce solvents or bitumen only. The
remaining 6 complex refineries are much larger and produce a far wider range of products
including refinery gases, petrochemical feedstocks, transport fuels, gas oil, fuel oils, lubricants,
and petroleum coke. The crude oils processed, refining techniques, and product mix will differ
from one refinery to another, influencing the energy use and emissions from the sector. A
seventh crude oil refineries ceased operation in November 2014, and four other major
refineries in operation in 1990 closed between 1997 and 2010.

Table 3.7 Refineries in the UK by type
Year Crude oil refineries Specialist refineries
1990 11 4
1995 11 4
2000 9 3
2005 9 3
2010 8 3
2012 7 3
2013 7 3
2014 7 2
2015 6 2
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Much of the crude oil and natural gas input to the refineries comes from a large number of
offshore installations in UK waters, together with a small humber of onshore production
facilities. Emissions estimates from these activities are described in MS 2, MS 19 and MS 20.
Coal is extracted in the UK from deep mines and open-cast sites. The UK production of coal
(especially from deep mines) is a rapidly declining industry and levels of UK activity are far
lower in recent years than in 1990. Emissions from combustion at UK collieries are covered in
this MS. Fugitive emission estimates from these mining and extraction activities are included
in MS 17 and MS 18.

Nuclear fuel production is a very minor user of fossil fuel in the UK, and is included in this MS.

Key Data sources
Activity data: DUKES, EU ETS, UK PIA

Emission Factors: Carbon factors are predominantly derived from EU ETS data (2005
onwards) and from the 2004 Carbon Factors Review (Baggott et al.,
2004), with some solid fuel factors derived from UK research (Fynes and
Sage, 1994); non-CO; EFs are predominantly IPCC defaults (IPCC,
2006).

An accompanying spreadsheet “Energy_background_data_uk_2017.xIxs” lists all emission
factors used in the energy sector, including a full list of references?*. The justification for use
of several references, such as EU ETS, the 2004 Carbon Factors Review and Fynes and
Sage, are presented in Annex 3.1.2.

Table 1.6 gives additional information for common activity data sources.

Method approach
The calculation of direct greenhouse gases for the sources covered by this MS is:
UK Emissions = EF x AD

The sources of emission factors and activity data are summarised under “key data sources”
above, with a full list of emission factors set out in “Energy_background_data_uk_2017.xIxs”.
The activity data are taken from DUKES, noting the exceptions set out under Assumptions &
observations, below. Annex 4 described the energy balance for the UK and how this is used
for the inventory, and any deviations from these data.

Assumptions & observations

e Power stations - gas oil / fuel oil / burning oil activity data: DUKES reports less
fuel oil burnt by power producers than is reported by operators either directly to the
Inventory Agency or via the EU Emissions Trading System (EU ETS). For some years
this is also true of gas oil, and in the case of burning oil, DUKES does not give any
figures for any year. For each oil therefore, we take the larger of either the DUKES
figure or the operator data each year. Where we choose to use the operator data, fuel
is reallocated from industry (1A2) to power stations to ensure consistency with the
operator data, while maintaining consistency with the overall UK fuel consumption data
in DUKES;

24 This can be found as one of the additional documents in on
http://naei.defra.gov.uk/reports/reports?report_id=929. Note that there can be a delay
between the NIR being published on the NAEI website after official submission.
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o Power stations — oxidation factors (OF). All UK coal-fired power stations report to EU
ETS and present installation-specific data on coal compaosition (carbon content), and
the fuel OF. The weighted-average figure is reported in Table 3.4 above. The range
of OFs at UK coal-fired stations is typically 95-99%. There are some UK power stations
that consistently report a low OF due to the grate design and nature of the coal fired;
in 2015, the lowest OF reported is around 96.2%, whereas most stations report 98-
99%. The factors presented in “Energy_background_data_uk _2017.xIxs” are the
factors including consideration of the oxidation factor. The data for recent years are
taken from installation-specific analysis through EU ETS, and from the underlying data
we can derive the weighted average oxidation factor across all UK coal-fired power
stations. The data for earlier years are all taken from the Carbon Factors review in
2004. The data may be low compared to the IPCC default, but they are based on
country-specific analysis and the CEF is consistently low across the time series. For
1990-2004, the assumed oxidation factor for power station coal is 0.98. For 2005
onwards, CS oxidation factors are derived from the EU ETS data. These EU ETS data
indicate that 0.98 is a defensible estimate.

e Power stations — MSW: The activity data reported in the UK inventory is a
combination of fossil and bio-wastes and there has been analysis conducted by Defra
on waste composition to derive a fossil carbon only factor, which is as used here. Table
28 of Defra report “WR1003 Biodegradability of municipal solid waste” presents the
percentage split of biogenic and fossil carbon according to waste type, and these
percentages have been applied to UK specific waste compositions.

o Refineries - OPG activity data: As noted in the Recalculation justification & summary
of change section below, for OPG, discrepancies in activity data are evident between
EU ETS and DUKES. Based on data from EU ETS and the refinery trade association,
UKPIA, under-reports were identified in the UK energy balance data for the refinery
sector from 2004 onwards, although not in all years. The estimates for 2004 in the UK
GHGI are therefore based on UK Petroleum Industry Agency (UKPIA) data, whilst the
data for 2006-2011 and 2013-2015 are based on EU ETS data. Data from DUKES are
used for 2005 and 2012. Prior to 2004 the UK GHGI emission estimates based on
DUKES energy data are closely consistent with UKPIA sector estimates, and are
therefore retained; and,

o Refineries - Petroleum coke activity data: Similar to the issue noted above for OPG,
comparison of the AD presented in DUKES versus the AD reported via the EU ETS
indicates for several years that the DUKES AD are under-reported. The UK GHGI
estimates from refinery petroleum coke use are therefore based on the higher value of
DUKES or EU ETS and applying the EF for petroleum coke provided by UKPIA; EU
ETS data are higher (and therefore used in the GHGI, deviating from DUKES) for all
years 2005 to 2010 and again in 2013 and 2015. In 2011, 2012 and 2014, the DUKES
data are higher than EU ETS and are therefore retained; we note, however that this is
a possible over-report and leads to UK GHGI emission estimates for the sector as a
whole being higher than EU ETS totals in 2012. The Inventory Agency retains this
approach in order to use EU ETS emission estimates as a de-minimis, and taking a
conservative approach to deriving the time series of refinery emissions. Note that the
UK GHGI estimates for the refinery sector are also higher than the EU ETS figures for
2005: this is because DUKES reports higher consumption of other fuels (including fuel
oil and natural gas) than given in EU ETS, rather than due to differences for OPG and
petroleum coke as in 2012.

Recalculations

Activity data revisions include:
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e Revisions to DUKES, particularly for 2014 (for MSW, and for all major refinery fuels),
and also minor revisions to fuel use in downstream gas distribution (LALciii);

For emission factors:

e Revisions to assumed calorific values for wood and coal used in power stations leading
to changes in emission factors for CHs and N>O. These factors are taken from the
2006 IPCC Guidelines and are on an energy basis whereas the UK activity data are
on a mass basis.

Quantitative information on recalculations is included in Chapter 10.

Improvements (completed and planned)
Completed: Recalculations and updates completed as described above.

Planned/Ongoing: Emission factors and activity data remain under annual review.

QA/QC
Specific QA/QC and validation exercises relevant to these source categories include:

¢ The Inventory Agency conducts extensive quality checks on the operator-reported EU
ETS data covering: emissions, AD, EFs, NCVs. The QC assesses the fuel quality data,
time-series consistency of reported data by installation, detailed source-specific EU
ETS data against the installation-wide total emissions reported to the EU Transaction
Log, and comparisons between DUKES and EU ETS AD to identify and resolve any
potential mis-allocations or under-reports in the DUKES dataset. Findings are
discussed with the BEIS energy statistics team and (where necessary) the EU ETS
regulators and/or operators. This process has led to many significant improvements in
UK GHGI accuracy;

e The comparison of the reference/sectoral approach;

e A bilateral exchange with Denmark in 2015, providing peer review and quality
assurance in updating to 2006 Guidelines; and

e A bilateral exchange with Germany in 2014, providing peer review and quality
assurance of the energy sector and refinery estimates. (Ricardo-AEA, 2014).

The energy AD used in these estimates that come from DUKES are subject to the UK Statistics
Authority’s Official Statistics Code of Practice®. The EU ETS data, is subject to its own QA
process, defined and managed by the competent authority and compliant with EU rules.

Time series consistency

Activity data for petroleum coke and OPG consumption in refineries are based on DUKES
data for certain years, and EU ETS or trade association (UKPIA) data for other years in the
time series. This is described in the method approach section above. The differing data
sources have been used to ensure a consistent complete coverage of emissions from
refineries, addressing under-reports in DUKES and ensuring the time series consistency is
maintained.

For some sources and fuels, carbon emission factors are taken from Baggott et al., for the
period 1990-2003, and from ETS for 2005 onwards (2004 is interpolated). This makes best
use of available data and the time series trend of EFs shows a smooth transition between data
sources. We note that the key data providers that informed the 2004 Carbon Factors Review
are the same operators of high-emitting plants (i.e. power stations, refineries, cement kilns,

25 Available from http://www.statisticsauthority.gov.uk/assessment/code-of-practice
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iron and steel works) that subsequently provide data to the EU ETS. Therefore, whilst the EU
ETS data provides a larger dataset of more detailed, installation-specific fuel composition and
hence carbon emission factors for recent years, the underlying source data available prior to
EU ETS comes from the same operators. This means that, despite use of a smaller dataset
prior to the availability of EU ETS data, the time series consistency of this approach is good.

For some sources, for example power station use of petroleum coke; the UK estimates are
derived from mass-based data in the EU ETS, with the figure for 2005 applied back across
the time series, and this time series on a mass basis is actually very stable.

Uncertainties

Uncertainties for both activity and emission factors are based on expert judgement. The
uncertainty analysis set out in Annex 2 provides details of these uncertainty values.
Uncertainties in fuel use statistics are typically low. The carbon emission factors are based on
UK specific data. Since there is a direct link between the carbon emitted and the carbon
content of the fuel, it is possible to estimate CO; emissions accurately. Non-CO, emissions
are dependent on a greater number of parameters, and are largely based on defaults. As
such, the uncertainties are higher, but since the emissions are smaller, this does not have a
significant impact on the overall uncertainty of total GHG emissions.

MS 2 Upstream oil and gas production — fuel combustion

Relevant Categories, source names
1Alcii: Upstream gas production — combustion;
Upstream oil production - combustion;
Upstream oil and gas production — combustion at gas separation plant

Relevant Gases
CO,, CH4, N2O

Relevant fuels, activities
Gas oil, Natural Gas, LPG, OPG

Background

Crude oil and natural gas are produced mainly from a large number of offshore installations
located in the North Sea, together with a small number of production facilities in the Irish Sea
or on land. In addition, crude oil, gas and condensate are treated at onshore terminals in the
UK. The emissions in 1Alcii comprise all of the fuel combustion emissions at these
installations. LPG and OPG are used for fuel combustion at onshore terminals. Gas oil and
natural gas (i.e. untreated natural gas, upstream of gas processing facilities) are widely used
as fuels in combustion units across the upstream oil and gas industry.

Key Data sources

Activity Data: Primarily taken from DUKES (BEIS, 2016), with some supplementary
data from the EU ETS and EEMS data sets (both from BEIS Offshore
Inspectorate, 2016).

Emission Factors: Carbon factors for natural gas are derived from operator-reporting to EU
ETS and EEMS (both from BEIS Offshore Inspectorate, 2016),
supplemented by periodic analysis for the earlier years in the time series
(UKOOA, 2005); the carbon factors for LPG and gas oil are derived from
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the 2004 Carbon Factors Review (Baggott et al, 2004); the carbon factor
for OPG used at gas separation plant is taken from the IPCC 2006
Guidelines CEF for ethane. Methane and Nitrous Oxide EFs are based
on operator reporting via EEMS from 1998 onwards with earlier data
based on industry research (UKOOA, 2005).

An accompanying spreadsheet “Energy background data_uk 2017.xIxs” lists all emission
factors used in the energy sector, including a full list of references?*. Table 1.6 gives additional
information for common activity data sources.

Method approach

Fuel consumption data for this source are largely taken from DUKES, with the exceptions
noted below.

Amendments are made to DUKES activity data for LPG, OPG and natural gas, in consultation
with the BEIS DUKES team as the combined EEMS and EU ETS activity data for these fuels
are considered to be more complete. These deviations from DUKES are as follows:

e From 2003 onwards there are no data in DUKES for LPG/OPG use in oil & gas
terminals and therefore EU ETS data are used to provide activity and emission
estimates; and

e Prior to 2001 (when BEIS energy data gathering systems were updated) the
collection of data on natural gas use at oil and gas facilities was incomplete.
Therefore, the more complete and consistent data available from EEMS has been
used to generate new estimates of natural gas use for the upstream sector back
to 1990.

Operator reporting via the EEMS and EU ETS mechanisms both provide activity and
emissions data from the consumption of gas oil and natural gas in combustion units in the
upstream oil and gas industry. EU ETS data are only available from 2005 onwards and have
an incomplete scope (i.e. not all combustion activities are included within EU ETS), whilst
EEMS data are available from 1998 onwards with more limited periodic industry research
available to inform activity and emission estimates for 1990-1997 (UKOOA, 2005).

Activity data for natural gas use from DUKES is compared against data reported via EEMS
and EU ETS; where any DUKES under-reports are observed then the DUKES data are
modified (see above). Carbon emission factors for natural gas are derived from the EEMS
data and applied to the DUKES (or modified DUKES) activity data. The calculated (implied)
emission factor is cross checked with UK specific natural gas emission factors to ensure that
the upstream gas composition is broadly consistent with downstream gas CEFs.

The method for gas oil is simpler; the activity data are taken from DUKES and a carbon
emission factor is applied that is derived from the 2004 Carbon Factors Review. There are no
modifications to DUKES activity data, as analysis of the EEMS dataset is used by the BEIS
energy statistics team in deriving the commodity balance estimates for gas olil, i.e. the EEMS
data are ultimately the source of the DUKES allocation for the sector, so there are no data
discrepancies.

For LPG and OPG combustion, the DUKES activity data are used from 1990-2002. For 2003
onwards, there are no DUKES data so the operator-reported activity data within EEMS are
used, with (from 2008) the EU ETS activity data also considered. Carbon emission factors are
derived from the 2004 Carbon Factors Review (for LPG) and from the IPCC 2006 GLs (for
OPG).

Assumptions & observations

Emissions from OTs and CDs are Not Occurring for this source.
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Recalculations

There have been no method changes but there have been minor recalculations due to some
small changes in the interpretation of EEMS data, leading to reallocation of some emission
sources within 1Alci, and also some small changes in emission totals. DUKES data for natural
gas fuel used in gas distribution have also changed slightly. The impact of changes is set out
in Section 10.

Improvements (completed and planned)

Emission factors and activity data remain under review.

QA/QC
Specific QA/QC and validation exercises relevant to these source categories include:

o the comparison of the reference/sectoral approach;

e comparison of EEMS, EU ETS and DUKES activity data for natural gas combustion.
The data underpinning DUKES estimates are gathered via the Petroleum Producers
Reporting System (PPRS) which presents facility-level activity data that are compared
against EEMS and EU ETS to identify and reconcile any data inconsistencies;

e comparisons between EEMS and EU ETS, to review installation-specific activity data
and emissions data (and hence implied IEFs for each site and source) to identify any
possible gaps in the EEMS dataset, using EU ETS as a de-minimis. The EU ETS data
typically covers a smaller scope of activities on a given installation, but the data quality
(AD, EFs) are third-party verified, whereas the EEMS dataset should be a
comprehensive record of all combustion activities on upstream oil and gas installations
but the data are subject to less rigorous QC.

The energy AD used in these estimates that come from DUKES are subject to the UK Statistics
Authority’s Official Statistics Code of Practice?®. EU ETS data is subject to its own QA process.

Time series consistency

Extensive consultation over many years with the BEIS energy statistics team has enabled the
Inventory Agency to clarify areas of the DUKES data that are incomplete for the upstream oil
and gas sector, and to take steps to address these gaps. Wherever possible the Inventory
Agency has filled activity data gaps with operator-reported estimates; this is possible as there
are a defined number of installations that are active in this sector and their activities are
generally well documented with gaps in data being relatively minor.

The quality checks between different reporting mechanisms (PPRS and DUKES, EEMS, EU
ETS) and significant overlap of the data reported (DUKES across all years; EEMS all years
since 1998 with limited data for 1996 and 1997; periodic industry reports by the trade
association, UKOOA; EU ETS all years since 2005) enables the Inventory Agency to deploy
gap-filling techniques that are consistent with IPCC GLs and Good Practice Guidance (GPG).
For example, the extrapolation of natural gas activity data from 1990 to 2000 (to address a
gap in DUKES) is based on analysis of the data reported during 1998 to 2000 (“overlap” years)
in EEMS and DUKES, which indicates a systematic under-report in DUKES data of an
estimated 14% per year (then used to uplift the reported DUKES data for 1990-1997). There
is a higher uncertainty associated with the estimates for earlier years, but the inventory method
has been developed to minimise that uncertainty despite the data limitations.

Uncertainties

Uncertainties for both activity and emission factors are based on expert judgement. The
uncertainty analysis set out in Annex 2 provides details of these uncertainty values.
Uncertainties in fuel use statistics are typically low. However, we note (as outlined in the
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section above) that there are known data gaps in national statistics for earlier years of the time
series and hence uncertainties for the estimates in 1990 are higher than for recent years where
much more extensive and complete operator-reporting of activity and emissions are evident.
The carbon emission factors are based on UK specific data. Since there is a direct link
between the carbon emitted and the carbon content of the fuel, it is possible to estimate CO-
emissions accurately. Non-CO; emissions are dependent on a greater number of parameters,
and are largely based on defaults. As such, the uncertainties are higher, but since the
emissions are smaller, this does not have a significant impact on the overall uncertainty of
total GHG emissions.

MS 3 Manufacturing industries and construction (excluding iron
and steel use of derived fuels, and off road machinery)

Relevant Categories, source names

1A2a — Iron and Steel (combustion) — excluding blast furnace gas, coke oven gas and coke
(see MS 4)

1A2b - Non-Ferrous Metal (combustion)

1A2c - Chemicals (combustion)

1A2d - Pulp, Paper and Print (combustion)

1A2e - Food & drink, tobacco (combustion)

1A2f - Cement production — combustion, Lime production - non decarbonising

1A2gvii - Other industrial combustion, Autogeneration - exported to grid, Autogenerators

Relevant Gases
CO;, CH4, N2O

Relevant fuels, activities

Biogas, Biomass, Burning oil, Coal, Coke, Coke oven gas, Colliery methane, Fuel oil, Gas olil,
LPG, Natural gas, OPG, Petroleum coke, Scrap tyres, Waste, Waste oils, Waste solvent,
Wood, SSF

Background

This MS covers the use of fossil fuels for heat and power production in industry. Estimates
cover a range of large and small installations. Larger installations are included in the EU ETS,
but there are large numbers of small industrial plants which are not. Sectoral emissions for
iron and steel, non-ferrous metal, chemical, paper, food and drink, and mineral industries are
reported under 1A2a to 1A2f. Emissions for fuel use that cannot be allocated to these
industries are reported under 1A2g.

According to the 2006 IPCC GLs, electricity generation by companies primarily for their own
use is autogeneration, and the emissions produced should be reported under the industry
concerned. However, most National Energy Statistics (including those of the UK) report fuels
used by industry for electricity generation as a separate category. The UK statistics for
autogeneration covers all industry sectors in a single figure for coal use, and another for
natural gas. The UK inventory attempts to report this as far as possible according to the IPCC
methodology by placing emission estimates in 1A2g, except for where further information is
available to allow the allocation to another source category.
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The sectoral estimates reported under 1A2a to 1A2g include fuels reported in the national
energy statistics for ‘heat generation’. These are fuels that are used by sites that generate
heat for other users e.g. many UK paper mills and chemical manufacturers are supplied with
steam from a separate combustion plant run on a neighbouring site by a different operator.
The re-allocation from the heat generation category to industry sectors is made on the basis
of estimates provided by UK energy statisticians.

Key Data sources

Activity Data: DUKES (BEIS, 2016), cement sector fuel use estimates (MPA, 2016)
and, installation-specific activity data from EU ETS e.qg. for lime kilns (EA,
SEPA, NRW, NIEA, all 2016).

Emission Factors: Where available, operator-reported EFs from EU ETS are used for high-
emitting source sectors. Other UK CS CEFs are taken from the 2004
Carbon Factors Review (Baggott et al.,, 2004). Defaults for non-CO
gases are derived from IPCC (IPCC 2006).

An accompanying document “Energy background data _uk 2017.xIxs” lists all emission
factors used in the energy sector, including a full list of references. Table 1.6 gives additional
information for common activity data sources.

Method approach

For most source estimates, the inventory method uses national energy statistics and applies
country-specific factors for CO; (Tier 2), and default factors (typically from IPCC) for other
gases (Tier 1).

DUKES provides most of the energy activity statistics. The full breakdown is available for all
categories under 1A2 for coal, natural gas, fuel oil and gas oil. Other fuels such as LPG, coke
and burning oil cannot be split within 1A2 and are therefore allocated solely under 1A2g due
to a lack of any data on sectoral use in DUKES. A number of approaches are used to fine tune
the allocation of energy use under the different subcategories to ensure consistency with other
datasets such as EU ETS, industrial data (e.g. from trade associations) and other estimates
in the GHG inventory (e.g. the off-road machinery model). These approaches are listed below:

e Fuel use in cement kilns (1A2f) is collected from process operators, via the Mineral
Products Association (MPA). These data are not complete for all of the earlier part of
the time series, so some assumptions have to be made to fill these gaps (see
assumptions). Reallocations are sometimes made between cement and other
subcategories compared with DUKES, to account for known fuel uses;

o Fuel use in lime kilns (1A2f) is estimated based on EU ETS data. All lime kilns are
included in the scope of EU ETS from 2008 onwards, so there is a full set of fuel data
for 2008-2015, with incomplete data for the years 2005-2007. For the earlier part of
the time-series, fuel use is estimated by extrapolation from the EU ETS data using lime
production estimates;

e Balancing of energy consumption data between 1A2 and other source categories, to
accommodate source-specific AD from other data sources (e.g. operator data, EU
ETS) in preference to DUKES data. Key examples of fuel re-allocations in 1A2 are: AD
for natural gas for gas network operators (i.e. gas use re-allocation between 1A2 and
1Alc); AD for oils for power stations (i.e. gas and fuel oil re-allocations between 1A2
and 1Ala);

e Analysis of EU ETS indicates that there are a number of installations which use
petroleum coke as a fuel, where there is no such allocation of petroleum coke as a fuel
for that source in DUKES. The inventory agency therefore re-allocates some petroleum
coke from the non-energy use estimate in DUKES to address this reporting
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discrepancy and align emission estimates in 1A2f and 1A2g with EU ETS. This re-
allocation increases the overall reporting of petroleum coke as an emissive energy
use, deviating from DUKES;

e Analysis of EU ETS data has identified several chemical and petrochemical
manufacturers that utilise carbon-containing process off-gases and residues as fuel
sources. Consultation with industry and with the BEIS energy statistics team has
clarified that in DUKES the delivery of feedstock materials to chemical and
petrochemical sites are reported as non-energy use, with no subsequent reporting in
DUKES of the use of process off-gases as an energy source in these industries. The
EU ETS data are therefore used to derive inventory estimates to account for this use
of feedstock-derived process gases, which are reported as “other petroleum gas” use
within the inventory, in addition to DUKES allocations to fuel use in these sectors.
However, in accordance with the 2006 GLs, these emissions are reported under
source category 2B8 (see IPPU chapter) rather than 1A2; and,

e Separation of gas oil used for stationary and mobile machinery is based on data on
populations of mobile equipment, or train or ship movements etc. The approach
developed for allocating gas oil between different source categories is described in
Annex 4.

Emission factors for carbon are almost exclusively derived from country specific data. Site-
specific data, (including both EU ETS data, and data provided by process operators directly
or via industrial trade associations) is aggregated up to generate factors for a small number of
sectors. Sector-wide factors are derived in other cases based usually on the methods
described in Baggott et al, 2004. Emission factors for waste oils are based on the analysis of
8 samples of waste oils collected from UK sites in 2003. The factors for coke and other
manufactured fuels are based on carbon balance approaches (see MS 4 for coke). Emission
factors for methane and nitrous oxide are largely IPCC defaults. An accompanying
spreadsheet “Energy background _data uk_2017.xIxs” lists all emission factors used in the
energy sector, including a full list of references?*

Assumptions & observations

e Breakdown of fuel use for cement from the MPA data are not available for 1991-1999,
and so fuel usage for these years must be interpolated between the 1990 and 2000
data, taking into account changes in cement clinker production in each year; and,

e Combined Heat and Power (CHP) systems where all of the electricity is fed into the
public supply are classified as power stations and excluded from estimates described
here.

Allocation of industrial electricity generation:

e The UK’s statistical data for autogenerators relate to fuels used for electricity
generation by companies primarily for their own consumption. This includes CHP
systems where electricity is used by the generator. The UK methodology allocates gas-
fired autogeneration to 1A2g (as no other sub-categorisation is available) while coal
use by autogenerators is allocated to 1A2b since almost all of the coal is known to
have been used in a power station, operated by an aluminium producer, which supplied
electricity to their smelter operation. The smelter closed in 2012 and since then the
power station has supplied electricity to the national grid and coal used at the site is
now allocated to 1Ala.

Recalculations
The following summarises the recalculations in 1A2:

o DUKES data revisions have affected data in later years;
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e Natural gas used in the manufacture of methanol & emissions arising from that use
have been transferred to 2B8. Since the UK’s only plant closed in 2001, this revision
only affects data for 1990-2001;

e DUKES included a new category of fuel oil use in their latest publication (by the oil &
gas extraction sector). Data were only available for 2014 and 2015 and it was unclear
whether this meant that fuel oil was only used by that sector in the last 2 years, or that
separate data were only available for the last 2 years. Until this can be clarified, we
have assumed that fuel oil was previously used by the oil & gas extraction sector but
that it was reported within the industrial figures. To maintain consistency therefore, we
have added this fuel oil use to 1A2guviii;

e Similarly, DUKES has also added new data for propane use by the commercial sector
from 2013 onwards only. Pending clarification of whether propane might also have
been used before 2013, we have added this propane to our estimates for 1A2gviii;

e A correction has been made to estimates for petroleum coke used in industry in 2014,
leading to a small re-allocation of emissions among various emission categories (1A2
& 2D3);

e Emission factors for CH4 and N2O have been reviewed and some changes made to
the assumptions regarding calorific values of UK fuels. Since the factors are derived
from IPCC default factors (expressed on an energy basis) but converted to a mass
basis, the revisions to calorific values have an impact on the UK factors. Changes are
relatively small, however;

¢ The method for allocation of gas oil across the various mobile and stationary industrial
sub-sectors has been revised following a review of the model used. This results in re-
allocations from 1A2b-1A2e to 1A2gyviii for the early years of the time series.

Improvements (completed and planned)

Completed: Recalculations and updates completed as described above.

Planned/Ongoing: Emission factors and activity data remain under annual review.

QA/QC
Specific QA/QC and validation exercises relevant to these source categories include:

e the comparison of the reference/sectoral approach; and,
e comparison of EU ETS data with DUKES and data direct from industry

The energy AD used in these estimates that come from DUKES are subject to the UK Statistics
Authority’s Official Statistics Code of Practice®.

The EU ETS data, is subject to its own QA process, defined and managed by the competent
authority and compliant with EU rules.

Time series consistency

Differences in data sources across the time series are noted in the method approach section
above. These do not lead to time series consistency issues, since they have been introduced
in order to ensure the scope of emissions included remains consistent.

Uncertainties

Uncertainties for both activity and emission factors are based on expert judgement. The
uncertainty analysis set out in Annex 2 provides details of these uncertainty values.
Uncertainties in fuel use statistics are typically low. The carbon emission factors are based on
UK specific data. Since there is a direct link between the carbon emitted and the carbon
content of the fuel, it is possible to estimate CO; emissions accurately. Non-CO, emissions
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are dependent on a greater number of parameters, and are largely based on defaults. As
such, the uncertainties are higher, but since the emissions are smaller, this does not have a
significant impact on the overall uncertainty of total GHG emissions.

MS 4 Iron and steel, and coke manufacture

Relevant Categories, source names
1Alci: Coke production

1A2a: Blast furnaces, Iron and steel - combustion plant (coke oven gas, blast furnace gas &
coke oven coke only)

1B1b: Coke production

Iron and steel - flaring
2Cla: Basic oxygen furnaces
2C1b: Iron and steel - flaring
2C1d: Sinter production

Relevant Gases
CO3, CH4, N2O

Relevant fuels, activities

Blast furnace gas, Coal, Coke, Coke oven gas, Coke produced, Colliery methane, Dolomite,
Fuel oil, Gas oil, Limestone, LPG, Natural gas

Background

This MS covers the carbon balance approach used for integrated steelworks and independent
coke manufacture. Integrated steelworks use the blast furnace/basic oxygen furnace route to
produce steel from iron ore.

Most UK coke is produced at coke ovens associated with the UK's three integrated steelworks,
although one independent coke manufacturer also exists. The Teesside steelworks was
closed in September 2015 and so at the end of 2015, there were three coke ovens at the
steelworks and one independent coke oven. Four other coke ovens were in existence in 1990
but subsequently closed due to closure of two integrated steelworks and the closure of other
coke consumers, such as the UK's only lead/zinc smelter in 1999. Table 3.8 shows how the
numbers of coke ovens and steelworks vary over the period covered by the inventory. Coke
production emissions are reported under 1Alci (combustion) and 1B1b (fugitive).

Table 3.8 Number of coke ovens and steelworks in the UK
Year Coke ovens Integrated steelworks Electric arc steelworks
1990 10 5 Unknown
1995 9 4 20
2000 9 4 19
2005 6 3 12
2006 6 3 11
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Year Coke ovens Integrated steelworks Electric arc steelworks
2007 6 3 10
2008 6 3 8
2009 6 3 7
2010 6 3 7
2011 6 2 7
2012 6 3 6
2013 6 3 6
2014 6 3 6
2015 42 22 6

@ Figures at year end, following closure of the Teesside integrated works and its two coke ovens

The carbon balance method described in this method statement covers the use of coke oven
coke, blast furnace gas and coke oven gas as fuels throughout the iron and steel industry,
whereas the use of primary fossil fuels in boilers and heat treatment or melting furnaces is
described in the method statement for 1A2. All fuels used in coke ovens, sinter plant, and blast
furnaces are included in the carbon balance.

The key processes and related emission activities covered by this method statement are
summarised below.

1.

Coke oven coke is produced by heating coking coal in ovens in order to drive off
volatiles which are collected as gases (coke oven gas, used as a fuel to heat the ovens)
or liquids (coal tars and benzole, recovered for use in chemicals manufacture and other
processes). The solid residue is coke oven coke which is used as a fuel for sintering,
as a reductant in blast furnaces, or sold for use in other industrial processes. Emissions
of greenhouse gases resulting from combustion to heat the coke ovens are reported
in 1Alc, whereas fugitive emissions of methane from the coke ovens are reported in
1B1b.

Integrated steelworks convert iron ores into steel using the three processes of
sintering, pig iron production in blast furnaces and conversion of pig iron to steel in
basic oxygen furnaces. Emissions from integrated steelworks are estimated for these
three processes, as well as other minor processes such as slag processing.

Sintering involves the agglomeration of raw materials for the production of pig iron by
mixing these materials with fine coke (coke breeze) and placing it on a travelling grate
where it is ignited. The heat produced fuses the raw materials together into a porous
material called sinter. Emissions from sintering are reported in 2C1d.

Blast furnaces are used to reduce the iron oxides in iron ore to iron. They are
continuously charged with a mixture of sinter, fluxing agents such as limestone, and
reducing agents such as coke, fuel oil and coal. Hot air is blown into the lower part of
the furnace and reacts with the reducing agent, producing carbon monoxide, which
reduces the iron ore to iron.

Gas leaving the top of the blast furnace has a high heat value because of the residual
CO content, and is used as a fuel in the steelworks. Molten iron and liquid slag are
withdrawn from the base of the furnace. The most significant greenhouse gas
emissions to occur directly from the blast furnace process are the combustion gases
from the 'hot stoves' used to heat the blast air.
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6. These generally use blast furnace gas, together with coke oven gas and/or natural gas
as fuels. These emissions are reported under CRF category 1A2. Gases emitted from
the top of the blast furnace are collected and emissions should only occur when this
gas is subsequently used as fuel. These emissions are allocated to the process using
them. However, some blast furnace gas is lost and the carbon content of this gas is
reported under CRF category 2C1.

7. Pig iron has a high carbon content derived from the coke used in the blast furnace. A
substantial proportion of this must be removed to make steel and this is done in the
basic oxygen furnace. Molten pig iron is charged to the furnace and oxygen is blown
through the metal to oxidise carbon and other contaminants. As a result, carbon
monoxide and carbon dioxide are emitted from the furnace and are collected for use
as a fuel. As with blast furnace gases, some losses occur and these losses are
reported with blast furnace gas losses under CRF category 2C1. In DUKES, basic
oxygen furnace gas is combined with blast furnace gas and so separate figures for
production and use of the two gases are not given.

8. The fuels derived in coke ovens and integrated steelworks are used in boilers and in
heat treatment or melting furnaces and CO; emissions from these energy uses are
calculated using emission factors derived using the carbon balance.

Key Data sources

Activity Data: Main sources of activity data (fuel use, production data) are DUKES
(BEIS, 2016), ISSB annual statistics (ISSB, 2016), installation-specific
activity data from EU ETS (EA, NRW, both 2016), operator information
for integrated steelworks (Tata Steel and SSI Steel, both 2015)

Emission Factors: Input parameters for the carbon balance method are derived from EU
ETS data or operators of integrated steelworks (reference as for AD).
Other UK CS CEFs are derived from the 2004 Carbon Factors Review
(Baggott et al., 2004). EFs for non-CO: gases are predominantly IPCC
defaults (IPCC 2006), Baggott et al., 2004.

An accompanying spreadsheet “Energy background_data_uk _2017.xIxs” lists all emission
factors used in the energy sector, including a full list of references?*. Table 1.6 gives additional
information for common activity data sources.

Method approach

The carbon balance for the combined coke ovens and integrated steelmaking processes is
based on tracking the carbon through four successive stages — coke making, sintering, pig
iron production, and basic oxygen steel production. At each stage carbon is input as fuels
and/or feedstocks; carbon leaves in products; is emitted to air or removed as waste products.
The carbon flow description and Figure 3.1 below presents a simplified version of the model
listing main inputs and outputs:

Carbon Flow Description
coal — coke + coke oven gas + benzole & tars + fugitive carbon emission
coke + limestone + iron ore — sinter + carbon emission
sinter + coke + other reducing agents — pig iron + blast furnace gas
pig iron + scrap + dolomite — steel + slag + basic oxygen furnace gas

The outputs that are allowed to vary, and therefore used to ensure that the overall carbon
balances, are coke, blast furnace gas and basic oxygen furnace gas.
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The carbon balance model used is shown in a simplified form in Figure 3.1, with inputs and
outputs of carbon (expressed as CO,) given for the year 2014 as an example. Note that there
is one negative value in the diagram because the figures take into account imports, exports,
and stock changes.

Figure 3.1 Carbon balance model for 20152
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a Other adjustments includes imports (-3415 kt CO2), exports (276 kt COz2), stock changes (-188 kt CO2), fugitive
emissions from coke ovens reported as methane (23 kt CO2) and carbon stored in dusts (9 kt CO2)

Emission estimates for limestone and dolomite added to sinter plants, blast furnaces, and
oxygen furnaces are based on industry consumption data (Iron & Steel Statistics Bureau,
2015) and carbon contents from the operators (Tata Steel, SSI Steel, both 2015), and based
on their EU ETS reporting (EA, NRW, both 2016).

Emissions of CHsand N2O are estimated using IPCC 2006 default emission factors.

Assumptions & observations

A detailed description of the carbon balance methodology has been given in Ricardo Energy
& Environment, GHG Inventory Research: Use of EU ETS Data - Iron & Steel Sector,
Chemical Industry Feedstock Use, April 2014 (available for download on the NAEI website®®)
and so only a brief summary of assumptions is given here.

26

http://uk-air.defra.gov.uk/assets/documents/reports/cat19/1405081135 GHG Inventory Research R
eport EU ETS final.pdf
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The carbon balance method requires the carbon content in input fuels and feedstocks to be
estimated using consumption data and carbon contents for each fuel or feedstock. The
balance is then used to distribute that carbon amongst the various derived fuels, products and
wastes from the coke ovens and steelmaking processes. The total emission of CO- is therefore
dependent upon the assumptions made about the quantity of carbon in inputs, and in the main
input — coking coal — in particular. The carbon content of coking coal and blast furnace coal
has, in recent years, been measured by operators as a result of their need to collect data for
EU ETS reporting purposes, and operators have also been able to supply high quality
measurement-based data for the carbon contents of derived fuels, coal tars, benzole,
limestone, dolomite, steel scrap, and steel product. The EU ETS data indicate that the carbon
contents of fuels do not vary greatly from one year to another and therefore, for earlier years,
where EU ETS data are not available, carbon factors are assumed to be the same as for those
years where EU ETS data are available. For each fuel, the average carbon content is
calculated for years with EU ETS reporting, and these values then used for the earlier years.

The operators also supply data on the consumption and production of fuels and these data
should be consistent with UK energy statistics. This is largely so, but in a couple of instances
where the UK statistics seem to underestimate consumption of a particular fuel in a particular
year, we have used the operators' data instead. For example, operator data for the
consumption of coking coal in coke ovens for the years 2003-2015 is mostly higher than the
figures given in DUKES, and the operator data are used in preference. The coal consumption
figures for other industrial use are also modified by an equal and opposite amount so that
overall coal consumption in the GHGI is the same as in DUKES. DUKES also excludes a small
guantity of coke oven gas generated at one steelworks which is then supplied as a fuel to a
co-located process, and so we have used operator data on this fuel in the inventory. In this
case, it would not be appropriate to maintain consistency with overall UK demand figures in
DUKES (since this fuel is missing from DUKES, not classified to a different sector). Finally,
some small deviations are made for 2009, where operator data on consumption of coal and
coke oven coke in blast furnaces are somewhat higher. The changes to coal are treated as
misallocations in DUKES (so UK totals for coal consumption are adhered to), whereas for coke
oven coke, it is necessary to increase UK consumption to above the level given in DUKES,
since coke consumption by known users exceeds the DUKES figure.

Recalculations

There have only been minor recalculations due to revisions to UK energy statistics and other
input data.

Improvements (completed and planned)

There have been no changes to the methodology for this version of the inventory, and no
improvement work is planned, though all input data and assumptions are kept under review.

QA/QC
Specific QA/QC and validation exercises relevant to these source categories include:

the comparison of the reference/sectoral approach;

e comparison of inventory estimates based on the carbon balance, with EU ETS data
and detailed emission estimates provided by the operators;

e comparison of DUKES data with industry-reported activity data (e.g. from ISSB);

e comparison of carbon emission factors derived from the carbon balance, with IPCC
default emission factors; and,

e checks on the time-series consistency of carbon emission factors generated by the
carbon balance method.
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The energy AD used in these estimates that come from DUKES are subject to the UK Statistics
Authority’s Official Statistics Code of Practice?®. EU ETS data is subject to its own QA process.
A bilateral exchange was undertaken in May 2015 with the inventory agency from Germany,
which included a review of the revisions to the iron and steel sector method in the 2014
submission.

Time series consistency

All activity data used are available for the full time series of the estimates. Carbon factors for
key inputs such as coking coal and blast furnace coal are available from operators only for
recent years (2005 onwards in the case of coking coal, 2007 onwards for other fuels) so the
same values must be assumed to be appropriate in earlier years. Data were not available for
2015, partly due to the Teesside works closing in September of that year, so 2014 values have
been assumed to be correct for 2015 as well. While this does introduce some additional
uncertainty for parts of the time-series, the assumed factors for coking coal and blast furnace
coal, and the derived factors for coke oven coke, coke oven gas and blast furnace gas for
these years are all within the ranges suggested in the IPCC 2006 Guidelines.

Uncertainties

Uncertainties for both activity and emission factors are based on expert judgement. The
uncertainty analysis set out in Annex 2 provides details of these uncertainty values.
Uncertainties in fuel use statistics are typically low. The carbon emission factors are based on
UK specific data. Since there is a direct link between the carbon emitted and the carbon
content of the fuel, it is possible to estimate CO2, emissions accurately.

MS 5 Other stationary combustion

Relevant Categories, source names

1A4ai: Miscellaneous industrial/commercial combustion
Public sector combustion
Railways - stationary combustion

1A4bi: Domestic combustion

1A4ci: Agriculture - stationary combustion

Miscellaneous industrial/commercial combustion

Relevant Gases
CO,, CH4, N2O

Relevant fuels, activities

Anthracite, Burning oil, Charcoal, Coal, Coke, Fuel oil, Gas oil, LPG, Natural gas, Peat,
Petroleum coke, Straw, Wood, SSF

Background

This method statement covers emissions from fuel combustion by non-industrial sectors
including commercial, agricultural public sector and residential. Most stationary plants are
small-scale, apart from a few large installations providing energy for large commercial or public
sector buildings (e.g. banks, hospitals, schools, sport centres). Emissions from stationary
railway sources are reported under 1A4a where the fuel is used in stationary combustion of
burning oil and fuel oil to heat buildings, as well as natural gas combustion. This gas usage
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may include fuel used for electricity generation for own use by the railway sector. The
‘miscellaneous’ source includes energy use by a range of other users including the sewage
and refuse disposal sector, and fuels used by television and radio broadcasters.

Key Data sources
Activity: DUKES (BEIS, 2016)
Emission factors:  Baggott et al., 2004, IPCC, 2006

An accompanying spreadsheet “Energy_background_data_uk_2017.xIxs” lists all emission
factors used in the energy sector, including a full list of references?*. Table 1.6 gives additional
information for common activity data sources.

Method approach

Emissions for this category are calculated based multiplying activity data by an emission
factor. Activity data are taken directly from DUKES, with a few exceptions (see assumptions
and observations). A full list of emission factors is included in Annex 3. Carbon emission
factors are largely UK specific, whereas non-CO, emissions use default emission factors.

Assumptions & observations

The NAEI source public service includes emissions from stationary combustion at military
installations, which should ideally be reported under 1A5a Stationary. However, we do not
have separate data for the military fuel component.

Bottom up estimates are made for a number of categories using gas oil (railways, off road
machinery etc.). In order to reconcile the gas oil used in these categories with the total in
DUKES, reallocations (subtractions) are made from other categories, including AD used for
the estimates of 1A4. These deviations from DUKES are presented in Annex 4.

Activity data estimates for domestic sector use of fuels derived from petroleum coke are based
on annual estimates provided by industry experts (CPL, 2015).

Recalculations
There have been no changes to methods. The following summarises the recalculations:

e Any revisions to DUKES and other input data have been incorporated into the
inventory;

e Emission factors for CH, and N2O have been reviewed and some changes made to
the assumptions regarding calorific values of UK fuels. Since the factors are derived
from IPCC default factors (expressed on an energy basis) but converted to a mass
basis, the revisions to calorifc values have an impact on the UK factors. Changes are
relatively small, however;

e Revised estimates have been made for burning oil use in the overseas territories and
crown dependencies.

The impact of changes is set out in Chapter 10.

Improvements (completed and planned)

No improvements to this method are currently planned. Emission factors and activity data are
kept under review.
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QA/QC

This source category is covered by the general QA/QC of the greenhouse gas inventory in
Section 1.2.2.5. Fuel combustion estimates are verified through the comparison of the
reference and sectoral approaches.

The energy AD used in these estimates that come from DUKES are subject to the UK Statistics
Authority’s Official Statistics Code of Practice®.

For gas oil, bottom up estimates are made for various sources, which leads to changes in the
sectoral allocations within DUKES. There are no official top down statistics to verify the bottom
up statistics, however, the totals are reconciled with DUKES. Pet coke and peat data are
outside of DUKES, but are small emission sources included for completeness.

Time series consistency

Emission factors and activity data are taken from consistent data sets, there are no time series
consistency issues to note.

Uncertainties

Uncertainties for both activity and emission factors are based on expert judgement. The
uncertainty analysis set out in Annex 2 provides details of these uncertainty values. There are
no additional official statistics to compare the category specific fuel use for 1A4 with, as such
it is difficult to verify the activity data allocations in DUKES. As such the uncertainty for the
sources included in this MS will be higher than for power stations, for example. Uncertainties
in total fuel use statistics are typically low. The carbon emission factors are based on UK
specific data. Since there is a direct link between the carbon emitted and the carbon content
of the fuel, it is possible to estimate CO, emissions accurately. Non-CO, emissions are
dependent on a greater number of parameters, and are largely based on defaults. As such,
the uncertainties are higher, but since the emissions are smaller, this does not have a
significant impact on the overall uncertainty of total GHG emissions.

MS 6 Off road machinery

Relevant Categories, source names
1A2gvii: Industrial off-road mobile machinery
1A3eii: Aircraft - support vehicles

1A4bii: House and garden machinery

1AA4cii: Agriculture - mobile machinery

Relevant Gases
CO3, CH4, N2O

Relevant fuels, activities
DERYV, Gas oil, Petrol

Background

This MS includes all emissions from off road machinery. These are compiled in a single model,
and the outputs reported in the IPCC categories set out above.

Emissions are estimated for 77 different types of portable or mobile equipment powered by
diesel or petrol driven engines. These range from machinery used in agriculture such as
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tractors and combine harvesters; industry such as portable generators, forklift trucks and air
compressors; construction such as cranes, bulldozers and excavators; domestic lawn
mowers; aircraft support equipment. In the inventory they are grouped into four main
categories:

Domestic house & garden — reported under 1A4b;

Agricultural power units (includes forestry) — reported under 1A4c;

Industrial off-road (includes construction and quarrying) — reported under 1A2gvii; and
Aircraft support machinery — reported under 1A3e.

Key Data sources
Activity: Netcen, 2004, ONS, UKMY, BEIS Projections (pers. comm.), CAA

Emission factors: Baggott et al., 2004, EMEP-EEA Guidebook, EU Non-Road Mobile
Machinery Directive.

An accompanying spreadsheet “Energy background data_uk 2017.xIxs” lists all emission
factors used in the energy sector, including a full list of references?*. Table 1.6 gives additional
information for common activity data sources.

Method approach

A Tier 3 methodology is used for calculating emissions from individual types of mobile
machinery. Default machinery or engine-specific fuel consumption and emission factors
(g/kwh) are taken from EMEP-EEA Guidebook. For methane, emission factors for more
modern machinery based on engine or machinery-specific emission limits for total
hydrocarbons established in EU Non-Road Mobile Machinery Directive are also included
where available. The measures introduced to reduce total hydrocarbon emissions are
assumed to effect methane emissions. Activity data are based on bottom-up estimates of
equipment numbers and hours of use in 2004 (Netcen, 2004). Various proxy statistics are
used as activity drivers for different groups of machinery types to estimate fuel consumption
across the full time series.

Emissions are calculated from a bottom-up approach using machinery- or engine-specific
emission factors in g/kWh based on the power of the engine and estimates of the UK
population and annual hours of use of each type of machinery. The emission estimates are
calculated using a modification of the methodology given in EMEP/ EEA (2009).

The population, usage and lifetime of different types of off-road machinery were updated
following a study carried out by the Inventory Agency on behalf of the Department for
Transport (Netcen, 2004). This study researched the current UK population, annual usage
rates, lifetime and average engine power for a range of different types of diesel-powered non-
road mobile machinery. Additional information including data for earlier years were based on
research by Off Highway Research (2000) and market research polls amongst equipment
suppliers and trade associations by Precision Research International on behalf of the former
DoE (Department of the Environment) (PRI, 1995, 1998). Usage rates from data published by
Samaras et al (1993, 1994) were also used. Part of the 2014 Improvement Programme for the
air pollutant emissions inventory led to some minor changes in activity data for certain types
of construction and airport support machinery, but these had minor effects on GHG emissions.

The population and usage surveys and assessments were only able to provide estimates on
activity of off-road machinery for years up to 2004. These are one-off studies requiring
intensive resources and are not updated on an annual basis. There are no reliable national
statistics on population and usage of off-road machinery nor figures from BEIS on how these
fuels, once they are delivered to fuel distribution centres around the country, are ultimately
used. Therefore, other activity drivers were used to estimate activity rates for the four main
off-road categories from 2005-2015.
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Table 3.9 below details the drivers used for each of the equipment categories.

Table 3.9

Activity drivers used for off-road machinery

Category

Driver source

Machinery types

Domestic house and
garden

CLG household statistics (number of households)

All types of garden
equipment, e.g. lawn
mowers, garden tractors,
leaf blowers, chain saws,
trimmers

Airport machinery

CAA, 2014 terminal passenger statistics

All types of airside
machinery and transport,
e.g. terminal tractors

Agricultural machinery

DUKES, gas oil consumption in agriculture

All types of agricultural
and forestry machinery,
e.g. tractors, combines,
balers, tillers, fellers,
chain saws, shredders

Construction

ONS construction statistics. “Output in the
Construction Industry. Supplementary Tables June
20167,

Table 2b — Construction output in Great Britain:
volume non-seasonally adjusted, by sector.

generator sets <5 kW

generator sets 5-100 kW

asphalt pavers

tampers /rammers

plate compactors

concrete pavers

rollers

scrapers

paving equipment

surfacing equipment

trenchers

concrete /industrial saws

cement & mortar mixers

cranes

graders

rough terrain forklifts

Quarrying

Data on UK production of minerals, taken from UK
Minerals Yearbook data, BGS (2016).

bore/drill rigs

off highway trucks

crushing/processing
equipment

Construction and
Quarrying

Growth driver based on the combination of the
quarrying and construction drivers detailed above.

excavators

loaders with pneumatic
tyres

bulldozers

tracked loaders

tracked bulldozers

tractors/loaders

crawler tractors

off highway tractors

dumpers /tenders
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Category Driver source Machinery types
General Industry Based on an average of growth indices for all generator sets 100-
industrial sectors, taken from data supplied by BEIS | 1000KW
for use in energy and emissions projections. pumps

air compressors
gas compressors
welding equipment
pressure washers
aerial lifts

forklifts

sweepers/ scrubbers
other general industrial
equipment

other material handling
equipment

Having calculated fuel consumption from a bottom-up method, the figures for diesel engine
machinery were allocated between gas oil and road diesel. This was following a survey of
fuelling practices of uses of off-road machinery where it was found that, particularly for small,
non-commercial and domestic users who may only occasionally need to refuel, engines are
filled with road diesel rather than gas oil.

A simple turnover model is used to characterise the population of each machinery type by age
(year of manufacture/sale). For older units, the emission factors used came mostly from
EMEP-EEA (1996) though a few of the more obscure classes were taken from Samaras &
Zierock (1993). The load factors were taken from Samaras (1996). Emission factors for garden
machinery, such as lawnmowers and chainsaws were updated following a review by Netcen
(2004). For the air pollutants and for those equipment whose emissions are regulated by
Directive 2002/88/EC or 2004/26/EC, the emission factors for a given unit were taken to be
the maximum permitted by the directive at the year of manufacture. The emission regulations
are quite complex in terms of how they apply to different machinery types. Each of the 77
different machinery types was mapped to the relevant regulation in terms of implementation
date and limit value. The trends in total hydrocarbon (THC) emissions across the emission
regulation stages were applied to the trends in methane emissions as it is assumed that
measures to control THC emissions will also impact methane emissions.

Assumptions & observations

The assumptions made to estimate emissions from this source are described in the methods
and approach section above. There are no data available on trends in fuel consumption or
activities (population x usage) by these specific groups of machinery to corroborate the choice
of proxies used as activity drivers. The drivers chosen are considered by expert judgement to
be most appropriate among all the statistical data that are available. The Inventory Agency
consider that the drivers used for household garden and machinery and airport support
equipment are likely to be more robust than the drivers used for general industry.

A fuel reconciliation procedure is followed for gas oil which takes account of consumption from
all sources, as described in Annex 4. For the industrial and construction machinery, the fuel
reconciliation process essentially overrides any changes in estimates of fuel consumption
calculated from the bottom-up procedure arising from the 2014 review of activity data for some
selected machinery types. However, this review still affects the emissions of methane by
leading to changes in implied emission factors for these machinery types, e.g. through
revisions to the lifetime and turnover in the machinery fleet.

UK NIR 2017 (Issue 2) Ricardo Energy & Environment Page 144



Energy (CRF Sector 1) 3

Recalculations
There have been no changes to the method.
Re-calculations arise from:

e Revision to DUKES gas oil consumed in Agriculture. The 2013 value is 86% of the
previous value used and the 2014 value is 78% of the previous value used.

¢ Revision to DUKES data used for the driver in the off road model, leading to lower
activity estimates for gas oil (~1%) and petrol (~14%) in 2013 and 2014.

e Revisions to the drivers for construction, construction/quarrying, and industry (<1.5%
change between 2004 and 2014).

e Combination of updates to drivers for industrial off road machinery (UK minerals
yearbook, ONS construction statistics), and adjustments made to balance with DUKES
based on amount of gas oil available. The changes are from 2004 to 2011 and are
<1.5%.

Improvements (completed and planned)

There have been no improvements completed for this submission. It is being considered to
develop the model used for how sales and population data are handled for different machinery
types.

QA/QC

This source category is covered by the general QA/QC of the greenhouse gas inventory in
Section 1.2.2.5.

An expert judgement quality check has been done to verify that the amount of gas oil used by
off-road machinery estimated from the bottom-up approach is neither excessively high or low
as a proportion of total UK gas oil available for consumption as given in DUKES.

Time series consistency

Although the bottom up data for machinery population and usage is only available for one
year, the proxy statistics used to generate the time series are consistent across the time
series.

Uncertainties

Fuel consumption by these off-road machinery sources is not provided in DUKES so is
estimated for each machinery type from a bottom-up Tier 3 approach to derive machinery
population and usage rates. See Section 3.2.4 for information. There are no centralised
statistics on machinery population and usage so the uncertainties are considered quite high.
An overall fuel balance taking account of consumption by other uses of gas oil, diesel and
petrol ensures consistency with total consumption figures in DUKES. Various proxy data are
used to establish a consistent time-series in activity rates, as explained in this section.

The highest uncertainties are considered to be in the estimates for general industrial
machinery as these cover a wide range of machinery types of a fairly diffuse nature, e.g.
portable generators. The estimates in the year-to-year trends for this particular off-road source
are also influenced by the uncertainties in the other sources using gas oil via the fuel
reconciliation step. Uncertainties in the trends for the other off-road sources (domestic house
and garden, airport machinery and agricultural machinery) are considered to be smaller and
less biased by the choice of proxy data.
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MS 7 Aviation

Relevant Categories, source names
1A3a: Aviation

International bunkers - Aviation

Relevant Gases
CO3, CH4, N2O

Relevant fuels, activities
Aviation turbine fuel (jet kerosene), Aviation spirit (aviation gasoline)

Background

In accordance with the agreed guidelines, the UK inventory contains estimates for both
domestic and international civil aviation. Emissions from international aviation are recorded as
a memo item, and are not included in national totals. Emissions from both the Landing and
Take-Off (LTO) phase and the Cruise phase are estimated. Emissions of a range of pollutants
are estimated in addition to the reported greenhouse gases. The method reflects differences
between airports and the aircraft that use them. In addition to aircraft main engines exhaust,
emissions from aircraft auxiliary power units are also included. A full description is given in
Watterson et al. (2004). The method used to estimate emissions from military aviation can be
found in MS 9.

Key Data sources
Activity data: CAA (2016a), CAA (2016b), BEIS (2016), DfT (2016)
Emission Factors: Baggott et al., 2004 and EMEP/EEA, 2013

An accompanying spreadsheet “Energy background_data_uk _2017.xIxs” lists all emission
factors used in the energy sector, including a full list of references?*. In addition, Annex 3
includes a table to map all aircraft types evident in UK activity data from the CAA to the EMEP-
EEA Guidebook aircraft categories.

Table 1.6 gives additional information for common activity data sources.

Method approach

Estimates are based on IPCC Tier 3 and use the number of aircraft movements broken down
by aircraft type at each UK airport.

Activity data
The methods used to estimate emissions from aviation require the following activity data:
e Aircraft movements and distances travelled

Detailed activity data has been provided by the UK Civil Aviation Authority (CAA). These
data include aircraft movements broken down by: airport; aircraft type; whether the flight
is international or domestic; and, the next/last POC (port of call) from which sector lengths
(great circle) have been calculated. The data covered all Air Transport Movements (ATMs)
excluding air-taxi. The CAA also compiles summary statistics at reporting airports, which
include air-taxi and non-ATMs
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¢ Inland Deliveries of Aviation Turbine Fuel and Aviation Spirit

Total inland deliveries of aviation spirit and aviation turbine fuel to air transport are given
in DUKES (BEIS, 2016). This is the best approximation of aviation bunker fuel
consumption available and is assumed to cover international, domestic and military use.

e Consumption of Aviation Turbine Fuel and Aviation Spirit by the Military

These data are supplied by the MOD. Military aviation estimates are included in MS 9. The
data for total fuel use for military aviation is used in the normalisation to the DUKES total.

Calendar year activity data are derived from the data sources described above.

Table 3.10 Aircraft Movement Data: LTOs and Cruise distances for Domestic and

International Flights from UK Airports, 1990-2015
International LTOs Domestic LTOs International Domestic Aircraft,

Year (000s) (000s) Aircraft, Gm flown Gm flown

1990 460.5 377.0 652.0 116.4

1995 530.9 365.3 849.0 118.3

2000 704.3 407.1 1190.7 145.2

2005 800.5 488.2 1447.6 178.7

2008 840.4 472.0 1557.2 173.4

2009 773.3 420.6 1440.4 157.3

2010 734.0 393.9 1395. 146.4

2011 769.2 381.2 1465.2 141.6

2012 765.7 365.2 1444.6 137.5

2013 786.6 360.9 1471.1 134.4

2014 809.9 347.1 1524.0 130.2

2015 821.7 356.0 1565.8 135.0

Gm  Giga metres, or 10° metres
Estimated emissions from aviation are based on data provided by the CAA and, for overseas territories, the DfT.
Gm flown calculated from total flight distances for departures from UK and overseas territories airports.

Emission factors used

A combination of national airport specific LTO factors (derived from local airport studies) and
EMEP/EEA Eurocontrol cruise factors for generic aircraft are used.

An accompanying spreadsheet “Energy_background_data_uk_2017.xIxs” lists all emission
factors used in the energy sector, including aviation, and associated references. Carbon
emission factors are country specific, whereas defaults are used for other gases.

Method

The basic approach to estimating emissions from the LTO cycle is as follows. The contribution
to aircraft exhaust emissions (in kg) arising from a given mode of aircraft operation (see list
below) is given by the product of the duration (seconds) of the operation, the engine fuel flow
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rate at the appropriate thrust setting (kg fuel per second) and the emission factor for the
pollutant of interest (kg pollutant per kg fuel).

The annual emissions total for each mode (kg per year) is obtained by summing contributions
over all engines for all aircraft movements in the year. The time in each mode of operation for
each type of airport and aircraft has been taken from individual airport studies. The time in
mode is multiplied by an emission rate (the product of fuel flow rate and emission factor) at
the appropriate engine thrust setting in order to estimate emissions for phase of the aircraft
flight. The sum of the emissions from all the modes provides the total emissions for a particular
aircraft journey. The modes considered are:

Auxiliary Power Unit (APU) use after arrival; and
APU use prior to departure.

e Taxi-out;

e Hold;

o Take-off Roll (start of roll to wheels-off);

¢ Initial-climb (wheels-off to 450 m altitude);
e Climb-out (450 m to 1000 m altitude);

e Approach (from 1000 m altitude);

e Landing-roll;

e Taxi-in;

L)

L)

Departure movements comprise the following LTO modes: taxi-out, hold, take-off roll, initial-
climb, climb-out and APU use prior to departure.

Arrivals comprise: approach, landing-roll, taxi-in and APU use after arrival.

Aircraft often take-off at reduced thrust (i.e. less than 100% thrust). Thrust setting forTake-off
Roll; Initial-climb; and Climb-out depend on airport and aircraft type and are derived from local
airport studies. Thrust setting during Approach are 15% for the initial phase (above 600 ft) and
30% for the final phase (below 600 ft). Depending on airport and aircraft type, the Landing-roll
often includes periods or reverse thrust at either at idle or 30%, the remainder of the time is at
idle thrust setting. Other modes (Taxi and Hold) are at idle thrust. Idle thrust is nominally 7%,
however an adjustment is made to the idle fuel flow to account engine specific variations.

The approaches to estimating emissions in the cruise are summarised below. Cruise
emissions are only calculated for aircraft departures from UK airports (emissions therefore
associated with the departure airport), which gives a total fuel consumption compatible with
recorded deliveries of aviation fuel to the UK. This procedure prevents double counting of
emissions allocated to international aviation.

The EMEP-EEA Emission Inventory Guidebook (EMEP-EEA, 2013) provides fuel
consumption and emission factors for non-GHGs (NOy, HC and CO) for a number of aircraft
modes in the cruise. The data are given for a selection of generic aircraft type and for a number
of standard flight distances.

The breakdown of the CAA movement by aircraft type contains a more detailed list of aircraft
types than in the EMEP-EEA Emission Inventory Guidebook. Therefore, each specific aircraft
type in the CAA data has been assigned to a generic type in the Guidebook. Details of this
mapping are given in Table A 3.1.4 in Annex 3.1.4.

A linear regression has been applied to these data to give fuel consumption as a function of
distance:

E m,p><d+cg,p

Cruisg g p = g
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Where:

ECruiSQ,‘gyp is the emissions in cruise of pollutant P for generic aircraft type ( and
flight distance d (kg)

d is the flight distance

g is the generic aircraft type

p is the pollutant (or fuel consumption)

m, , is the slope of regression for generic aircraft type | and pollutant P
(kg / km)

Cop is the intercept of regression for generic aircraft type { and pollutant P
(kg)

Estimates of CO, were derived from estimates of fuel consumed in the cruise (see equation
above) and the carbon contents of the aviation fuels. Methane emissions are believed to be
negligible at cruise altitudes (IPCC, 2006).

Estimates of N.O have been derived from an emission factor recommended by the IPCC
(IPCC, 1997) and the estimates of fuel consumed in the cruise (see equation above).

The estimates of aviation fuels consumed in the commodity balance table in the BEIS
publication DUKES are the national statistics on fuel consumption, and IPCC guidance states
that national total emissions must be on the basis of fuel sales. Therefore, the estimates of
emissions have been re-normalised based on the results of the comparison between the fuel
consumption data in DUKES and the estimate of fuel consumed produced from the civil
aviation emissions model, having first scaled up the emissions and fuel consumption to
account for air-taxi and non-ATMs. The scaling is done separately for each airport to reflect
the different fractions of air-taxi and non-ATMs at each airport and the different impacts on
domestic and international emissions. Air-taxi and non-ATM fuel consumption estimates are
not documented by Watterson et al. (2004), as this revision to methodology occurred after
publication of the report. The aviation fuel consumptions presented in BEIS DUKES include
the use of both civil and military fuel, and the military fuel use must be subtracted from the
DUKES total to provide an estimate of the civil aviation consumption. This estimate of civil
aviation fuel consumption has been used in the fuel reconciliation. Emissions from flights
originating from the overseas territories have been excluded from the fuel reconciliation
process as the fuel associated with these flights is not included in DUKES. Emissions will be
re-normalised each time the aircraft movement data are modified or data for another year
added.

For aviation turbine fuel reconciliation is quite close; pre-normalised fuel estimates generally
agree with DUKES within 5%. However, the reconciliation for aviation spirit is poor due to
limited coverage of smaller flights by the CAA dataset.

Assumptions & observations

The following modifications are made to the CAA data in order to ensure complete
geographical coverage of the inventory and full compliance with the IPCC definitions of
domestic and international:

o Flights between the UK and overseas territories are reclassified from international to
domestic;

¢ International flights with an intermediate stop at a domestic airport are considered
international in the CAA aircraft movement data. These are reclassified as having a
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domestic leg and an international leg in response to a recommendation from the
UNFCCC centralised review in 2013; and

¢ The CAA data have been supplemented with data from overseas territories, supplied
by DFT.
Recalculations
For recalculations, see improvements listed below (for 2017). There have been no method
changes.
Improvements (completed and planned)

A number of improvements have been made to the model over recent years, to include
findings from UK specific research. The 2017 inventory submission incorporates
improvements in the reduced take-off thrust assumptions. Fleet assumptions have also been
reviewed, which has led to the minor modification of assumptions regarding the choice of some
surrogate aircraft data.

A watching brief is kept on developments in emission factors and activity data for all modes of
transport.

QA/QC

This source category is covered by the general QA/QC of the greenhouse gas inventory in
Section 10.

Time series consistency

Consistent data sets and methods are used across the full time series to ensure time series
consistency.

Uncertainties

Uncertainties for both activity and emission factors are based on expert judgement. The
uncertainty analysis set out in Annex 2 provides details of these uncertainty values.
Uncertainties in fuel use statistics are typically low. The carbon emission factors are based on
UK specific data. Since there is a direct link between the carbon emitted and the carbon
content of the fuel, it is possible to estimate CO; emissions accurately. Non-CO, emissions
are dependent on a greater number of parameters, and are largely based on defaults. As
such, the uncertainties are higher, but since the emissions are smaller, this does not have a
significant impact on the overall uncertainty of total GHG emissions.

MS 8 Road Transport

Relevant Categories, source names
1A3bi: Road transport - cars - cold start
Road transport - cars - motorway driving
Road transport - cars - rural driving
Road transport - cars - urban driving
1A3bii: Road transport - LGVs - cold start
Road transport - LGVs - motorway driving
Road transport - LGVs - rural driving

Road transport - LGVs - urban driving
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1A3biii: Road transport - buses and coaches - motorway driving

Road transport - buses and coaches - rural driving

Road transport - buses and coaches - urban driving

Road transport - HGV articulated - motorway driving

Road transport - HGV articulated - rural driving

Road transport - HGV articulated - urban driving

Road transport - HGV rigid - motorway driving

Road transport - HGV rigid - rural driving

Road transport - HGV rigid - urban driving

1A3biv: Road transport - mopeds (<50cc 2st) - urban driving

Road transport - mopeds (<50cc 2st) — lubricants use

Road transport - motorcycle (>50cc 2st) - rural driving

Road transport - motorcycle (>50cc 2st) - urban driving

Road transport - motorcycle (>50cc 4st) - motorway driving

Road transport - motorcycle (>50cc 4st) - rural driving

Road transport - motorcycle (>50cc 4st) - urban driving

1A3bv: Road transport - all vehicles LPG use

Relevant Gases
CO,, CH4, No.O

Relevant fuels, activities
Petrol (gasoline), Diesel (DERV), LPG

Background

This MS includes all fuel related emissions from road transport. Emissions from Urea
consumption are reported under IPPU, in Chapter 4.

Key Data sources

Activity data:

Emission factors:

DfT (traffic data, vehicle licensing statistics, ANPR data), DUKES (total
fuel sales)

COPERT 4vl1l, EMEP/EEA Emission Inventory Guidebook. Data on
petrol and diesel fuels consumed by road transport in the UK are taken
from the Digest of UK Energy Statistics (DUKES) published by BEIS and
corrected for consumption by off-road vehicles and the very small amount
of fuel consumed by the Crown Dependencies included in DUKES
(emissions from the Crown Dependencies are calculated elsewhere).

An accompanying spreadsheet “Energy background_data_uk 2017.xIxs” lists all emission
factors used in the energy sector, including a full list of references?*. Table 1.6 gives additional
information for common activity data sources.
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Method approach

A Tier 3 methodology is used for calculating exhaust emissions from passenger cars (1A3bi),
light goods vehicles (1A3bii), and heavy duty vehicles including buses and coaches (1A3biii)
and motorcycles (1A3biv).

Petrol and diesel vehicle fuel consumption (and emissions) are estimated from the bottom up
data using an array of traffic statistics and exhaust emission and fuel consumption factors
representing real-world performance of vehicles. These estimates are reconciled to national
energy consumption statistics from DUKES. This approach provides estimates that are
consistent with the IPCC and include inherent QA/QC in the comparison of bottom-up traffic
activity related estimates and top down fuel sales data.

Emissions from vehicles running on LPG are estimated on the basis of national figures (from
DUKES) on the consumption of this fuel by road transport. The CO; emissions from LPG
consumption cannot be broken down by vehicle type because there are no reliable figures
available on the total number of vehicles or types of vehicles running on this fuel. It is believed
that many vehicles running on LPG are cars and vans converted by their owners and that
these conversions are not necessarily reported to vehicle licensing agencies. Figures from
DUKES suggest that the consumption of LPG is only a small percentage (<1%) of the total
amount of petrol and diesel consumed by road transport and vehicle licensing data suggest a
similar percentage of all light duty vehicles run on LPG.

The UK inventory does not currently estimate emissions from vehicles running on natural gas.
The number of such vehicles in the UK is extremely small, with most believed to be running in
captive fleets on a trial basis in a few areas. Estimates are not made as there are no separate
figures from BEIS on the amount of natural gas used by road transport, nor are there useable
data on the total numbers and types of vehicles equipped to run on natural gas from vehicle
licensing sources. The small amount of gas that is used in the road transport sector would
currently be allocated to other sources in DUKES, and therefore the omission of this source
does not represent an underestimate in the UK inventory.

Traffic-based emission calculations: an overview

A Tier 3 method is used to calculate fuel consumption and emissions from different types of
petrol and diesel vehicles using detailed traffic information before a final fuel reconciliation is
done.

Fuel consumption and emissions of the pollutants CH,, N2O, NMVOCs, NOy, CO and other air
pollutants from individual vehicle types are calculated from measured emission factors
expressed in g/km and road traffic statistics from the Department for Transport. The emission
factors are based on experimental measurements of emissions from in-service vehicles of
different types driven under test cycles with different average speeds. The road traffic data
used are vehicle kilometre estimates for the different vehicle types and different road
classifications on the UK road network. These data have to be further broken down by
composition of each vehicle fleet in terms of the fraction of diesel- and petrol-fuelled vehicles
on the road and in terms of the fraction of vehicles on the road made to the different emission
regulations which applied when the vehicle was first registered. These are related to the age
profile of the vehicle fleet in each year. This level of detail is necessary because CH4 and N.O
emissions are dependent on the types of exhaust technologies used to control the regulated
air pollutant emissions.

Activity data for traffic-based emission calculations:

Hot exhaust emissions are emissions from the vehicle exhaust when the engine has warmed
up to its normal operating temperature. Emissions depend on the type of vehicle, the type of
fuel, the driving style or traffic situation of the vehicle on a journey and the emission regulations
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which applied when the vehicle was first registered as this defines the type of technology the
vehicle is equipped with that affects emissions.

For a particular vehicle, the driving style or traffic situation over a journey is the key factor that
determines the amount of pollutant emitted over a given distance. Key parameters affecting
emissions are the acceleration, deceleration, steady speed and idling characteristics of the
journey, as well as other factors affecting load on the engine such as road gradient and vehicle
weight. However, work has shown that for modelling vehicle emissions for an inventory
covering a road network on a national scale, it is sufficient to calculate emissions from
emission factors in g/km related to the average speed of the vehicle in the drive cycle
(Zachariadis and Samaras, 1997). A similar conclusion was reached in the review of emission
modelling methodology carried out by TRL on behalf of DfT (Barlow and Boulter, 2009, see
https://www.gov.uk/government/publications/road-vehicle-emission-factors-2009). Emission
factors for average speeds on the road network are then combined with the national road
traffic data.

Cold start emissions are the excess emissions that occur when a vehicle is started with its
engine below its normal operating temperature. These are calculated separately from the hot
exhaust emissions.

Vehicle and fuel type
Emissions are calculated for vehicles of the following types:

Petrol cars;

Diesel cars;

Petrol Light Goods Vehicles (Gross Vehicle Weight (GVW) < 3.5 tonnes);
Diesel Light Goods Vehicles (Gross Vehicle Weight (GVW) < 3.5 tonnes);
Rigid-axle Heavy Goods Vehicles (GVW = 3.5 tonnes);

Articulated Heavy Goods Vehicles (GVW 2= 3.5 tonnes);

Buses and coaches; and

Motorcycles.

Total emission rates (as well as fuel consumption) are calculated by multiplying emission
factors in g/km with annual vehicle kilometre figures for each of these vehicle types on different
types of roads. This procedure is followed to derive the initial bottom-up estimate of fuel
consumption and implied fuel-based emission factors for CH4 and N;O by vehicle category
before the normalisation to fuel sales is carried out.

Vehicle kilometres by road type

Hot exhaust emission factors are dependent on average vehicle speed and therefore the type
of road the vehicle is travelling on. Average emission factors are combined with the number
of vehicle kilometres travelled by each type of vehicle on rural roads and higher speed
motorways/dual carriageways and many different types of urban roads with different average
speeds. The emission results are combined to yield emissions on each of these main road
types:

e Urban;
¢ Rural single carriageway; and
e Motorway/dual carriageway.

DfT estimates annual vehicle kilometres (vkm) for the road network in Great Britain by 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, 2016a). DfT provides a consistent time series of
vehicle km data by vehicle and road types going back from 1993 to the latest inventory year,
taking into account any revisions to historic data. The vkm data are derived by DfT from
analysis of national traffic census data involving automatic and manual traffic counts.
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Additional information discussed later was used to provide the breakdown in vkm for cars by
fuel type.

Vehicle kilometre data for Northern Ireland by vehicle type and road class were provided by
the Department for Regional Development (DRD), Northern Ireland, Road Services (DRDNI,
2015a). This gave a time-series of vehicle km data from 2008 to 2014. To create a time-series
of vehicle km data for 1990 to 2007, the vehicle km data from DRDNI (2013) was used. The
data was scaled up or down based on the ratio of the data for 2008 between DRDNI (2015)
and DRDNI (2013) for the given vehicle type and road type considered. Data for 2015 were
not available in time for the current inventory compilation and thus they were extrapolated from
2014 vehicle km data for Northern Ireland based on the traffic growth rates between 2014 and
2015 in Great Britain. Motorcycle vehicle km data were not available from the DRDNI and so
they were derived based on the ratio of motorcycles registered in Northern Ireland relative to
Great Britain each year. The ratios were then applied to the motorcycle vehicle km activity
data for Great Britain. Additional information is provided by DRDNI about the split between
cars and LGVs and the petrol/diesel car split for cars and LGVs in the traffic flow based on
further interrogation by DRDNI of licensing data (DRDNI, 2015).

The Northern Ireland data have been combined with the DfT data for Great Britain to produce
a time-series of total UK vehicle kilometres by vehicle and road type from 1970 to 2015. An
extract of the vkm time series is shown in Table 3.11.

Table 3.11 UK Vehicle km by Type of Road Vehicle, 1990-2015
Billion vkm 1990 1995 2000 2005 2010 2014 2015
Petrol cars  yrban 142.2 137.9 135.1 119.9 99.4 89.8 89.3
rural 140.9 133.9 134.1 127.2 109.0 95.9 935
m-way 49.3 48.4 53.0 48.9 41.7 35.1 34.3
Diesel cars  urban 5.8 17.2 26.1 40.8 54.0 64.6 65.2
rural 6.1 17.9 28.3 475 65.8 82.7 88.3
m-way 2.8 8.5 14.7 25.2 33.6 43.8 46.0
Petrol urban 11.1 75 4.2 1.9 1.3 1.0 1.0
LGVs rural 11.4 8.3 5.0 2.3 1.6 1.3 1.3
m-way 3.9 3.2 2.0 0.9 0.6 0.6 0.6
Diesel urban 5.8 10.2 15.6 21.2 22.7 24.7 25.3
LGVs rural 6.0 11.4 18.8 25.9 29.5 32.1 33.9
m-way 2.0 4.3 7.4 10.4 11.4 13.9 14.7
Rigid urban 45 3.7 3.9 4.0 3.2 3.0 2.9
HGVs rural 7.1 6.8 7.2 7.5 6.6 6.1 6.3
m-way 3.7 3.7 4.2 4.2 4.1 3.6 3.9
Artic HGVs  yrban 1.1 1.1 1.1 1.1 0.8 0.8 0.9
rural 4.4 4.7 5.2 54 51 51 5.3
m-way 4.7 6.0 7.4 7.9 75 8.1 8.4
Buses urban 2.4 2.9 3.0 3.2 3.1 2.8 2.6
rural 1.7 15 1.7 15 1.6 1.4 1.4
m-way 0.6 0.5 0.5 0.5 0.5 0.4 0.4
Micycle urban 3.3 1.9 2.3 2.9 25 2.2 2.2
rural 2.0 1.6 2.0 2.2 1.8 2.0 2.0
m-way 0.3 0.3 04 0.4 0.4 04 0.4
Total 423.3 4438 482.9 512.9 507.9 521.4 529.9
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Vehicle speeds by road type

Vehicle speed data are used to calculate emission factors from the emission factor-speed
relationships available for different pollutants. Average speed data for traffic in a number of
different areas were taken from the following main sources: Transport Statistics Great Britain
(DfT, 2009a) provided averages of speeds in Central, Inner and Outer London surveyed at
different times of day during 1990 to 2008. Speeds data from other DfT’s publications such as
‘Road Statistics 2006: Traffic, Speeds and Congestion’ (DfT, 2007a) and 2008 national road
traffic and speed forecasts (DfT, 2008a) were used to define speeds in other urban areas,
rural roads and motorways. Where information is not available, assumptions were made or
road speed limits used for the vehicles expected to observe these on the type of road
concerned. Table 3.12 shows the speeds used in the inventory for light duty vehicles, HGVs
and buses.

Table 3.12 Average Traffic Speeds in Great Britain
Lights Heavies Buses

kph kph kph

URBAN ROADS
Central London Major principal roads 16 16 16
Major trunk roads 24 24 16
Minor roads 16 16 16
Inner London Major principal roads 21 21 24
Major trunk roads 32 32 24
Minor roads 20 20 20
Outer London Major principal roads 31 31 32
Major trunk roads 46 46 32
Minor roads 29 29 29
Motorways 108 87 87
Connurbation Major principal roads 31 31 24
Major trunk roads 38 37 24
Minor roads 30 30 20
Motorways 97 82 82
Urban Major principal roads 36 36 32
Major trunk roads 53 52 32
Minor roads 35 34 29
Motorways 97 82 82

RURAL ROADS
Rural single carriageway  Major roads 77 72 71
Minor roads 61 62 62
Rural dual carriageway 111 90 93
Rural motorway 113 90 95

Vehicle fleet composition: by age, size, technology and fuel type

Vehicle kilometre data based on traffic surveys do not distinguish between the type of fuels
the vehicles are being run on (petrol and diesel) nor on their age. The inventory uses the
Automatic Number Plate Recognition (ANPR) data provided by DfT (2016, personal
communication) to define the UK’s vehicle fleet composition on the road. The ANPR data has
been collected annually (since 2007) at over 256 sites in the UK on different road types (urban
and rural major/minor roads, and motorways) and regions. Measurements are made at each
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site on one weekday (8am-2pm and 3pm-9pm) and one half weekend day (either 8am-2pm
or 3pm-9pm) each year in June and are currently available for years 2007 to 2011 and 2013.
Since 2011, measurements have been made biennially. There are approximately 1.4-1.7
million observations recorded from all the sites each year, and they cover various vehicle and
road characteristics such as fuel type, age of vehicle (which can be associated with its Euro
standard), engine sizes, vehicle weight and road types.

The ANPR data are primarily used to define the fleet composition on different road types for
the whole of Great Britain (GB), rather than in specific regions. However, Devolved
Administration (DA)-country specific vehicle licensing data (hereafter referred as DVLA data)
are used to define the variation in some aspects of the vehicle fleet composition between DA
country. The ANPR data are used in two aspects to define:

e Petrol and diesel mix in the car fleet on different road types (urban, rural and
motorway); and
e Variations in age and Euro standard mix on different road types.

As the ANPR data are only available between 2007 and 2011 and for 2013 and 2015, it was
necessary to estimate the road-type variations in the fleet for years before the ANPR became
available otherwise a step-change would be introduced in the emission time-series. For the
petrol/diesel mix of the GB car fleet as a whole, this was done by extrapolating the 2007 ANPR
data back to 1990 based on the rate of change in the proportion of diesel vehicles as indicated
by the DfT Vehicle Licensing Statistics. The ANPR data confirmed that there is a preferential
use of diesel cars on motorways, as was previously assumed in the inventory, but that
preferential usage of diesel cars also extended to urban roads as well, although not to the
extent as seen on motorways. For Northern Ireland, there were only four years of ANPR data
(2010, 2011, 2013, and 2015) with reasonable number of observations being recorded.
However, they did not show consistent trend or major difference in the proportion of diesel
cars observed on different road types, and that the proportion was similar to that implied by
the licensing data. As a result, it is assumed that there is no preferential use of diesel cars in
Northern Ireland and the petrol/diesel mix in car km should follow the proportion as indicated
by the licensing statistics provided by DRDNI. This leads to the vehicle km data for petrol and
diesel cars on different road types in the UK shown in Table 3.11.

The age of a vehicle determines the type of emission regulation that applied when it was first
registered. These have entailed the successive introduction of tighter emission control
technologies, for example three-way catalysts and better fuel injection and engine
management systems to control air pollutant emissions. These technologies can also affect
GHG emissions.

Table 3.13 shows the regulations that have come into force up to 2015 for each vehicle type.
The date into service is taken to be roughly the mid-point of the Directive’s implementation
dates for Type-Approval and New Registrations.

Table 3.13 Vehicles types and regulation classes
. . Approx. date into
Vehicle Type Fuel Regulation service in UK
Cars Petrol Pre-Euro 1
91/441/EEC (Euro 1) 1/7/1992
94/12/EC (Euro 2) 1/1/1997
98/69/EC (Euro 3) 1/1/2001
98/69/EC (Euro 4) 1/1/2006
EC 715/2007 (Euro 5) 1/7/2010
EC 715/2007 (Euro 6) 1/10/2015
Diesel Pre-Euro 1
91/441/EEC (Euro 1) 1/1/1993
94/12/EC (Euro 2) 1/1/1997
98/69/EC (Euro 3) 1/1/2001
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. . Approx. date into
Vehicle Type Fuel Regulation service in UK

98/69/EC (Euro 4) 1/1/2006
EC 715/2007 (Euro 5) 1/7/2010
EC 715/2007 (Euro 6) 1/10/2015

LGVs Petrol Pre-Euro 1
93/59/EEC (Euro 1) 1/7/1994
96/69/EEC (Euro 2) 1/7/1997

1/1/2001 (<1.3t)
98/69/EC (Euro 3) 1/1/2002 (>1.31)
98/69/EC (Euro 4) 1/1/2006
EC 715/2007 (Euro 5) 1/7/2011
Diesel Pre-Euro 1
93/59/EEC (Euro 1) 1/7/1994
96/69/EEC (Euro 2) 1/7/1997
1/1/2001 (<1.3t)

98/69/EC (Euro 3) 1/1/2002 (>1.31)
98/69/EC (Euro 4) 1%58‘1)‘2
EC 715/2007 (Euro 5)

HGVs and Diesel (All types) Pre-1988

buses 88/77/EEC (Pre-Euro 1) 1/10/1988
91/542/EEC (Euro I) 1/10/1993
91/542/EEC (Euro II) 1/10/1996
99/96/EC (Euro IlI) 1/10/2001
99/96/EC (Euro V) 1/10/2006
99/96/EC (Euro V) 1/10/2008
EC 595/2009 (Euro VI) 1/7/2013

Motorcycles Petrol Pre-2000: < 50cc, >50cc (2 st, 4st)
97/24/EC: all sizes (Euro 1) 1/1/2000
2002/51/EC (Euro 2) 1/7/2004
2002/51/EC (Euro 3) 1/1/2007

In previous years, the inventory was developed using licensing data to define the age mix of
the national fleet and data from travel surveys that showed how annual mileage changes with
vehicle age. This was used to split the vehicle km figures by age and Euro classification. The
ANPR data provided direct evidence on the age mix of vehicles on the road and how this
varied on different road types and thus obviated the need to rely on licensing data and
assumptions about changing mileage with age. The information tended to show that the diesel
car, LGV and HGV fleet observed on the road was rather newer than inferred from the
licensing records and mileage surveys. However, this information was only available for 2007-
2011, 2013, and 2015, so it was important to consider how the trends observed in these limited
years of ANPR data availability could be applied to earlier years. This was done by developing
a pollutant and vehicle specific scaling factor for each road type reflecting the relative
difference in the fleet mix on each road type defined by the ANPR data compared with that
obtained from the licensing and older mileage with age data. The fleet-adjustment scaling
factors were averaged over the 2007-2011 period and were extrapolated to a value of 1 in
1990 because in this year all vehicles meet pre-Euro 1 standard, and hence differences in the
age of the fleet on different road types have no effect on emissions. An overall year-, vehicle-
, road- and pollutant-specific factor is then applied to GB average emission factors calculated
from the vehicle fleet turnover model across the whole time-series to account for the variations
in fleet profiles according to vehicle usage as evidenced from the ANPR data.

As no ANPR data were available for 2012, the average of the fleet-adjustment scaling factors
for 2011 and 2013 was applied to the emission factors derived for the fleet in 2012 according
to licensing data. As no ANPR data was available for 2014, the average of the fleet-
adjustment scaling factors for 2013 and 2015 was applied to the emission factors derived for
the fleet in 2014 according to licensing data.

For some pollutants, the emission factors cover three engine size ranges for cars: <1400cc,
1400-2000cc and >2000cc. The vehicle licensing statistics have shown that there has been a
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growing trend in the sales of bigger and smaller engine-sized cars in recent years, in particular
for diesel cars at the expense of medium-sized cars. The inventory uses the proportion of cars
by engine size varying each year from 2000 onwards based on the vehicle licensing data (DfT,
2016c). In addition, the relative mileage done by different size of vehicles was factored into
the ratios; to take account of the fact that larger cars do more annual mileage than smaller
cars (DfT, 2016c).

For other vehicle categories, additional investigation had to be made in terms of the vehicle
sizes in the fleet as the emission factors cover eight different size classes of rigid HGVS, six
different weight classes of artic HGVs, five different weight classes of buses and coaches and
six different engine types (2-stroke and 4-stroke) and size classes of mopeds and motorcycles.
Information on the size fractions of these different vehicle types was obtained from vehicle
licensing statistics (DfT, 2016c¢) and used to break down the vehicle km data. Some data were
not available and assumptions were necessary in the case of buses, coaches and
motorcycles.

DfT Road Freight Statistics (DfT, 2016d) provided a time series of vehicle km (2000-2014)
travelled by different HGV weight classes based on the Continuing Survey of Road Goods
Transport (CSRGT). The data show that there has been a gradual reduction in traffic activity
for the rigid HGVs below 17 tonnes across the time-series, while there has been an increase
in traffic activity for rigid HGVs over 17 tonnes over the period 2000 to 2008, after which there
is a slight decrease in activity to 2014. Data for 2015 was not available and so the vehicle size
mix for 2014 was applied to 2015. For artic HGVs, the dominant group continues to be those
over 33 tonnes, and traffic activity from the below 33 tonnes category have been decreasing
over time. This information has been used to allocate HGV vehicle km between different
weight classes, although further assumptions have to be made as the inventory uses a more
detailed breakdown of weight classes than those defined in the Road Freight Statistics.

Only limited information on the sizes of buses and coaches by weight exists; based on analysis
of local bus operator information, it was assumed that 72% of all bus and coach km on urban
and rural roads are done by buses, the remaining 28% by coaches, while on motorways all
the bus and coach km are done by coaches.

Assumptions on the split in vehicle km for buses outside London by vehicle weight class are
based on licensing information and correlations between vehicle weight class and number of
seats and whether it is single- or double-decker. It is assumed that 31% of buses are <15t and
the remaining are 15-18t. For London buses, the split is defined by the fleet composition
provided by Transport for London (TfL, 2016).

For motorcycles, the whole time series of vkm for 2-stroke and 4-stroke motorcycles by
different engine sizes are based on a detailed review of motorcycle sales, population and
lifetime by engine size. It was also assumed that mopeds (<50cc) operate only in urban areas,
while only larger >750cc, 4-stroke motorcycles are used on motorways. Otherwise, the
number of vehicle kilometres driven on each road type was disaggregated by motorcycle type
according to the proportions estimated to be in the fleet. Research on the motorcycle fleet
indicated that 2-stroke motorcycles are confined to the <150cc class.

Voluntary measures and retrofits to reduce emissions

The inventory also takes account of the early introduction of certain emission standards and
additional voluntary measures, such as incentives for HGVs to upgrade engines and retrofit
with particle traps, to reduce emissions from road vehicles in the UK fleet. This was based on
advice from officials in DfT.

Fuel Consumption Factors for Vehicle Types:

The source of fuel consumption factors was changed this year and factors for all vehicle types
are derived from the fuel consumption-speed relationships given in COPERT 5 and the
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EMEP/EEA Emissions Inventory Guidebook (2013). This included a method for passenger
cars which applies a year-dependent ‘real-world’ correction to the average type-approval CO-
factor weighted by new car sales in the UK from 2005-2015. The new car average type-
approval CO, factors for cars in different engine size bands were provided by the Society of
Motor Manufacturers and Traders (SMMT, 2016). The real-world uplift uses empirically-
derived equations in the Guidebook that take account of average engine capacity and vehicle
mass.

Using the Guidebook factors with fleet composition data and average speeds on different road
types (Table 3.12), fleet average fuel consumption factors for each main vehicle category are
shown in Table 3.14 for a selection of years between 1990 and 2015.

Table 3.14 UK Fleet-averaged fuel consumption factors for road vehicles (in g
fuel/km)
Billion vkm 1990 1995 2000 2005 2010 2014 2015
Petrol cars 56.3 55.8 54.8 54.9 54.0 51.7 50.9
Diesel cars 55.0 53.4 53.6 53.6 54.1 51.2 51.1
LGVs 77.9 78.7 77.6 74.9 74.7 72.8 72.1
HGVs 210 205 194 207 211 216 215
Buses and coaches 292 293 268 267 262 256 255
Mopeds and motorcycles 36.2 37.0 38.0 36.9 35.9 34.9 34.9

Carbon Factors

CO; can be calculated from the carbon content of the fuel and the fuel used (calculated as
above). Carbon emission factors for petrol, diesel and LPG are set out in
“Energy_background_data_uk_2017.xIsx”.

CH4 and N2O Emission Factors for Vehicle Types

The emission factors for NO and CH. for all vehicle types in g/km are based on the
recommendation of the Emissions Inventory Guidebook (EMEP, 2013) derived from the
COPERT 4v11 model “Computer Programme to Calculate Emissions from Road Transport”.

For N>O emissions from petrol cars and LGVs, emission factors are provided for different Euro
standards and driving conditions (urban, rural, highway) with adjustment factors that take into
account the vehicle’s accumulated mileage and the fuel sulphur content; both of these tend to
increase emission factors. For diesel cars and LGVs, bulk emission factors are provided for
different Euro standards and road types, with no fuel and mileage effects. The factors for
motorcycles make no distinction between different Euro standards and road types. The factors
for HGVs and buses are provided for different Euro standards, weight classes and driving
conditions.

Nitrous oxide emissions were a problem with early generation petrol cars fitted with three-way
catalysts, being formed as a by-product on the catalyst surface during the NOy reduction
process. Emission factors have been declining with successive Euro standards since the first
generation of catalysts for Euro 1, presumably due to better catalyst formulations as well as
reductions in fuel sulphur content. The fuel sulphur content of road fuels has been steadily
declining since 2000 with the requirements of the European Fuel Quality Directive and is how
less than 10ppm since January 2009 according to Directive 2009/30/EC.

Cold start emissions of N.O were estimated using a method provided by the COPERT 4
methodology for the Emissions Inventory Guidebook (EMEP, 2013). The method uses a
mg/km emission factor in combination with the distances travelled with the vehicle not fully
warmed up, i.e. under “cold urban” conditions. For petrol cars and LGVs, a correction is made
to the cold start factor that takes into account the vehicle’s accumulated mileage and the fuel
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sulphur content, in the same way as for the hot exhaust emission. There are no cold start
factors for HGVs and buses.

Road transport is a relatively unimportant emitter of CH4, only being produced as a
consequence of incomplete combustion, but largely controlled by catalysts on petrol vehicles.
Emission factors are based on factors given in the EMEP/EEA guidebook (EMEP, 2013) for
urban, rural and motorway speeds. For methane the EMEP/EEA guidebook (EMEP, 2013)
provides a separate factor for cold start and hot urban emissions. These are used in
conjunction with estimates on the number of urban kilometres travelled with hot and cold
engines.

Table 3.15 summarises the N.O and CH. implied emission factors for each vehicle type in
mg/km. The age-mileage functions provided by TRL are used to work out the accumulated
mileage effects in the calculation of N.O emission factors. These factors are weightings
according to the distances travelled by the mix of Euro classes in the fleet each year as well
as the proportions of kilometres travelled at different speeds and therefore with different
emission factors. These factors also include the contribution from cold start emissions.

Table 3.15 N20 and CH4 Implied Emission Factors for Road Transport (in mg/km)
a
Pollutant Source 1990 1995 2000 2005 2010 2014 2015
CHa Petrol cars 108.4 84.4 53.2 31.9 17.8 13.6 13.0
DERV cars 16.5 11.9 7.5 2.7 0.9 0.5 0.5
LGVs 76.8 52.0 24.8 7.4 2.8 1.6 1.3
HGVs 73.4 72.1 64.2 63.1 36.6 15.8 12.1
Buses and coaches 127.2 | 1351 | 108.4 90.3 50.4 25.9 21.4
Mopeds and motorcycles | 201.3 | 201.0 | 187.2 | 1525 | 109.8 87.9 82.1
N20 Petrol cars 8.0 13.6 11.0 7.2 2.8 1.7 1.6
DERV cars - 1.9 3.7 5.7 6.3 6.3 6.2
LGVs 5.2 4.1 4.9 5.9 6.2 6.2 6.2
HGVs 30.0 23.9 13.4 8.1 17.2 34.6 37.5
Buses and coaches 30.0 25.3 15.4 8.8 13.7 23.1 25.5
Mopeds and motorcycles 1.9 19 1.9 1.9 19 2.0 2.0

2 Includes cold start emissions.

Using the CH4 and N2O emissions and fuel consumption calculated from the traffic data, it is
possible to derive implied fuel-based emission factors of CHs and N2O (in g/kg fuel) for each
vehicle type in each year which is used in conjunction with the normalised fuel consumption
(see below) to estimate their emissions. This ensures all pollutant emissions are consistent
with fuel sales.

Fuel reconciliation with national statistics and normalisation

The “bottom-up” calculated estimates of petrol and diesel consumption described above are
compared with BEIS figures for total fuel consumption in the UK published in DUKES. The
total amounts in DUKES are adjusted to remove the small amount of consumption by inland
waterways, off-road machinery and consumption in the Crown Dependencies. For a valid
comparison with DUKES which covers only fossil fuel petrol and diesel, the amount of petrol
and diesel displaced by biofuel consumption has been used to correct the calculated
consumption of petrol and diesel.

This comparison shows a small difference between the bottom-up estimated fuel consumption
and DUKES-based figures. In order to be consistent with the IPCC methodologies and ensure
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that the fuel consumption data matches national statistics it is necessary to adjust the
calculated estimates for individual vehicle types by using a normalisation process to ensure
the total calculated consumption of petrol and diesel equals the DUKES-based figures.

Figure 3.2 shows the ratio of model calculated fuel consumption (corrected for biofuel
consumption) to the figures in DUKES based on total fuel sales of petrol and diesel in the UK,
allowing for off-road consumption; Figure 3.3 and Figure 3.4 compare the ‘bottom up’
estimates for fuel consumption for each vehicle type compared to the ‘top down’ DUKES
estimate for petrol and diesel respectively. In all years, the bottom-up method tends to
underestimate fuel consumption. The maximum deviation from DUKES is 16% (for DERV, in
1990) however the ratio tends towards 1 up to 2009, indicating better agreement with fuel
sales data in recent years than in the earlier part of the time-series. In 2015, the bottom-up
method underestimates petrol and diesel consumption by 7.1% and 4.8% respectively.

The normalisation process introduces uncertainties into the fuel consumption estimates for
individual vehicle classes even though the totals for road transport are known with high
accuracy. Petrol fuel consumption calculated for each vehicle type was scaled up by the same
proportions to make the total consumption align with DUKES. The same procedure was used
to scale up diesel consumption by each vehicle type. Passenger cars consume the vast
majority of petrol, so one would expect that DUKES provides a relatively accurate description
of the trends in fuel consumption by petrol cars. This suggests the gap in the early part of the
inventory time-series between DUKES and bottom-up estimates is due to inaccuracies in the
estimation of fuel consumption by passenger cars during the 1990s.

The fuel consumption, normalised to DUKES in the manner described above, is used to
calculate CO, emissions for each vehicle type. For CH4s and N:O, the implied fuel-based
emission factors derived from the traffic data are combined with the normalised fuel consumed
by each vehicle type with the amount of displaced biofuel added to the DUKES total. This is
so that these non-CO- emissions cover all the fuel consumed by the road vehicles, including
the biofuel, and not just the fossil-fuel amounts included in DUKES.

Further details on changes to fuel consumption factors and the impacts this has on fuel
consumption estimates can be found in Ricardo (2016).

Figure 3.2 Ratio of calculated consumption of petrol and diesel fuel
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Note: Calculated petrol and diesel fuel consumption are based on traffic movement and fuel consumption factors
summed for different vehicle types. DUKES figures for these fuels are based on fuel sales in the UK.

UK NIR 2017 (Issue 2) Ricardo Energy & Environment Page 161



Energy (CRF Sector 1) 3

Figure 3.3 Trend in petrol consumption for UK road transport calculated by

bottom-up emissions model using COPERT 4 fuel consumption factors
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Figure 3.4 Trend in diesel consumption for UK road transport calculated by

bottom-up emissions model using COPERT 4 fuel consumption factors
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Emission factors for CHs and N2O emissions from LPG consumption

Carbon emissions from LPG consumption are calculated from the total LPG consumption
given in DUKES and fuel-based factors set out in “Energy_background_data_uk_2017.xIsx”.
Emissions of CH4 and N2O from consumption of LPG were calculated from vehicle km data
and emission factors (expressed as g of pollutant per km) available from COPERT 4 covering
all types of light duty vehicles (cars and LGVSs).

Reliable vkm statistics for LPG vehicles are not readily available. Consumption of LPG is
relatively small in the UK (0.2% of all road fuels in 2015) and there are no reliable data on the
number or types of vehicles running on LPG. Licencing statistics suggests that 0.2% of all light
duty vehicles ran on LPG in 2015. As information on the type of LPG vehicles travelling in the
UK is not available, it has been assumed that all vehicles using LPG are LGVs and this
assumption then allows the kilometres travelled by LPG LGVs to be calculated from fuel
efficiency factors for vehicles using this fuel taken from DfT/TRL (DfT, 2009c) combined with
the total LPG consumption given in DUKES. The LPG kilometres were then combined with
the g/km emission factors for CHs and N2O provided in COPERT 4 assuming the fleet
composition of LPG vehicles in terms of the mix of Euro standards was the same as for diesel
LGVs.

Although the method for calculating CHs and N20O emissions from LPG consumption is based
on g/km emission factors, the use of LPG fuel consumption to estimate km travelled means
the emissions are in effect based on LPG sales consistent with the method used for petrol and
diesel consumption.

Emission from lubricants

Lubricant consumption by the unintended combustion in vehicle engines is estimated using
the method from the EMEP/EEA Emissions Inventory Guidebook (2013). These consumption
estimates were used to calculate CO; emissions from lubricant combustion in road vehicle
engines and are reported in IPCC sector 2D1 (Section 4.22) except for lubricants use from
mopeds, which is deemed to be intentional fuel use and hence reported in IPCC sector 1A3biv.

Emissions of CH4 and N2O also arise from lubricant combustion in engines. However, the
exhaust emission factors for these gases will include the contribution of lubricants as well as
the main fuel to the pollutant emissions when the vehicles were tested. Hence, the emissions
of CHs and N2O (and other air pollutants) from lubricants are included implicitly in the hot
exhaust emissions calculated for each vehicle and fuel type. Treating emissions of these
pollutants separately would lead to a double count.

Overseas Territories and Crown Dependencies

Fuel consumption data for 1A3b were obtained from national statistics for all Overseas
Territories and Crown Dependencies. Fleet composition data were available for all territories
in this cycle, due to the acquisition of new fleet composition data, for territories that previously
were data poor. Detailed fleet data from the UK GHGI were used to disaggregate the fuel
consumption data in order to apply UK-specific emission factors.

Assumptions & observations

There are many assumptions made, using expert judgement, in the Tier 3 approach and these
are referred to in the Method Approach section.

Emissions of direct greenhouse gases are calculated on the basis of fuel sold (and not vkm
travelled) and are consistent with UK energy statistics.

For CO,, the assumptions have little effect on total road transport emissions as this is based
on fuel sales figures in DUKES, but the assumptions used during the normalisation process
affect the distribution of emissions between vehicle types. In particular, the procedure used to
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normalise the diesel consumption calculated for each vehicle type with the total DUKES figure
is important as all vehicle types have a similar share of diesel consumption.

For CH4 and N2O emissions, the diesel normalisation method assumed has a direct effect on
emission estimates as emissions per unit of fuel consumed vary for each vehicle type.

A sensitive parameter in the emission calculations of CH4 and N2O for petrol cars is the
assumption made about the proportion of the fleet with catalyst systems that have failed, for
example due to mechanical damage or failure of the lambda sensor. Following discussions
with DfT, it is assumed that the failure rate is 5% per annum for all Euro standards and that
up to 2008 only 20% of failed catalysts were rectified properly, but those that were rectified
were done so within a year of failing. The assumptions are based on evidence on fitting of
replacement catalysts. According to DfT there is evidence that a high proportion of
replacement catalysts were not Type Approved and do not restore the emission performance
of the vehicle to its original level (DfT 2009b). This is being addressed through the Regulations
Controlling Sale and Installation of Replacement Catalytic Converters and Particle Filters for
Light Vehicles for Euro 3 (or above) LDVs after June 2009. Therefore, a change in the repair
rate is taken into account for Euro 3 and above petrol LDVs from mid-2009 assuming all failed
vehicles are rectified properly.

Other key assumptions that affect CHs and N>O emissions include:

e Application of vehicle speeds measured on a sample of roads to cover the whole road
network;

o Distances covered by petrol car engines not fully warmed up in calculation of cold start
emissions; and

e All LPG is consumed by light goods vehicles.

Recalculations

There have been no major recalculations. Smaller re-calculations have occurred for the
following reasons:

¢ Updates to some of the vehicle km (from DfT) and fleet composition data for London
(from TfL).

¢ Revisions to vehicle km data for Northern Ireland including the split between road
types. This affected the whole time-series.

Improvements (completed and planned)

A watching brief is kept on developments in emission factors and activity data for all modes of
transport.

QA/QC

This source category is covered by the general QA/QC of the greenhouse gas inventory in
Section 1.2.2.5.

An internationally established Tier 3 method is used consistent with IPCC Guidelines and
EMEP/EEA Emissions Inventory Guidebook approaches. The Method Approach section has
described a comparison between the bottom-up, traffic-based approach for calculating fuel
consumption and the total fuel sales figures provided in DUKES; the agreement is within 16%
across the time-series.

The traffic data (vkm) and fleet composition data are provided by DfT and have been assessed
by the UK Statistics Authority and confirmed as National Statistics. A Statement on Quality
Strategy  Principles and Processes for DfT  statistics is provided at
https://www.gov.uk/government/uploads/system/uploads/attachment data/file/10957/statem
ent-on-quality.pdf
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Emission factors and fuel consumption factors are from standard IPCC and EMEP/EEA
Inventory Guidebooks and COPERT. These are peer-reviewed sources.

Time series consistency

There are no time-series issues. Time-series consistency is ensured by the use of DUKES
fuel consumption and use of continuous, consistent vkm traffic data from DfT. Chapter 2
describes trends in implied emission factors for CH4, and N2O. These are consistent with trends
in fleet turnover made using trends in new vehicle sales and constant survival rates combined
with ANPR observations showing usage patterns from 2007-present.

Uncertainties

The uncertainty analysis is set out in Annex 2. The reconciliation between bottom up and top
down approaches gives a high level of confidence in the calculated emissions for road
transport. There is greater uncertainty in the division in CO; emissions between vehicle types.

There are greater uncertainties in the emission factors for CH, and N,O because of limited
emission factor measurements, in particular for more recent vehicle technologies and
emission standards entering service. The main sources of uncertainties in the activity data
affecting the CH4 and N2O inventories are in the division of diesel fuel consumption between
vehicle types and the uncertainty in the fuel consumption factors that determine how much
CH4 and N2O emissions are scaled to be consistent with national fuel consumption. Also in
the on-road fleet composition, catalyst failure rates, trip lengths (for estimating cold start
emissions).

MS 9 Railways

Relevant Categories, source names
1A3c: Ralil - coal
Railways: freight — gas oll
Railways: intercity — gas oil

Railways: regional — gas oll

Relevant Gases
CO3, CH4, N2O

Relevant fuels, activities

Gas oil, coal

Background

This MS includes emissions from gas oil used to power trains and from the consumption of
coal used to power steam trains. The methodology for gas oil is based around three categories
of railway locomotive: freight, intercity and regional. Stationary combustion in the rail sector is
included in MS 5. Most of the electricity used by the railways for electric traction is supplied
from the public distribution system, so the emissions arising from its generation are reported
under 1Ala Public Electricity.

Key Data sources

Activity: DUKES, Office of Rail and Road (ORR) National Rail Trends Yearbook
(NRTY), ORR data portal
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Emission factors: EMEP/EEA 2013, DfT’s Rail Emissions Model (DfT 2012b), AP-42
(USEPA)

An accompanying spreadsheet “Energy background data_uk 2017.xIxs” lists all emission
factors used in the energy sector, including a full list of references?4. Table gives additional
information for common activity data sources.

Method approach
Emissions are calculated based on AD x EF.

Coal consumption data has been obtained from DUKES. Estimates have been made across
the time-series from 1990-2015 and are believed to be due to consumption by heritage trains.
For the indirect GHG emissions, US EPA emission factors for hand-stoked coal-fired boilers
are used to estimate emissions from coal-fired steam trains.

The UK GHGI reports emissions from trains that run on gas oil in three categories: freight,
intercity and regional. Emissions from these are reported under the IPCC category 1A3c
Railways. Emission estimates are based on:

¢ Vehicle kilometres travelled and emission factors in grams per vehicle kilometre for
passenger trains; and

e Train kilometres travelled and emission factors in grams per train kilometre for freight
trains.

For Great Britain, vehicle kilometre data for intercity and regional trains has been obtained
from the UK’s Department for Transport’s Rail Emissions Model for 2009 to 2011 and then
estimated for other years from ORR’s National Rail Trends Yearbook (NRTY) and data portal.
Train kilometre data for freight trains has been estimated from ORR’s National Rail Trends
Yearbook (NRTY) and data portal.

Gas oil consumption by passenger and freight trains is obtained from the 2011 NRTY for the
period 2005-2009 and from ORR’s data portal for the years 2011 - 2014. No data is available
for the years 1970 — 2004 and 2010 and data for 2015 was not published at the time of
compilation. Therefore, fuel consumption for these years was estimated based on the trend in
train kilometres.

For Northern Ireland, train kilometre data and fuel consumption data are provided by Translink,
the operator of rail services in the region.

Carbon sulphur dioxide and nitrous oxide emissions are calculated using fuel-based emission
factors and the total fuel consumed. The CEF for coal is derived from Fynes & Sage (1994)
whilst the CEF for gas oil is taken from Baggott et al. (2004).

Emissions of other pollutants are based on the vehicle / train kilometre estimates, and
emission factors for different train classes. The distribution of the train fleet by train class is
determined based on:

e For passenger trains:
Vehicle train kilometres data for different train classes for 2009, 2010 and 2011 are
derived from the Department for Transport’s Rail Emissions Model. The data for other
years is extrapolated based on the year of introduction.

e For freight trains:
Total billion tonne train kilometre data is taken from the NRTY and ORR. The
breakdown by train class was obtained from the Department for Transport’s Rail
Emissions Model of 2009. Data for other years is extrapolated based on the year of
introduction.
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The emission factor for SO, decreased from 0.76 kt/ Mt fuel in 2011 to 0.02 kt/ Mt fuel in 2012
in line with requirements introduced from the 1% January 2012 in the EU Fuel Quality Directive
(2009/30/EC) that limited the sulphur content of gas oil to 10ppm.

For coal-fired steam trains, US EPA emission factors for hand-stoked coal-fired boilers are
used to estimate emissions. These are considered most appropriate for the type of coal-fired
boilers on heritage trains.

Assumptions & observations

It has been assumed that new passenger trains introduced since 2012 are compliant with the
European Non Road Mobile Machinery Stage IIIB regulations.

As with passenger trains, it has been assumed that the new freight trains introduced since
2012 are compliant with the European Non Road Mobile Machinery Stage 111B regulations.
Recalculations

There have been no method changes or recalculations.

Improvements (completed and planned)

A watching brief is kept on developments in emission factors and activity data for all modes of
transport.

QA/QC

This source category is covered by the general QA/QC of the greenhouse gas inventory in
Section 1.2.2.5.

Time series consistency

Coal use in heritage railways is not reported in DUKES for all years. For the years in which no
activity data are reported, emissions are reported as “IE.” Consultation with the DUKES team
has indicated a high level of confidence in total coal use for the UK. As such although no data
are available to allocate emissions to rail for earlier years in the time series, this does not
represent an under report in the UK inventory.

Gas oil consumed by the rail sector is estimated based on the change in train / vehicle
kilometres prior to 2005, for 2010 and for 2015. However, the total amount of gas oil consumed
in the UK is thought to be reliable and therefore this does not represent an under / over report
in the UK inventory as a whole.

Uncertainties

The uncertainty analysis is set out in Annex 2. The main uncertainties for the rail sector relate
to the poor emission factor data across all sources and the lack of detailed train kilometre data
by train class.

MS 10 Shipping — coastal and fishing in UK waters

Relevant Categories, source names
1A3d: Shipping — coastal

1A4ciii: Fishing vessels

Relevant Gases
CO3, CH4, N2O
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Relevant fuels, activities

Gas oil, fuel oil

Background

This MS includes emissions from coastal shipping and fishing in UK territorial waters. Shipping
outside of UK territorial waters is included in MS 13, inland waterways in MS 12, and shipping
between the UK and OTs (classified as domestic) are described in MS 11.

Key Data sources

Activity: DUKES (BEIS 2016), Entec, 2010, DfT Maritime Statistics, MMO Fishing
statistics (MMO, 2016).

Emission factors:  Baggott et al., 2004, EMEP/EEA 2006

An accompanying spreadsheet “Energy_background_data_uk_2017.xIxs” lists all emission
factors used in the energy sector, including a full list of references?*. Table 1.6 gives additional
information for common activity data sources.

Method approach

Emissions from coastal shipping and fishing vessels are based on Entec (2010). This study is
described in Annex 3. This MS describes how the Entec study is used for inventory reporting.
The method is consistent with a Tier 3 approach.

The Entec study produced bottom up estimates of fuel consumption and CO, emissions for
2007. The study also produced a method for extrapolating the estimates for the full time series.
The Entec data and method is used directly for the GHG inventory data for coastal shipping
and fishing. CH4 and N>O were not considered by Entec, these are estimated using Entec’s
fuel consumption estimates and default emission factors from EMEP/EEA 2006.

Using this data leads to a deviation from DUKES national energy statistics for shipping.
Annex 3 describes how fuel use for all of the shipping related sources are reconciled with the
DUKES data.

Recalculations

There have been no method changes.

There has been a minor (< 1%) change in the activity in 2014 due to a revision to DfT statistics
for waterborne passenger movements.

Improvements (completed and planned)

Improvements have begun and are ongoing on a significant improvement task to apply activity
data from Automatic ldentification System (AIS) receivers to improve the bottom-up emissions
estimate method.

QA/QC

This source category is covered by the general QA/QC of the greenhouse gas inventory in
Section 1.2.2.5. All fishing and shipping estimates are reconciled with total DUKES fuel use
estimates to ensure completeness.

Time series consistency

The fluctuations in the time-series of emissions from navigation partly reflect the fluctuations
in the total fuel consumption statistics for marine fuels given in DUKES. The time-series for
national navigation is derived from trends in port activity statistics for different vessel types.
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Some of these show an increase in activities over time, others a decrease in activities over
the time series.

The break in the time-series in national navigation emissions for residual oil and gas oil from
2007 onwards is due to the imposition of the Sulphur Emission Control Area (SECA) around
UK waters from this year. It is assumed that the imposition of fuel sulphur content limits
resulted in increased use of lower sulphur distillate (gas oil) compared with high sulphur
residual oil. It was also assumed that passenger vessels switched from using residual oil to
gas oil outside of SECAs from 2007 onwards to comply with the Sulphur Content in Marine
Fuel Directive. As a consequence, the sum in emissions and fuel consumption from both fuels
does not show a break, but there is an increase in gas oil emissions and a decrease in residual
oil emissions from 2007.

These fluctuations and breaks in the time series are not considered to be time series
consistency issues.
Uncertainties

The uncertainty analysis is set out in Annex 2. The uncertainty in the bottom up calculated
estimates are considered to be less than the energy statistics. Additional uncertainty is
introduced through the use of proxy statistics to develop the time series. The uncertainty in
the carbon emission factor is low since this is UK specific, whereas the uncertainties for non-
CO; gases are higher.

MS 11 Shipping between UK and OTs

Relevant Categories, source names
1A3d: Shipping between UK and Gibraltar
Shipping between UK and OTs (excl. Gibraltar)

Relevant Gases
CO3, CH4, N2O

Relevant fuels, activities

Fuel oil

Background

This MS includes estimates of emissions from shipping movements between the UK and the
Overseas Territories. These were not included in the Entec 2010 study (described in Annex 3)
and are therefore calculated separately. These are included as domestic emissions for
UNFCCC reporting, and reported under 1A3d.

Key Data sources

Activity: DfT (personal communication), OT port authorities (personal
communications), EMEP/EEA 2009

Emission factors:  Baggott et al., 2004, EMEP/EEA 2009

An accompanying spreadsheet “Energy_background_data_uk_2017.xIxs” lists all emission
factors used in the energy sector, including a full list of references?*. Table 1.6 gives additional
information for common activity data sources.
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Method approach
a) Activity data

The total fuel consumed by vessels moving between the UK and each OT is calculated as the
sum of all fuel consumed by freight and passenger vessels. This is calculated separately for
movements from the UK to each OT and from each OT to the UK.

There are no published data on the number and types of voyages between the UK and
overseas territories (OTs). However, officials at the UK Department for Transport (DfT,
Personal communication, 2016) were able to interrogate their ports database which forms the
basis of the less detailed information published in DfT’s Maritime Statistics. This included
information on freight shipping movements and passenger vessel movements. Additional
information on passenger vessel movements were gathered from individual OT port
authorities.

For freight shipping, the DfT were able to provide the number of trips made between a UK
port and an OT port by each unique vessel recorded. The information provided the type of
vessel and the departure and arrival port. Figures were provided for all years between 2000
and the latest inventory year.

The information on the type of vessel combined with information from EMEP Emissions
Inventory Guidebook 2009?” was used to define:

e the average cruise speed of the vessel;
e the average main engine power (in kW); and
e the specific fuel consumption factor (g/kwh).

DfT were unable to provide the detailed port data for years before 2000. The individual OT
port authorities also did not have this information. The trends in fuel consumption calculated
by Entec for all UK international shipping from 1990 to 2000 (based on less detailed UK port
statistics) were used to define the trend in fuel consumption for shipping between the UK and
OTs over these years.

For passenger vessels, the information held by OT port authorities indicated the only
movements were by cruise ships (i.e. not ferries). Data from DfT was used for the years 2013-
2015(DfT, 2016). Detailed movement data were held by the port authority of Gibraltar listing
all voyages departing to or arriving from the UK from 2003 to 201228, The DfT also held
information on the number of UK port arrivals by cruise ships from the OTs, but only between
1999 and 2004. This is unpublished information and was provided via direct communication
with DfT officials.

Information held by the other OTs indicated that none had any cruise ship sailings with the UK
logged. The data held by DfT showed the majority of sailings were from Gibraltar and the data
were consistent with the information provided by the Gibraltar port authority. However, the DfT
data also showed a total of 3 arrivals from the Falkland Islands between 1999 and 2004.

No cruise ship information was available before 1999 from either DfT or the individual OT port
authorities. Trends in the total number of passengers on cruises beginning or ending at UK
ports between 1990 and 1999 published in DfT’s Maritime Statistics (from Table 3.1(a) UK
international short sea passenger movements, by port and port area: 1950 — 2009) were used
to define the trend in fuel consumption by cruise ships between the UK and OTs over these
years.

27 hitp://www.eea.europa.eu/publications/emep-eea-emission-inventory-guidebook-2009

28 hitp://www.gibraltarport.com/cruise/schedules
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Distance travelled: Distances for each voyage for freight and passenger were taken from
http://www.portworld.com/map/. This has a tool to calculate route distance by specifying the
departure and arrival ports. Using the distance, average speed, engine power and fuel
consumption factor it was possible to calculate the amount of fuel consumed for every voyage
made.

Emission factors

The emission factors used are average factors implied by Entec (2010) for all vessels involved
in international voyages supplemented by factors from the EMEP/EEA emissions inventory
guidebook (2009) for marine engines.

Assumptions & observations

Total fuel use for these shipping movements is reconciled with DUKES.

All fuel used for voyages between the UK and OTs is assumed to be fuel oil.

Data provided by various data sources are assumed to be complete.

Recalculations

There have been no method changes but there have been recalculations.

Recalculations have occurred to the submission under to Convention (the ‘GBR’ submission)
due to the removal of Bermuda from the list of OTs.

Improvements (completed and planned)

This emission source was introduced in response to the UNFCCC ERT in 2012. No
improvements to this method are currently planned.

QA/QC

This source category is covered by the general QA/QC of the greenhouse gas inventory in
Section 1.2.2.5. There are no official statistical data sets available to verify the information
provided for the calculation of these estimates. They are considered to be the best available
data. Total fuel use for all shipping sources is reconciled with DUKES.

Time series consistency

The method approach section above details which years data were available for. Gaps have
been filled for the early part of the time series based on other statistics, to ensure that the
inventory is complete for all years.

Uncertainties

The uncertainty analysis is set out in Annex 2. The uncertainty in this particular source is high
although the contribution to the total inventory is low and as such, it does not warrant further
research. Estimates are included for completeness, following a recommendation from the
ERT.

MS 12 Inland Waterways

Relevant Categories, source names
1A3d Inland goods-carrying vessels

Motorboats / workboats (e.g. canal boats, dredgers, service boats, tourist boats, river
boats)
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Personal watercraft e.g. jet ski
Sailing boats with auxiliary engines

Relevant Gases
COgy, CH4, N2O

Relevant fuels, activities
DERV, Gas oil, Petrol

Background

The category 1A3dii Waterborne Navigation includes emissions from fuel used for passenger
vessels, ferries, recreational watercraft, other inland watercraft, and other gasoline-fuelled
watercraft. Methods for estimating emissions for these small vessels are presented separately
here as they are calculated using different approaches to other marine emissions in the UK
inventory.

Key Data sources

Activity: Walker et al (2011), ONS Social Trends, OECD Stat, Visit England, DfT
Maritime Statistics (elaborated under Method approach, below).

Emission factors;: EMEP/EEA 2007 and 2009

An accompanying spreadsheet “Energy _background_data_uk_2017.xIxs” lists all emission
factors used in the energy sector, including a full list of references?*. Table 1.6 gives additional
information for common activity data sources.

Method approach

The Guidelines recommend national energy statistics be used to calculate emissions, but if
these are unavailable then emissions should be estimated from surveys of fuel suppliers,
vessel movement data or equipment (engine) counts and passenger and cargo tonnage
counts. The UK has no separate national fuel consumption statistics on the amount of fuel
used by inland waterways in DUKES. However, they are included in the overall marine fuel
statistics. A Tier 3 bottom-up approach based on estimates of population and usage of
different types of inland waterway vessels is used to estimate their emissions. In the UK, all
emissions from inland waterways are included in domestic shipping totals.

The methodology applied to derive emissions from the inland waterways sector uses the 2007
and 2009 EMEP/EEA Emissions Inventory Guidebooks (EMEP, 2009b) approach.

Emissions from individual vessel types are calculated using the following equation:

E= zNXHRSXHPXLFXEFL-
i

where:

E = mass of emissions of pollutant i or fuel consumed during inventory period,

N = source population (units),

HRS = annual hours of use,

HP = average rated horsepower,

LF = typical load factor,

EF; = average emissions of pollutant i or fuel consumed per unit of use (e.g. g/kwh).
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The method requires:

e a categorisation of the types of vessels and the fuel that they use (petrol, DERV or gas
oil);

e numbers for each type of vessel, together with the number of hours that each type of
vessel is used;

¢ data on the average rated engine power for each type of vessel, and the fraction of
this (the load factor) that is used on average to propel the boat; and

o g/kWh fuel consumption factors and fuel-based emission factors.

The inland waterways class is divided into four categories and sub-categories (Walker et al,
2011):

e Sailing Boats with auxiliary engines;

o Motorboats / Workboats (e.g. dredgers, canal, service, tourist, river boats);
o recreational craft operating on inland waterways;
o recreational craft operating on coastal waterways;
o workboats;

e Personal watercratft i.e. jet ski; and

¢ Inland goods carrying vessels.

Activity data for 2008

A bottom-up approach was used based on estimates of the population and usage of different
types of craft and the amounts of different types of fuels consumed. Estimates of both
population and usage were made for the baseline year of 2008 for each type of vessel used
on canals, rivers and lakes and small commercial, service and recreational craft operating in
estuaries / occasionally going to sea. For this, data were collected from stakeholders, including
the British Waterways, DfT, Environment Agency, Maritime and Coastguard Agency (MCGA),
and Waterways Ireland.

As it was only possible to estimate population and activities for one year (2008), proxy
statistics were used to estimate activities for different groups of vessels for other years in the
time series:

e Private leisure craft — ONS Social Trends 41: Expenditure, Table 1, Volume of
household expenditure on "Recreation and culture”;
http://www.ons.gov.uk/ons/rel/social-trends-rd/social-trends/social-trends-41/social-
trends-41---expenditure.pdf. No data were available for this dataset after 2009,
therefore a second dataset was used to estimate the activity from 2010: OECD.Stat
data: http://stats.oecd.org/Index.aspx?DataSetCode=SNA_TABLES5 - ‘Final
consumption expenditure of household, UK, P31CP090: Recreation and culture);

¢ Commercial passenger/tourist craft — Visit England, Visitor Attraction Trends in
England 20145, Full Report:_http://www.visitengland.org/insight-statistics/major-
tourism-surveys/attractions/Annual_Survey/ : "Total England Attractions"

e Service craft (tugs etc.) — DfT Maritime Statistics, Port traffic trends. Table
PORT0102 - All UK port freight traffic, foreign, coastwise and one-port by direction;
https://www.gov.uk/government/statistical-data-sets/port01-uk-ports-and-traffic and

o Freight — DfT Waterborne Freight in the United Kingdom, Table DWF0101:
Waterborne transport within the United Kingdom (Goods lifted - UK inland waters
traffic - Non-seagoing traffic — Internal) https://www.gov.uk/government/statistical-
data-sets/dwf01-waterborne-transport

One of these four proxy data sets was assigned to each of the detailed vessel types covered
in the inventory and used to define the trends in their fuel consumption from the 2008 base
year estimate to all other years in the inventory.
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Emission factors

The fuel-based emission factors used for all inland waterway vessels for CH4 and N.O were
taken from the EMEP/EEA 2009. Emission factors for carbon are from Baggott et al, 2004.

Assumptions & observations

A key assumption made is that privately owned vessels with diesel engines used for
recreational purposes use DERV while only commercial and service craft and canal boats use
gas oil (Walker et al., 2011). Some smaller vessels also run on petrol engines. As a result,
around 90 kt of DERV and 90 kt of petrol previously assigned to the road transport sector for
2009 in the 2009 inventory are now allocated to inland waterways.

Walker at al. (2011) and Murrells et al. (2011) draw attention to the potential overlap between
the larger vessels using the inland waterways and the smaller vessels in the shipping sectors
(namely tugboats and chartered and commercial fishing vessels), and the judgement and
assumptions made to try to avoid such an overlap.

Recalculations
There have been no method changes. The have been recalculations; as follows;

¢ 5.6% decrease in the estimated activity in 2014 in the proxy statistics used to estimate
the activity from freight vessels within the inland waterways sector.

e Minor recalculation in the proxy statistics used to estimate the activity from private
leisure craft within the inland waterways sector. This includes a <1% decrease in 2010-
2011, a 0.1% increase in 2012, and a 1-2% decrease in 2013-2014.

Improvements (completed and planned)

No improvements to this method are currently planned. Emission factors and activity data are
kept under review.

QA/QC

This source category is covered by the general QA/QC of the greenhouse gas inventory in
Section 1.2.2.5.

Time series consistency

The bottom up analysis for this source category was carried out for one year, and the time
series is generated using proxy statistics, as set out in the method approach section, above.
Consistent time series of proxy statistics, where available, have been used to estimate the
time series. For private water craft, two data sets have been combined. Where the two data
sets overlap, there is a correlation in the trend. The combination of these data sets does not
introduce any time consistency issues.

Uncertainties

The uncertainty analysis is set out in Annex 2. There are no official statistics for the population
of vessels, the total fuel consumption or the annual usage of the vessels. There may also be
some overlap in definitions between coastal shipping and inland waterways. Total fuel use for
shipping is reconciled with the DUKES total to ensure completeness.

MS 13 Fishing outside of UK territorial waters

Relevant Categories, source names

1A4ciii: Fishing vessels (outside UK waters)
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Relevant Gases
CO,, CH4, N2O

Relevant fuels, activities
Gas oail, fuel oil

Background

A separate method as required for fishing vessels outside UK waters as the approach used
for calculating shipping (Entec, 2010) is based on geographical boundary and covers only
domestic emissions from fishing vessels that stay within UK waters (covering a sea area up
to 200 nautical miles from the UK coast), leaving from and returning to UK ports. It is therefore
assumed that this study does not include the full fuel consumption from fishing vessel
operations. In response to comments from reviewers during the In-Country review of the UK’s
Greenhouse Gas Inventory in 2012, emissions have been estimated from commercial fishing
activities occurring in waters outside the Entec study area. These emissions are included in
the UK national totals and reported under 1A4ciii.

Key Data sources
Activity: MMO, 2016. Borges et al., 2008
Emission factors:  Baggott et al., 2004, EMEP/EEA 2009, Entec 2010

An accompanying spreadsheet “Energy _background_data_uk_2017.xIxs” lists all emission
factors used in the energy sector, including a full list of references?*. Table 1.6 gives additional
information for common activity data sources.

Method approach

A Tier 2 approach is used to estimate emissions from deep sea trawlers heading out of the
UK waters, fishing and then returning to the UK.

Activity data

The Marine Management Organisation (MMO) produces a report annually on the UK fishing
industry?® entitled “UK Sea Fisheries Statistics®®”. This is classed as a National Statistics
Publication. This report gives the tonnes of fish landing into the UK and abroad by UK vessels
by area of capture. The areas of capture are listed in terms of the ICES® sea area
classification system. The sea areas covered by Entec (2010) are broadly the ICES areas |V,
V, VI and VIl and these are included in calculation for fishing within UK waters (see MS 10).
The method statement considered activities outside these areas only. According to the MMO
reports, these other areas where the UK actively fishes are listed below:

Barents Sea/Murman Coast (l);
Norwegian Coast (lla);

Bear Island & Spitzbergen (lIb);
Bay of Biscay (VIII);

2% The MMO is an executive non-departmental public body (NDPB) incorporating the work of the Marine and
Fisheries Agency (MFA) and marine-related powers and specific functions previously associated with DECC and
the Department for Transport (DfT)

30 http://www.marinemanagement.org.uk/fisheries/statistics/annual.htm#chapter3

31 ICES is the International Council for the Exploration of the Sea. See for example
http://www.fao.org/docrep/009/a0210e/a0210e12.jpg
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o East Coast of Greenland (XIV);
¢ North Azores (XII); and
e Other Areas.

The MMO reports give tonnes of fish landed in the UK from each of these areas from 1994-
the latest year.

The approach involved in calculating the fuel used by the fleet to reach and return from these
“non-UK” sea areas and the fuel consumed whilst fishing in the areas.

To calculate the fuel used to reach and return from these non-UK ICES sea areas it is
necessary to know:

¢ the number of vessel trips to non-UK ICES areas, based on average tonnes fish landed
per trip;

e the distance from a UK port to a point in the ICES sea area,

¢ the average vessel speed in order to estimate the time taken to reach the sea area;

¢ the typical engine power of the types of vessels used; and

¢ time spent fishing in the sea areas.

i) Number of vessel trips

According to the MMO Landings report, the fish catches in the non-UK ICES areas are mainly
of pelagic fish such as mackerel and herring. These are also mainly caught by the largest
vessels, over 24m.

A publication by Borges et al*2 on Dutch commercial fishing operations by pelagic trawlers
indicated that a small number of very large-sized trawlers (factory trawlers) catch on average
155 tonnes pelagic fish per vessel per trip based on data for 2005. These are vessels that
are over 100m in length with an engine size close to 6,000kW making them similar in size to
a bulk carrier ship.

The MMO Landings data for 2011 indicates that 39,500 tonnes fish were caught in the non-
UK ICES areas in 2011. Assuming the UK vessels have the same trawling capacity as the
Dutch fleet, then this would require 255 vessel trips per year in 2011.

The Borges et al study stated that the Netherlands has some of the largest fishing vessels in
the world. If the UK vessels are generally smaller then they will require more than the 255 trips
to the non-UK ICES areas estimated above to make the total catch reported. However, this
will be offset by the fact that their engine sizes and hence fuel consumption rates would be
lower.

According to Table 3 in the MMO Structure and Activity 2011 report, the average engine size
of the >24m fleet of vessels in the UK was 1,206 kW which is considerably less than the engine
size of the factory trawlers in the Dutch fleet. The largest vessels in the UK fleet are in Scotland
(142 vessels >24m, with an average engine size of 1,350 kW). It is possible that very large
vessels make up a sub-set of these figures.

For the purpose of these estimates, 255 vessel round-trips was assumed to the non-UK ICES
areas in 2011 in conjunction with an assumed engine power for these vessels of 5,800kW.
Fish landings for these non-UK ICES areas in other years from the MMO reports were used
to calculate number of round-trips in other years.

32 L Borges et al, “What do pelagic freezer-trawlers discard?”, ICES Journal of Marine Science, 65:
605-611(2008), http://icesims.oxfordjournals.org/content/65/4/605.full.pdf
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For 2015, the landings of fish increased to 34,100 tonnes, which following the method applied
above implies 227 round trips.

i) Distances covered to/from the non-UK ICES sea areas

The MMO information was used to split the tonnes of fish landings from the non-UK ICES
areas between each area in each year. The tables in the 2011 MMO Landing reports indicate
that the major areas of capture by UK fishing vessels in the non-UK ICES areas are the north
Norwegian coast and ‘other areas’. The MMO reports do not specify what ‘other areas’ refer
to, but the MMO Landings report indicates that Spain and Morocco are major areas outside
UK waters receiving landings of pelagic fish from UK vessels. It was therefore assumed that
the landings to the UK from ‘other areas’ are from off the coast of Morocco which is known to
be an important fishing area.

Further detailed landings data in the 2011 MMO Landings report indicate that 81% of landings
of pelagic fish are to major ports in Scotland (Peterhead, Lerwick and Fraserburgh) with 11%
to major ports in the south-west of England (mainly Plymouth, Newlyn and Brixham) and the
rest to other ports.

It was assumed that all 11% of the landings to the south-west of England were captured in the
‘other areas’ (designated as Morocco). Peterhead and Lerwick were assumed to take the
remaining landings captured from Morocco and all the landings captured off the coast of
Norway and the other minor areas. The Peterhead/Lerwick split was taken to be 65%/35% for
all the areas of capture based on MMO data.

This information on landings was used to split the total number of vessel trips from the UK
(calculated above) to each of the non-UK ICES sea areas between the “representative” UK
ports of Peterhead, Lerwick and Plymouth.

To calculate trip distances, certain central positions were allocated to each area of capture.
Distances from the relevant UK port to these positions are shown below:

Table 3.16 Approximate distances to points in each sea area in km
Peterhead Lerwick Plymouth
Barents Sea/Murman Coast (I) 1923 1730
Norwegian Coast (l1a) 1000 750
Bear Island & Spitzbergen (lIb) 2600 2300
Bay of Biscay (VIII) 2000 1875 660
East Coast of Greenland (XIV) 1800 1700
North Azores (XII) 3000 3000
Other Areas @ 2900 2900 1700

Using the return port-sea area distances and the number of return trips made, split between
each combination of UK port-to-sea area, the total distances travelled per year by all UK
fishing trips to the non-UK ICES areas were calculated for each year.

iii) Average vessel speed
An average cruise speed of 25 kph was used for the fishing vessels travelling between the UK

port and area of fish capture. This is taken from the EMEP Inventory Guidebook section on
marine navigation.

Using this speed with the trip distances calculated above, the total time taken to travel the
distances calculated above was derived for each year.
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iv) Rated engine power

A rated engine power of 5,800 kW was used for all vessels, consistent with the calculation of
number of vessel trips above.

A weighted average engine load factor of 0.8 is used for the calculation of fuel consumption
during fishing operations. This is based on an assumption that the vessel would be operating
under different loads for different parts of a day. The assumptions were: 5 hrs/day at 80%
load, 11 hrs day at 50% load, 8 hrs/day at 20% load.

V) Fuel consumption

A specific fuel consumption factor of 203 g/kWh was used to calculate total fuel consumption
by UK vessels travelling to and returning from the non-UK ICES sea area in conjunction with
rated engine power, load factor and total travel time. The fuel consumption factor was taken
from Table 3-4 in the EMEP/EEA Emissions Inventory Guidebook 2009 for a medium- and
high-speed diesel engine using Marine Diesel/Gas Oil (MDO/ MGO).

The fuel used whilst actively fishing in the non-UK areas was calculated by assuming each
vessel spends 4 days actively fishing once it has reached its sea area. This was used in
conjunction with the same engine power, load information and fuel consumption factor as
above to calculate total fuel consumption for all UK vessels whilst actively fishing in these sea
areas.

Note that using other information in the MMO reports on total fishing effort in combination with
the vessel trip information and landings used here implies that the average time spent fishing
is around 3-4 days, consistent with this assumption.

The total fuel consumption for fishing by UK vessels in non-UK ICES areas is the sum of the
total fuel consumed during the fishing activity and the total fuel consumed travelling to and
from the area of capture.

Emission factors

The emission factors are those used by Entec for fishing vessels in UK waters supplemented
by factors from the EMEP/EEA emissions inventory guidebook (2009) for marine engines and
Baggott et al., 2004 for carbon factors.

Assumptions & observations

All the fuel used for deep sea fishing in non-UK waters is assumed to be gas oil sourced in
the UK. All other assumptions are documented in the Method Approach, above.
Recalculations

There have been no recalculations.

Improvements (completed and planned)

No improvements to this method are currently planned. Emission factors and activity data are
kept under review.

QA/QC

This source category is covered by the general QA/QC of the greenhouse gas inventory in
Section 1.2.2.5.
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Time series consistency

No data are available to estimate emissions for years prior to 1994. Emissions for 1990 to
1993 are assumed to be the same as 1994.

Uncertainties

The estimates of fuel consumption are very uncertain, owing to the number of assumptions
used, limited data availability and reliance on Dutch data. There is no top down number
available to verify the estimates or constrain to. However, where possible, other data sources
have been considered to validate some of the assumptions (see method approach section).
The uncertainty in the carbon emission factor is low, since this is based on UK specific data.
The emission factors for CHs and N»O are higher since these are based on defaults, however,
these make up a small proportion of the total emission. These estimates are included in the
UK inventory for completeness. The uncertainty analysis for the UK inventory is set out in
Annex 2.

MS 14 International shipping

Relevant Categories, source names
Marine bunkers: Shipping - international IPCC definition

Relevant Gases
CO3, CH4, N2O

Relevant fuels, activities

Gas oil, fuel oil

Background

This method statement covers estimates of international marine bunkers which are reported
as a Memo item and not included in the UK totals.

Key Data sources

Activity: DUKES (BEIS, 2016); other shipping source AD

Emission factors:  Entec, 2010, EMEP/EEA 2009, Baggott et al., 2004

An accompanying spreadsheet “Energy background_data_uk _2017.xIxs” lists all emission
factors used in the energy sector, including a full list of references?®*. Table 1.6 gives additional
information for common activity data sources.

Method approach

Activity data

Fuel consumption for international shipping is calculated as the difference between total
shipping fuel use in DUKES and all other shipping uses:

International shipping fuel consumption = (total DUKES fuel consumption — Entec domestic
shipping fuel consumption — naval fuel consumption — inland waterways fuel consumption —
fishing vessels outside UK waters fuel consumption — shipping vessels travelling from the UK
to overseas territories fuel consumption)
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Emission factors

Emission factors for CH4 and N>O were taken from EMEP/EEA 2009, and emission factors for
carbon are from Baggott et al., 2004. Emissions of other gases from international shipping
(1A3di) were calculated by multiplying the residual fuel consumption calculated above with an
implied emission factor for international vessel movements. The implied emission factors were
derived from the Entec study by dividing the Entec emission estimates for international vessel
movement by their associated fuel consumption for each fuel type. This effectively means the
inventory does capture the types of vessels, engines, speeds and activities used for
international movements in Entec’s inventory even though the overall movements, fuel
consumption and hence emissions are different. The same factors were used for voyages
between the UK and OTs (see above).

Assumptions & observations
Calculation of international emissions as the residual

The method implies that the total marine fuel consumption by all marine activities covered in
the inventory is considered a “closed” system, in other words, the sum of consumption across
all the different marine activities (international shipping, domestic coastal shipping, fishing,
naval and inland waterways, voyages to overseas territories, fishing outside UK waters) is
consistent with the total amount of gas oil and fuel oil used for consumption as given in DUKES
for marine bunkers and national navigation. The approach also implies a different
domestic/international split to that implied by DUKES. The proportion of fuel consumption
(hence emissions) allocated to domestic shipping is considerably smaller than that implied in
DUKES.

Process for agreeing changes to shipping inventory approach and reasons behind
deviation from DUKES

Following the results of the Entec (2010), the approach to deriving the estimates for the UK
domestic and international shipping fuel use totals has been subject to periodic review through
consultation across all stakeholders. These consultations and method developments have
been necessary to analyse the data discrepancies between the “bottom-up” fuel use estimates
derived from the Entec study, and the “top-down” estimates of fuel sales and ultimate fate by
sector that are presented in the UK energy statistics, DUKES.

Periodic meetings are held to bring together the key parties: BEIS, Defra, DfT, the UK
Petroleum Industry Association (UKPIA), Entec and the Inventory Agency. The analysis of the
different datasets has led to a revision in the derivation of the shipping fuel allocations, to use
more data that are derived from the bottom-up data on vessel movements. The new method
was then adopted for the 2009 version of the inventory published in early 2011 and was
described in the UK’s 2011 National Inventory Report methodology annex.

The inventory team now maintains regular contact with the DUKES team, and the outputs from
DUKES and other data collection systems are considered in order to determine the best
available estimates for fuel use for domestic and international shipping.

Consistency with marine fuels data submitted to IEA/EUROSTAT

In response to feedback from the Expert Review Team, the Inventory Agency has confirmed
with the UK national energy statistics team at BEIS that the UK allocations of marine bunker
fuels reported within DUKES are consistent with the data submitted to EUROSTAT and the
IEA across the full time-series. Note, however, that the UK inventory memao item estimates for
international shipping deviate from the reported DUKES (and IEA/EUROSTAT) data due to
reallocation of some of the bunker fuels to military shipping based on data from the Defence
Fuels Group of the MoD; these emissions are included in national inventory estimates and not
in the Memo Item (International bunkers) estimate.
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Furthermore, the shipping methodology described above leads to a different
domestic/international split in fuel use allocation for marine fuels compared with the allocations
in the national energy statistics (DUKES) and submissions to IEA/EUROSTAT.

Recalculations

Fuel use is calculated as a residual and as such will change following any recalculations to

Domestic coastal shipping (MS 10);

Fishing vessels (MS 10);

Inland waterways (MS 12);

Naval shipping (MS 15); and

Shipping between the UK and OTs (MS 11).

Activity data are also recalculated based on DUKES revisions.

Improvements (completed and planned)

No improvements to this method are currently planned. Emission factors and activity data are
kept under review.

QA/QC

This source category is covered by the general QA/QC of the greenhouse gas inventory in
Section 1.2.2.5.

Time series consistency

The fluctuations in the time-series of emissions from navigation partly reflect the fluctuations
in the total fuel consumption statistics for marine fuels given in DUKES. The time-series for
national navigation is derived from trends in port activity statistics for different vessel types.
Some of these show an increase in activities over time, others a decrease in activities over
the time series. Further erratic behaviour in the time-series for bunker fuels results from the
method used to introduce consistency with consumption data in DUKES. Further details in the
methodology are given in the previous sections on navigation.

Uncertainties

The uncertainty analysis is set out in Annex 2. Uncertainty for international bunkers is not
estimated.

MS 15 Naval shipping

Relevant Categories, source names

1A5b: Shipping - naval

Relevant Gases
CO3,, CH4, N2O

Relevant fuels, activities
Gas oll

Background

Emissions from military shipping are reported separately under IPCC code 1A5b.
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Key Data sources
Activity: MoD, 2016
Emission factors:  Baggott et al., 2004, EMEP/EEA 2009

An accompanying spreadsheet “Energy_background_data_uk_2017.xIxs” lists all emission
factors used in the energy sector, including a full list of references?*. Table 1.6 gives additional
information for common activity data sources.

Method approach

Emissions are calculated using a time-series of naval fuel consumption data (naval diesel and
marine gas oil) provided directly by the Sustainable Development and Continuity Division of
the Defence Fuels Group of the MoD (MoD, 2016). Data are provided on a financial year basis
and are amended to derive figures on a calendar year basis.

Carbon emission factors are based on Baggott et al., 2004 and CH4 and N>O use emission
factors from EMEP/EEA 2009. For other pollutants, implied emission factors derived for
international shipping vessels running on marine distillate (MGO and MDO) from the Entec
(2010) study, where available, were assumed to apply for military shipping vessels.

Assumptions & observations

Fuel use for military shipping is included in the DUKES totals. Naval fuel consumption data
(naval diesel and marine gas oil) provided directly by the Sustainable Development and
Continuity Division of the Defence Fuels Group of the MoD (MoD, 2016) is subtracted from
DUKES to ensure there is no double counting (see Annex 4).

Recalculations

There have been no method changes or recalculations.

Improvements (completed and planned)

No improvements to this method are currently planned. Emission factors and activity data are
kept under review.

QA/QC

This source category is covered by the general QA/QC of the greenhouse gas inventory in
Section 1.2.2.5. Total fuel use is verified through the comparison of the reference and sectoral
approaches.

Time series consistency

The time series is generated from consistent data sets for all years, there are no known issues
to raise.

Uncertainties

The uncertainty in the fuel use estimates is low since these are taken from a reliable source.
Carbon emission factors are based on country specific data, whereas the non-CO, gases are
reliant on defaults, which can lead to higher uncertainties. Total fuel use for all shipping
categories are reconciled with the DUKES total, and total uncertainties for all users of a given
fuel are constrained to the total uncertainty for the fuel.
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MS 16 Military aircraft

Relevant Categories, source names
1A5b: Aircraft - military

Relevant Gases
COgy, CH4, N2O

Relevant fuels, activities

Aviation spirit, aviation turbine fuel

Background
Emissions from military aviation are reported separately under IPCC code 1A5b.

Key Data sources
Activity: MoD, 2016
Emission factors:  Baggott et al., 2004, EMEP/EEA 1999, IPCC, 1997.

An accompanying spreadsheet “Energy background _data _uk 2017.xIxs” lists all emission
factors used in the energy sector, including a full list of references?*. Table 1.6 gives additional
information for common activity data sources.

Method approach

LTO data are not available for military aircraft movements, so a simple, Tier 1 approach is
used to estimate emissions from military aviation. The estimate of military emissions is made
using military fuel consumption data (MoD, 2016) and IPCC (1997) and EMEP-EEA (1999)
cruise defaults shown in Table 1 of EMEP-EEA (1999). The military fuel data include fuel
consumption by all military services in the UK. It also includes fuel shipped to overseas
garrisons and casual uplift at civilian airports.

Assumptions & observations

Fuel use for military aviation is included in the DUKES totals. Military aircraft consumption data
provided directly by the Sustainable Development and Continuity Division of the Defence
Fuels Group of the MoD (MaoD, 2015) is subtracted from DUKES to ensure there is no double
counting (see Annex 4). Fuel use for casual uplift is considered to be outside of DUKES.

The EMEP-EEA (1999) factors used are considered appropriate for military aircraft.

Recalculations

There have been no method changes and revised fuel use statistics from the MaoD.

Improvements (completed and planned)

No improvements to this method are currently planned. Emission factors and activity data are
kept under review.

QA/QC

This source category is covered by the general QA/QC of the greenhouse gas inventory in
Section 1.2.2.5.
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Time series consistency

The time series is generated from consistent data sets for all years, there are no known issues
to raise.

Uncertainties

The uncertainty in the fuel use estimates is low since these are taken from a reliable source.
Carbon emission factors are based on country specific data, whereas the non-CO, gases are
reliant on defaults, which can lead to higher uncertainties.

MS 17 Coal mining and handling

Relevant Categories, source names
1Blali: Deep-mined coal

1B1lalii: Coal storage and transport
1B1a2i:Open-cast coal

Relevant Gases
CHg4

Relevant fuels, activities

Coal produced

Background

In 2015 there were 5 deep-mining collieries operational, of which 3 have methane drainage
and recovery systems used to collect and burn mine gas to raise power. A further 17 open
cast coal mines were also operating in the UK in 2015. This is compared with 188 deep mining
collieries and 126 open cast mines operating in 1990%. The UK coal industry is undergoing
considerable restructuring with mine closures continuing under difficult economic
circumstances, and this is evidenced by the 53% reduction in UK deep mined coal production
between 2012 and 2015.

Key Data sources

Activity Data: All activity data on coal production at open cast and deep mines is from
DUKES (BEIS, 2016), except for production at licensed mines during
1990-1995 (only) which are from an industry reference (Barty, 1995).

Emission Factors: Operator reported data on methane emissions from deep mines are used
to derive CS EFs (UK Coal, 2015; Coal Authority, 2015), in conjunction
with UK energy statistics from DUKES when site-specific emissions are
not known (BEIS, 2016). Data for emissions in 2015 is not available, and
so estimates are based on mine-specific production between 2014 and
2015, and mine-specific methane production in 2014 (UK Coal, 2015;
Coal Authority, 2015). Methane EFs from mining operations from UK
research are used to estimate emissions from open cast mines and

33

http://webarchive.nationalarchives.gov.uk/20140721140515/http://coal.decc.gov.uk/assets/coal/DyGg
Jafg pdf part.pdf
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licensed mines (both from Williams, 1993), and emissions from coal
storage and transport (Bennett et al, 1995).

An accompanying spreadsheet “Energy background _data_uk 2017.xIxs” lists all emission
factors used in the energy sector, including a full list of references?*. Table 1.6 gives additional
information for common activity data sources.

Method approach

Emissions are calculated from saleable coal production statistics for open cast and deep
mined coal, taken from DUKES (BEIS, 2016). For all sources, UK-specific emission factors
are applied, which in the early part of the time series are derived from periodic industry
publications, and for later years (1998 onwards) are primarily derived from company-specific
or mine-specific reporting of methane emissions by mine operators. Industry-wide colliery
methane utilisation data are taken from DUKES (BEIS, 2016).

From 1990-1995, a small number of privately-owned mines classified as “deep mines”
operating in the UK were shallower and smaller than Government-owned deep mines. These
mines were licensed by the UK Government and in all years produced less than 3% of total
UK deep-mined coal, whilst the majority of deep mines were Government-owned and
operated. The Watt Committee Report #28 (Williams, 1993) indicates that these smaller
licensed mines emitted less methane than the nationalised deeper mines, and therefore the
aggregate emission factor for the early part of the time series is slightly lower. Activity data for
production at licensed mines is taken from Barty (1995), with the activity data for non-licensed
mines calculated by difference from the UK deep-mine coal production total in UK energy
statistics.

Emission factors for methane from deep-mined coal production are taken from:

1990-1992 Bennett et al (1995) was a study on deep mines which produced estimates of
emissions for the period 1990-93. This was a period over which significant numbers of mines
were being closed, hence the range in emission factors from 10 to 13.1 kg CH4 per tonne coal
extracted.

1990-1995 The methane emission factor of 1.36 kg CHai/tonne coal produced at licensed,
shallow mines is from Williams (1993).

1993-1997 No time series of emissions data or industry research for deep-mined mines are
available for 1993-97, and therefore the 1998 factor from operator reporting at deep mines
(see below) is used. The combination of this 1998 factor for deep-mined coal and the lower
factor for licensed, shallow mines operating to 1995 leads to a variable aggregate factor during
1993-1995.

1998-2014 The emission factors for UK mines in 1998-2014 are based on operator
measurements of the methane extracted by the mine ventilation systems for all collieries
operated by UK Coal (UK Coal, 2015) and for collieries owned by other operators that report
methane utilisation and venting data (Coal Authority, 2015). Not all UK collieries provide data
on methane utilisation and venting. The emission factor derived from the sites that provide
data is applied across all UK production at deep mined sites. The proportion of UK production
that is covered by the reporting collieries ranges from 77% in 1998 to 96% in 2004 and 2007,
and was around 90% from 2008 to 2012. However, due to recent closures of larger mines the
proportion of UK production covered by mines that report their methane emissions to the
inventory agency has fallen to only 78% in 2014. In 2015, only data on the production of coal
is available, and as such mine-specific methane emissions from production and utilisation are
estimated on the basis of the ratio of mine-specific production reported between 2014 and
2015.
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Methane extracted at deep mines is either emitted into the atmosphere or utilised for energy
production; the gas is not flared for safety reasons. Data provided by colliery operators
provides mine-specific annual data on the mass of methane:

e vented to atmosphere, fan drift (A);
e drainage to surface (B); and
¢ utilisation of methane in electricity generation (C).

The total methane vented to atmosphere from these sites that report the methane vented
drained and utilised is therefore calculated as “A + B — C”.

For the non-reporting sites that are typically smaller sites with no methane utilisation, the EF
derived from the reporting sites (from the vented and drained methane) is applied. Annual data
(methane generation, methane utilisation, coal production) are obtained from mine operators.
In 2005 there were 7 mines that reported methane emissions, then 6 in 2006, 5 in 2007 to
2010, 4in 2011-12 and only three in 2013 and 2014. For these mines the aggregate emissions
of methane (before any utilisation in gas engines) has been used together with the annual
production data to derive an “unabated” methane IEF that is regarded as the most
representative factor to apply to the production data from the smaller non-reporting (of
emissions) UK deep coal mines.

Therefore, total methane emission estimates for deep-mined coal in the UK from 1998
onwards are calculated as follows:

UK Emissions = D + (E*F)
Where:

D = the sum of methane emissions reported (after any utilisation in gas engines) by the
(typically larger) UK deep coal mines that can provide annual methane emission estimates;

E = UK total deep mined coal production from DUKES — Annual coal production at all sites
included in D; and

F = IEF for unabated methane emissions, based on reported methane emissions data from
sites included in D (i.e. methane elution before any utilisation) / production at the sites included
in D.

The decline in methane emissions in recent years in the UK reflects both the decline in UK
deep-mined coal production and the increase in uptake of technology to utilise coal mine
methane to generate electricity.

The emission factor for methane from coal storage and transport factor of 1.16 kg CH4 per
tonne of coal produced is only applied to deep mined coal production and is taken from
industry research, Bennett et al (1995).

The emission factor for methane emissions from open cast coal production of 0.34 kg CH4
per tonne of coal production is taken from industry research, Williams (1993). The total
production of saleable coal is derived from the DUKES statistics. Where coal is upgraded to
saleable form, some coal is rejected in the form of coarse discards containing high mineral
matter and also in the form of unrecoverable fines. Typically, around 20% of the weight of the
raw coal feed is lost through these preparation processes, as per the 2006 IPCC guidelines.
Raw coal production is therefore estimated by increasing the amount of ‘saleable coal’ by the
fraction lost through washing. The total emissions from open-cast mining are based on
measurements of the total methane content of freshly sampled coal cores from open-cast sites
from the three main producing regions in the UK. These data are used to generate the total
emission factor for all open-cast coal production, regardless of the stage at which this emission
takes place.
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Assumptions & observations

e Open cast coal emission factor: As noted in the method section, the CS EF for CH4
emissions from open cast coal production are based on analysis of the total methane
content of freshly sampled coal cores and these EFs reflect the total methane
emissions for all open-cast coal produced, regardless of the stage at which this
emission takes place. i.e. it is assumed in the UK GHGI estimation method that all of
the measured methane content of the coal is released prior to combustion, and these
emissions are all allocated within 1B1a2i open-cast coal mining (Mining activities). This
is consistent with the 1996 IPCC GLs method where country-specific data are used, in
section 1.7.2.4, Equation 5 and the text on page 1.111: "In most cases, if the Tier 2
approach is used to estimate methane emissions from surface mines, post-mining
emissions from surface-mined coals are assumed to be zero." Furthermore, the UK
approach is consistent with the general equation for estimating fugitive emissions from
surface coal mining presented in section 4.1.4 of the 2006 GLs, as the UK EF
comprises all methane in the coal produced that could be released at any stage post-
mining. As a result, the UK estimate for open-cast coal mining activities is likely to be
an over-estimate, as some methane will be retained within the coal up to the point of
combustion, especially for lump coal used in domestic grates, where desorption of the
methane is much slower than for fine coal processed for use in other sources such as
power stations. The basis for this open-cast coal production factor also explains why
the EF on methane from coal storage and transport (see paragraph above) is only
applied to the activity of deep-mined coal in the UK, rather than to the total UK coal
production data; to apply it to open-cast production also would introduce a double-
count;

e Other coal: In the UK energy balance, there is an additional line for coal production
which is for “other” sources of coal into the UK economy, which are typically very small
numbers (95 kt in 2013 and zero in 2015) and represent coal obtained from slurries,
ponds and rivers. We therefore include the activity data for "other" sources of coal
within the UK energy balance, as part of the overall supply of coal as reported in the
CRF table 1. Ab, but we do not derive any estimates of fugitive emissions from this
production source, as it is not coal that has been abstracted from open cast or deep
mines.

Recalculations

In previous submissions, coal lost during washing and preparation processes at open-cast
mines was not considered. However, the data reported by DUKES specifies that the
production data are for ‘saleable coal’, whilst the IPCC 2006 guidelines indicate that typically
a 20% loss is incurred from raw coal production in the form of coarse discards containing high
mineral matter and in the form of unrecoverable fines. To account for this loss, the
methodology was adapted to include this factor. As a result, there have been recalculations to
the entire open-cast mining production time-series.

Improvements (completed and planned)

No improvements to this method are currently planned. Emission factors and activity data are
kept under review. As the UK deep mined coal market continues to undergo restructuring and
closures due to economic constraints, we anticipate that the number of mines that will remain
operating and reporting may continue to reduce and therefore the data availability and method
options may be further impacted.

QA/QC

Activity data for coal production in deep-mined and open-cast mines in the UK are quality-
checked through comparison of data reported within DUKES and data reported directly by the
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UK Coal Authority, which provides regional and UK totals of coal production. The information
provided directly by colliery operators regarding their methane recovery systems are also
checked against the data published by BEIS on coal mine methane projects in the UK (which
encompasses both operating and closed / abandoned mines with coal mine methane recovery
systems).

Time series consistency

The factors for coal mining are all based on UK industry research. Emission factors from coal
storage and transport, licensed mines and from open cast mines do not vary through the time
series; in each case the same factor is applied to the UK activity in every year. For deep-mined
coal emissions there is a variable emission factor across the time series, derived from operator
reporting and reflecting the changing methane management practices within UK collieries,
especially to increase methane capture and oxidation for power-raising in recent years,
leading to a gradually declining methane emission factor per unit coal produced since the early
2000s. The variability in the factor also reflects the changes in production from different mines
that have different methane management practices, as for some UK collieries the capture and
use of methane has not proved cost-effective and therefore the technology is not uniformly
implemented. The variability of the time series of emission factors represents changes in UK
coal mining, and not time series consistency issues.

Uncertainties

The uncertainty in the coal production statistics is low, since these are based on national
statistics. The emission factors applied are country specific, and in some cases based on mine
specific data, and therefore the uncertainty is lower than using default literature values.
Additional uncertainty is introduced through the application of emission factors based on a
sub-set of mines to represent full UK coal production, but we note that the total UK deep mined
production where a methane elution factor is applied based on data from other sites is typically
smaller sites that together produce (for many years in the time series) only around 10% of UK
coal. However, we also note that the proportion of UK production at non-reporting deep mines
has grown due to recent closures to 28%, 22% and 15% in 2013, 2014, and 2015 respectively,
and therefore the overall uncertainty of deep-mined coal methane emissions is higher for these
years.

MS 18 Closed coal mines

Relevant Categories, source names
1B1aliii: Closed Coal Mines

Relevant Gases
CH4

Relevant fuels, activities

Modelled emissions

Background

Methane emissions from closed coal mines are accounted for within category 1Blaliii
(reallocated from 1B1c) of the UK inventory. Emission estimates are based on a study funded
by DECC (WSP, 2011) which updated research from 2005 (White Young Green, 2005) to:

o reflect the UK trend in mine closures and re-openings driven by fluctuations in energy
prices since the 2005 research; and
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e improve the representation of methane recovery and utilisation at closed collieries
(Colliery methane combustion emissions are reported in the energy sector, 1A).

Methane emissions from closed mines reach the surface through many possible flow paths:
vents, old mine entries, diffuse emission through fractured and permeable strata. Direct
measurement of the total quantity of gas released from abandoned mines is not practical.

Data for 32 mines closed between 1990 and 2015, and 121 mines closed before 1990 are
included in the model. The model also includes projections, which can be changed to account
for mine closures occurring earlier or later than predicted. Methane utilisation has increased
significantly across the time series, up to a maximum of 94% in 2004.

Key Data sources
WSP, 2011 and White Young Green, 2005

An accompanying spreadsheet “Energy background _data_uk 2017.xIxs” lists all emission
factors used in the energy sector, including a full list of references?*. Table 1.6 gives additional
information for common activity data sources.

Method approach

The UK model was developed in 2005 (White Young Green, 2005) and revised in 2011 (WSP,
2011). The 2011 study used the same method, updating data for mine closures during 2005-
2010.

The model generates both historic and projected methane emission estimates from closed UK
coal mines, combining two separate sets of calculations to estimate emissions from:

e coal mines that were closed before 2005 and included in the 2005 update; and
¢ mines that were not included in the 2005 update, including mines closing or predicted
to close between 2004 and 2028.

The model uses a relationship between emissions and the quantity of the underlying methane
gas within the abandoned mine workings, including site-specific considerations of the most
appropriate decay model for the recently closed mines.

The model calculates methane reserves for all UK coalfields that are not totally flooded from
1990 with projections to 2050. The gas reserves are calculated by totalling all the gas
guantities in individual coal seams likely to have been disturbed by mining activity. To enable
calculation of the reserves over time, the rise in water levels in the abandoned mines due to
water inflow has been calculated based on industry consultation, with a date estimated for
each of the mines to be fully flooded; as mine workings become flooded they cease to release
significant amounts of methane to the surface.

The development of the model has drawn on industry monitoring to measure methane
emission from vents and more diffuse sources, including measurement of the flow rate and
methane concentrations of vented mine gases. The industry knowledge of these methane
sources has increased greatly in the UK over the last 10 years as the technology to capture
and utilise the methane for power generation has developed alongside new economic
incentives to utilise the mine methane in this way. Monitoring of more diffuse sources involves
the collection of long-term gas samples to measure any increases in background atmospheric
methane level in the locality.

Methane flows measured by both methods showed a general increase with the size of the
underlying gas reserve. The data indicate an emission of 0.74% of the reserve per year as a
suitable factor to apply to the methane reserve data in order to derive methane emission
estimates for abandoned UK coalfields for 1990 to 2050, and this factor is applied within the
model to derive the UK emission estimates.
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Estimates have been made for both deep mined and open cast coal.

WSP (2011) derived estimates for historic methane emissions from closed coal mines and
also generated projections to 2050, based on forecasts for UK coal mining activity. The 2015
emission estimates in this 2017 UK GHGI submission are therefore taken from the projections
of emissions within the 2011 WSP report.

Assumptions & observations

Recalculations

There were no recalculations or method changes to the closed coal mines source category in
this submission. The WSP model uses mine-specific projected dates of closure for all mines
that were still operating in 2011. However, early closure of these mines compared to these
projections therefore requires the model to be updated to reflect this. Three mines closed
between 2014 and 2015, and the model has been modified to integrate this accordingly.

All deep-mines in the UK have now closed, and therefore this source category will decline in
significance in future years
Improvements (completed and planned)

No improvements to this method are currently planned. The model is periodically reviewed
and updated.

QA/QC

This source category is covered by the general QA/QC of the greenhouse gas inventory in
Section 1.2.2.5. WSP (2011) was subject to review by a steering committee, and final sign off
by DECC. The research also includes benchmarking of UK specific estimates with other
inventories to ensure that the method used remains appropriate for the UK.

Time series consistency

No time series consistency issues have been identified.

Uncertainties

The uncertainty in the emissions from this source was assessed as part of WSP (2011). The
uncertainty assessment indicated a range of £17% to +41% over the period 1990-2050. This
level of uncertainty is in line with IPCC guidance on Tier 2 and Tier 3 methodologies. This
considered the uncertainty in the future mine closure dates, gas reserve estimates, the annual
methane emissions rate as % of gas reserve, the open cast mine methane emissions factor
and the methane utilisation factor.

MS 191B2 excluding: Oil refining, storage and distribution (1B2aiv
to v) and natural gas distribution (1B2biii to v)

Relevant Categories, source names
1B2al: Upstream Oil Production - Offshore Well Testing
1B2a2: Petroleum processes

Upstream Oil Production - process emissions
1B2a3: Upstream Oil Production - offshore oil loading

Upstream Oil Production - onshore oil loading

UK NIR 2017 (Issue 2) Ricardo Energy & Environment Page 190



Energy (CRF Sector 1) 3

1B2a4: Upstream Oil Production - oil terminal storage
1B2b1l: Upstream Gas Production - offshore well testing
1B2b3: Upstream Gas Production - process emissions
1B2b4: Upstream Gas Production - gas terminal storage
1B2c1li: Upstream Oil Production - venting
1B2clii:Upstream Gas Production - venting

1B2c2i: Upstream Oil Production - flaring
1B2c2ii:Upstream Gas Production - flaring

Relevant Gases
COgy, CH4, N2O

Relevant fuels, activities

All fugitive releases from oil and gas production, excluding leakage from gas transmission and
distribution. Distribution of oil products is not described since there are no direct GHG
emissions.

Background

This source category covers emissions which occur during the production, transportation, or
use of liquid and gaseous fuels. It excludes combustion of those fuels used by the industry
during the production, transportation, or use of liquid and gaseous fuels. Fuel combustion
emissions associated with upstream oil and gas exploration and production are reported within
1Alcii Oil and Gas Extraction, the method for which is presented in MS 2. Emissions from
leakage during gas transmission and distribution, and the point of use are included in MS 20.

UK upstream oil and gas exploration and production is almost entirely offshore, with a very
small number of onshore oil wells. No onshore gas production occurs in the UK. Shale gas
reserves have been identified and some preliminary research into prospective shale gas
extraction is on-going, but there is no active exploration or production currently in the UK.

Offshore oil and gas is transported to processing plants via pipelines and marine tankers;
emissions of CH; and VOC occur during loading of oil into the ship's tanks (including from the
onshore terminal when oil is transferred to tankers for export or transfer to UK refineries), and
then subsequently at the unloading stage to onshore storage vessels. Emissions of CH, and
VOC also occur from storage tanks at oil terminals.

Key Data sources

Activity data: EEMS (BEIS, 2016), DUKES (BEIS, 2016), IPPC/EPR-reported data (EA
and SEPA, 2016) EU ETS data (BEIS, 2016), UKOOA (2005), UKPIA
(2016)

Emission factors: EEMS (BEIS, 2016), EU ETS (BEIS, 2016), UKOOA (2005)

An accompanying spreadsheet “Energy_background_data_uk_2017.xIxs” lists all emission
factors used in the energy sector, including a full list of references?*. Table 1.6 gives additional
information for common activity data sources.

Method approach

An overview of the data sources and methods used to derive estimates for the categories
included in this MS is below.
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The key methodology for 1B2 source categories is based around a number of data
sources/studies.

Oil and gas operators submit annual source-specific emission estimates to the
Environmental and Emissions Reporting System (EEMS), regulated by the BEIS
Offshore Inspectorate and developed in conjunction with the trade association Oil &
Gas UK. For further details see Annex 3. UK GHGI estimates are based on EEMS
(activity data and emission factors derived from operator-reported emissions) from
1998 to the latest inventory year for all offshore installations. Industry studies from the
trade association (UKOOA, 2005) are used to inform estimates prior to the EEMS
system, 1990-1997;

Annual reporting of emissions by pollutant aggregated across all emission sources
under the IPPC/EPR reporting system to the UK environmental regulatory agencies
(i.,e. EA, NRW, SEPA) are available for onshore sites only (i.e. including oil and gas
terminals, but excluding all offshore oil and gas installations). These data are available
from 1998 in England and Wales and for 2002 and 2004 onwards in Scotland and
include emission estimates for a suite of GHG and air quality pollutants including COx,
CH4 and N2O;

For 1995 to 2009, all terminals also reported source-specific emission estimates to the
EEMS system, but from 2010 this was determined to be on a voluntary basis only,
and therefore from 2010 onwards the EEMS dataset is incomplete for terminals. For
combustion and flaring sources, the EEMS dataset includes mass-based activity data,
and emission estimates for a suite of GHG and air quality pollutants including CO.,
CH4 and N2O;

From 2005 onwards, combustion CO, emissions from upstream oil and gas facilities
have been reported under EU ETS, and from 2008 onwards combustion and flaring
CO; emissions from upstream oil and gas facilities has been reported under EU ETS.
The scope is not as comprehensive as EEMS or IPPC, but the data are useful to check
carbon emission factors and to inform a de-minimis emission value for each site. For
oil and gas terminals the EU ETS data provides useful additional detail, where
facilities may not report to EEMS but do report facility-wide (i.e. aggregated across all
sources) emission estimates under IPPC/EPR. The EU ETS data provides emission
estimates that can be broken down by fuel and between combustion and flaring
sources, to augment the IPPC emissions data, enabling more accurate source-specific
emission reporting;

The EEMS data are only comprehensive post 1998, as such further data sets are used
to compile the time series: To do this the Petroleum Processing Reporting System
(PPRS) is used to provide data on gas flaring volumes at offshore and onshore
installations, as well as oil and gas production data to extrapolate the activity data
back to 1990. PPRS is the mechanism by which upstream oil and gas operators are
required to report energy and other activity data to the BEIS Energy Statistics team as
part of the wider system of regulation of the oil & gas extraction and production sector,
and to inform upstream energy market trends;

The UK GHG inventory estimates for categories during 1990-1997 inclusive are based
on industry estimates provided within periodic reports in the 1990s, with a
comprehensive review and update by the trade association provided in 2005 (UKOOA,
2005). This 2005 update was based on a UKOOA report from 1998, updated to use
latest emission factors and activity data from across the sector. The 1998 UKOOA
report presents data from detailed industry studies in 1991 and 1995 to derive emission
estimates for 1990 from available operator estimates. Emission estimates for 1991-
1994 were then calculated using production-weighted interpolations. Only limited data
were available from operators in 1990-1994, and emission totals were only presented
in broadly aggregated sectors of: drilling (offshore), production (offshore), loading
(offshore) and total emissions onshore. Emission estimates for the more detailed oil &
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gas processing sources (well testing, fuel combustion, flaring, venting, process and
fugitive, oil loading / unloading and oil storage) were then based on applying the
fraction of total emissions derived from the 1997 data from EEMS; and

e The inventory agency continues to investigate ways in which methane emissions from
oil and gas well blow outs can be estimated, however no data are currently available
with which to make a time series. The inventory agency will continue to explore the
possibility of data with other countries, by reviewing published research or through
engagement with experts.

A summary of how the data sources above are applied to the detailed categories and
subcategories under 1B2 are presented in Table 3.17 below.

Table 3.17

Summary of Data Sources and Estimation methods for 1B2 source
categories in the UK GHG Inventory

Categories and subcategories

Methodology

1B2aii, 1B2bii Oil, Gas
Production: Upstream
facility process and
fugitive releases

1990-1997 (UKOOA 2005): 1998-Latest year
(EEMS): For onshore terminals and wells,
missing sites from EEMS are estimated
based on IPPC/EPR-reported data (EA and
SEPA, 2016).

1B2aiii Transport:
Offshore loading of all,
1B2avi Other: Onshore
loading of oil

1990-1997 (UKOOA 2005): 1998-Latest year
(EEMS): Assumes CH4 IEF from 1998
applies to all years 1990-1997. For onshore
terminals and wells, missing sites from
EEMS are estimated based on IPPC/EPR-

Storage: Petroleum
processes, Oil Terminal
storage

g?;?r?;}s reported data (EA and SEPA, 2016).
Offshore ’0” 1B2ci,ii Ven_ting at 1990-1997 (UKOOA 2005)_: 1998-Latest year
and gas upstream oil, gas facilities (E_EI\_/IS): I_:or onshore terminals a_nd wells,
platforms & missing sites from EEMS are estimated
Offshore g?zspe: ozrz)llFél;’C/EPR-reported data (EA and
g?g";'ggﬁ on ang | 1B2Ciil Flaringat | 1990-1996 (UKOOA 2005): 1997-Latest year
storage upstream oil, gas facilities _(EEMS): Assuming the same 0|I:_gas split as
vessels. well in EEMS 1997, and aggregate oil and gas
testing r’igs flaring volumes 1990—Lat_est year (BEIS,
2016). For onshore terminals and wells,
where terminals do not report to EEMS
(since 2010) EU ETS data on flaring are
used if available. Where no EEMS or EU
ETS data are available, an estimate of the
total reported emissions in IPPC are
allocated to flaring.
1B2ai, 1B2bi Oil, Gas 1990-1996 (UKOOA 2005): 1997-Latest year
Exploration: well testing (EEMS): AD estimated assuming CO: IEF
from 1998 is valid for earlier years.
Refineries 1B2aiv Refining / All years - Fugitive emissions from oil

storage and refinery processes are derived
from aggregate industry estimates provided
by the refinery trade association (UKPIA,
2016).
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Assumptions & observations

The EEMS data set allows for emissions to be accurately allocated between oil and gas
production between 1998 and the latest year. Prior to 1998, in order to present a plausible
trend in overall emissions for the oil and gas sectors back to 1990, a relatively simplistic
approach has been adopted to divide the industry estimates between oil and gas back to 1990.

For flaring, gas consumption and well testing emissions, the oil:gas ratio of activity data in
1998 has been used to extrapolate back the activities to 1990, retaining the previous emission
factors for the “oil and gas” sources. For process and fugitive sources, oil storage and venting
emissions, where the EEMS data are simply presented as emissions data without any
underlying activity and emission factor information, the estimates for the early part of the time
series are simply based on the oil:gas ratio (for each pollutant) from 1998.

Recalculations

There have been no method changes. There have been some minor revisions to UK estimates
for sources from the upstream oil and gas sector and downstream petroleum processes,
where QC and stakeholder consultation with regulators and operators has enabled the
Inventory Agency to address any identified reporting gaps or inconsistencies. Other revisions
include the re-allocation of two sites from oil-producing to gas-producing, and one from gas-
producing to oil-producing. Overall, the emissions from these re-allocated sites remains
unchanged however. In addition, the identification of one site as a downstream site, and
associated re-allocation of emissions contributes to recalculations. Quantitative data
presented in Section 10.

Improvements (completed and planned)

No improvements to this method are currently planned. Emission factors and activity data are
kept under review.

QA/QC

The EEMS dataset quality system is managed by the regulatory agency (BEIS) and developed
in conjunction with the trade association (UK Oil & Gas). EEMS uses an online reporting
system with controls over data entry, together with guidance notes provided to operators to
provide estimation methodology options and emission factors for specific processes.

The Inventory Agency combines UK energy statistics, the EEMS data, EU ETS and IPPC data
to derive the oil and gas sector estimates. The data reported from the EEMS system must be
reconciled with the UK Energy Statistics and integrated into the NAEI without double-counting
emissions. Where the EU ETS or IPPC data are inconsistent with the EEMS data, the
Inventory Agency works with the BEIS Offshore Inspectorate and facility operators to
determine the best available data for each source. The Inventory Agency also conducts time-
series consistency checks to identify missing sites or sources, and for those sources where
the EEMS data includes emissions and activity data the Inventory Agency reviews the time
series of implied emission factors to identify outliers. Any sites or sources where the quality
checks identify gaps, outliers or inconsistent reporting between different regulatory systems
are resolved in consultation with the BEIS Offshore Inspectorate.

Time series consistency

The emission estimates for the offshore industry are based on the EEMS dataset for 1998-
2015, whilst emission estimates for 1990-1997 are based on trade association data (UKOOA,
2005) to update earlier industry studies (UKOOA, 1998) that had used production data as a
basis for generating sector-wide estimates from 1990. The EEMS dataset (BEIS, 2016)
provides a consistent time-series of emission estimates for many facilities and sources, but
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since 2010 the reporting by onshore terminals is voluntary and the completeness of the
dataset is variable for recent years. Furthermore, whilst the EEMS data quality appears to be
improving over recent years, the completeness of EEMS data for specific facilities and sources
is still subject to uncertainty; reporting gaps appear to be systematic for some facilities, such
as frequent non-reporting of oil loading / unloading emissions at some terminals. The Inventory
Agency continues to work with the regulatory agency, BEIS, in the continued development of
emission estimates from this sector.

The time-series of the IEF of CO; emissions in sector 1.B.2.a.2 (Oil Production) show a
significant drop between 2011-2012 and a sharp rise between 2013 and 2015. Whilst oil
production activity data is comparatively steady between 2011 and 2015, CO, emissions from
this source are highly variable. This is because CO2 emissions for this source are dominated
by one installation which processes sour gas in the UK. This site was offline for most of 2012,
2013, and part of 2014, explaining the large variation in IEF over this period of the time-series.
Uncertainties

Uncertainties are presented in Annex 2. Emissions data taken from the EEMS reporting
system 1998 onwards are considered to be high quality, emissions data for other years are
subject to greater uncertainties.

MS 20 Gas leakage

Relevant Categories, source names

1B2b4: Natural Gas (transmission leakage)

1B2b5: Natural gas (distribution leakage)
Natural Gas (leakage at point of use)

Relevant Gases
CO,, CH4

Relevant fuels, activities

Leakage from gas transmission and distribution, leakage at the point of use

Background

The UK GHG inventory includes estimates of methane and carbon dioxide emissions from
natural gas leakage from the downstream gas supply network, including releases from: high
pressure transmission network; distribution network; gas leaks at point of use. Annual activity
data and gas compositional analysis are provided by National Grid, four companies (formed
in 2005) that operate the low-pressure gas distribution networks within Great Britain, and
Airtricity in Northern Ireland.

Key Data sources

Activity data: Natural gas leakage data in energy and mass units, from the UK
downstream natural gas network operators: National Grid, Scotia Gas,
Northern Gas Networks, Wales & West, and Airtricity (NI).

AD for gas use in domestic and commercial sectors from DUKES (BEIS,
2016) are used to generate leakage at point of use estimates.

Emission factors:  Natural gas compositional data (mass % data for: nitrogen, carbon
dioxide, methane, ethane, propane, i-butane, n-butane, neo-pentane, i-
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pentane, n-pentane, hexanes+) supplied by the gas network operators as
listed above. UK estimates of natural gas consumption within each Local
Distribution Zone (LDZ) are used to generate a weighted-average UK
compositional analysis of natural gas consumed annually. From 2007
these data are available from Long Term Development Plans published
by each of the gas network operators; earlier data by LDZ are based on
Local Authority-level consumption estimates aggregated into LDZs
(CLARE database, 2012).

EFs for the gas leakage at point of use are derived from UK data on gas
fitting performance and assumptions regarding unit operational cycles,
ignition times.

An accompanying spreadsheet “Energy background _data_uk 2017.xIxs” lists all emission
factors used in the energy sector, including a full list of references?.

Method approach
The leakage estimates are calculated using separate methodologies to cover:

1. Natural gas leaks from the high-pressure transmission mains (National Grid Gas);
(reported under 1B2b4 Transmission)

2. Natural gas leaks from the low pressure distribution network, medium pressure gas
mains, Above Ground Installations (AGIls), AGI working losses and interference
(National Grid Gas, Scotia Gas, Northern Gas Networks, Wales & West, Airtricity);
(Reported under 1B2b5 Distribution)

3. Other losses of natural gas at the point of use (BEIS DUKES, UK research); (Reported
under 1B2b5 Distribution)

For methods 1 and 2 above, from 2004 onwards the gas network operators provide annual
gas leakage estimates on a mass basis, providing a breakdown of emissions across all 14
regional gas networks in the UK, which are called Local Distribution Zones (LDZs). National
Grid Gas operates the high-pressure natural gas transmission network and 5 of the LDZs;
Northern Gas Networks operates 2 LDZs; Scotia Gas operates 3 LDZs; Wales and West
Utilities operates 3 LDZs; Airtricity operates 1 LDZ. In addition, each of the gas network
operators provides annual natural gas compositional analysis for their networks. Prior to 2004,
the data on gas leakage (activity data and compositional analysis) was all provided by British
Gas, which operated all of the UK networks before the industry was privatised.

The information on methane losses from the high pressure transmission system (1B2b4) are
estimated by National Grid based on (i) periodic fugitive emission surveys for the NTS,
compressor stations and LNG terminals, and (ii) NG records of intentional venting actions on
the network. These data have not been available for every year across the time series, with
only two data points in the 1990s, annual data from 2000-2004, then data for 2011 and 2012.
Data for other years are estimated using interpolation (2005-2010) and extrapolation (early
time series and for 2013 and 2015).

The UK GHG inventory estimates for 1B2b5 (distribution leakage) are based on the aggregate
of mass of gas leaked across all networks (low pressure mains and other losses), with the
methane content of the natural gas based on compositional analysis from all of the gas
network operators.

The activity data reported in the CRF for these sources are the final UK annual gas demand
data. These data are not used within the GHG inventory estimation method, but are presented
to enable IEFs to be derived, to aid comparability of the UK estimates with those of other
countries.
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UK Gas Network Leakage Model

The UK gas network operators use a common industry leakage model to derive their annual
estimates of gas leakage from the low and medium pressure distribution systems. The UK gas
network leakage model was developed by British Gas and uses factors and assumptions on
leakage rates for different types of gas mains and installations, based on measurements and
surveys conducted in 1992 and 2002, with annual updates to maintain the representation of
the UK gas network infrastructure (such as length and type of pipelines and other units) and
reflect the rolling programme of network replacement. Historical data for the leakage from the
low-pressure distribution network and other losses is based on studies from British Gas in the
early 1990s (British Gas, 1993; Williams, 1993).

Natural Gas Compositional Data

Data on the methane and NMVOC content of natural gas have been provided by contacts
within British Gas Research for 1990-1996 and by UK Transco from 1997 to 2005 (Personal
Communication: Dave Lander, 2008), and from the gas network operators from 2006 onwards.
NMVOC content for 2001-2003 has been estimated by interpolation due to a lack of data; CO;
compositional data from 2004 onwards are derived from annual compositional analysis by gas
network operators, whilst the 1990-2003 data have been extrapolated back from the 2004
figure. No gas composition data have been provided by Airtricity and hence the UK average
gas composition is assumed for Northern Ireland.

Each of the gas network operators obtain their compositional analysis from a central system
of data logging from the automated sampling and analysis network that was operated
previously under the Transco ownership, prior to the network being opened up to greater
market competition. The Inventory Agency has direct contacts within the organisation (GL-
Advantica) that manages the compositional data from across the UK gas network, and works
directly with their gas analysis team to ensure that gas compositional data provided to the
Inventory Agency by network operators is representative of the gas quality year-round, rather
than a snap-shot from a limited number of analyses.

The calculation of the reported UK average gas composition is derived from the sum-product
of the annual Local Distribution Zone (LDZ) compositional data and the estimated gas
consumption through each of the LDZs, to provide an average gas composition for Great
Britain which is then applied across the UK. The estimates of gas consumption within each
LDZ are based, from 2007 onwards, on LDZ throughput data presented within Long Term
Development Statements by each of the gas network operators; prior to 2007 these data are
unavailable, and the best available data to inform the UK weighted average composition are
sub-national gas use statistics at local authority level (then aggregated to LDZs) which are
published by BEIS annually and processed for UK Local Authority CO; emission estimates via
the CLARE database.

Northern Ireland Gas Network

The gas infrastructure in Northern Ireland is much newer than in the rest of the UK, as the gas
pipeline (from Scotland) was only commissioned in 1999. Since then, the gas network has
continued to develop across Northern Ireland. Annual estimates of gas leakage from 2005
onwards have been provided by the main gas operator (Airtricity, 2016), and the data for 1999
to 2004 have been extrapolated back from the 2005 figure.

The third inventory estimation methodology is used to determine estimates of natural gas
leakage at the point of use, and these estimates are also reported in 1B2b5. Leakages are
estimated for a range of different appliances that use gas, combined with national statistics on
natural gas consumption in the domestic and commercial sectors (BEIS, 2016).
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Industrial Heating Boilers

Methane releases are assumed to be “Not Occurring” from these appliances, based on
consultation with technical experts that advise the UK Government for the CHP QA scheme
(Personal Communication: R Stewart, 2011). Larger boilers typically operate almost
permanently once ignited (particularly if used for steam-raising) with little or no cycling from
on to off states. Furthermore, releases of un-burnt natural gas are strictly controlled in
industrial locations for safety reasons.

Domestic Heating, Water Heating Boilers and cooking

Methane emissions from pre-ignition losses of gas appliances domestic properties are based
on activity data from Energy Consumption in the UK (DECC, 2014) which provides a time-
series of gas use for heating, water heating and cooking in the domestic sector to 2013, using
a series of assumptions regarding the size of units, number of units, age of units, gas flow
rates, air flow rates, delays to ignition, operation times from used to determine the percentage
of gas that is not burned. Since 2013, this data has not been available, and so extrapolations
have been used, normalised by domestic consumption reported in DUKES (BEIS, 2016). The
estimates of UK appliance stock, by capacity and design and estimated average gas
consumption per appliance per day are all derived from Ecodesign studies (energy efficiency
analysis) through the UK Government Market Transformation Programme (Ecodesign Lot 22
and Lot 23, 2011). The estimates of appliance cycle operation times and estimated delays to
ignition for different appliances are based on expert judgement of UK combustion technology
experts (Personal communication, Stewart, 2012).

Commercial Gas Appliances: Catering and other uses

Methane emissions from pre-ignition losses of gas appliances used in commercial catering
and other uses are based on activity data from ECUK (DECC, 2014) which provides a time
series of gas use for catering and other uses in the commercial sector to 2013. For 2014 and
2015, consumption has been derived from reported figures in DUKES (BEIS, 2016). The
method then applies a series of assumptions regarding the operational cycles and delays to
ignition, to derive a simple percentage non-combusted estimate for each gas appliance type
using references and expert judgements as noted above for domestic appliances.

An overview of the time series of gas leak at point of use estimates in the UK, together with
overall gas use by economic sector and appliance type is presented in Annex 3.

Assumptions & observations

Assumptions used to estimate the leakage at point of use for domestic heating and water
heating boilers are as follows:

average boiler size in the UK of 30kW;
e a burn chamber size, natural gas flow rate taken from a typical combination boiler;
e estimated delay to ignition: 0.25 seconds for automatic ignition, 2 seconds for manual
ignition;
e an air flow rate based on 25% excess oxygen in the combustion chamber when
compared to stoichiometric ratio;
e an equation for a mixed reactor (1-e*) that when integrated will provide an estimate of
the concentration of un-burnt air/fuel mixture released; and
e assumptions relating to the boiler yearly operation and cycling frequency, between
heating and water heating applications
o On average in the UK domestic properties have heating systems operating for
half of the year and on average the heating is on for 5 hours per day. It is also
assumed that during each hour that the boiler providing heating cycles on and
off 4 times.
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o All UK domestic properties that have hot water heating systems also have gas
heated hot water.

o Average water heating is on for 4 hours per day every day of the year.

o During each hour that a boiler is heating water, the boiler cycles on and off 5
times.

The number of boilers from 1990 to 2014 is thought to have increased (ca. 22 million in 2008)
due to the increasing use of gas central heating for space heating, and the increase in the
number of houses. However, it is assumed that pre-ignition gas loss in boilers installed in
houses in 1990 were greater than in the current boilers installed, as technology has improved.
Therefore, it is assumed that the proportion of gas leaked (i.e. % of the total gas use) from
domestic heating and water heating appliances per annum is steady across the time series,
with the rationale that the sum of greater pre-ignition losses from fewer older-technology
boilers in the early part of the time series will be roughly equivalent to the sum of lower pre
ignition losses per unit from the greater number of newer-technology boilers in recent years.

Assumptions used to estimate the leakage at point of use for domestic cooking appliances
(manual and automatic ignition) and gas fires are as follows:

e gas fires use an estimated 2.5% of total gas used for space heating in the domestic
sector, with the remainder used in (automatic ignition) boilers;

e gas use in cooking hobs is estimated to be 73.6% of the total domestic gas use in
cooking, with the remainder in gas ovens. This is based on data of average annual gas
oven fuel use in kWh/yr and average domestic gas hob fuel use in kWh/yr, combined
with data on UK stock of gas ovens and hobs, taken from a series of 2011 European
Commission Eco-design studies (Bio IS / ERA Technology, 2011);

o for manual ignition devices, a conservative estimate of the delay prior to ignition of 2
seconds has been assumed (expert judgement), whilst the average operational cycle
times for different types of appliance have been estimated at 900 seconds for a
domestic hob (expert judgement) and 5400 seconds for a gas fire (EC Eco-design Lot
20 Task 5, gas stove base case, 2011); and

o for automatic ignition appliances, a conservative estimate of the delay prior to ignition
of 0.25 seconds has been assumed (expert judgement), whilst the average operational
cycle times of domestic ovens has been estimated at 900 seconds (expert judgement).

Assumptions used to estimate the leakage at point of use for commercial gas appliances
(catering and other uses) are as follows:

e for commercial catering gas use, a conservative estimate of the delay prior to ignition
of 0.5 seconds has been assumed (expert judgement, to reflect a mixture of hobs and
oven use), whilst the average operational cycle has been estimated at 900 seconds
(expert judgement); and

e for other commercial gas appliances, assumed to be predominantly gas-fired boilers
of automatic ignition design, a conservative estimate of the delay prior to ignition of
0.25 seconds has been assumed (expert judgement), whilst the average operational
cycle time has been estimated at 1800 seconds (expert judgement).

Recalculations
There have been method changes. The following recalculations have been made.

1B2b4 Natural Gas (transmission leakage)

New information was provided by National Grid estimates leakage emissions from the National
Transmission System and LNG Storage sites as notably lower, especially as LNG storage has
now been decommissioned. This has caused recalculations to the time-series since 2012.
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Minor updates to LTDS data has made a small difference to overall activity data and emission
factors.

1B2b5 Natural gas (distribution leakage)

Minor updates to LTDS data has made a small difference to overall activity data and emission
factors.

1B2b5 Natural Gas (leakage at point of use)

Updates to activity data using DUKES long term trends (BEIS, 2016) have caused major
revisions to emission factors for all pollutants in 2014. In 2013, minor changes to DUKES
activity data cases a small difference in calculated emission factors (BEIS, 2016). Finally, a
minor change of emission factors for all pollutants from gas leakage at point of use from 1990
cause minor recalculations from this source.

Improvements (completed and planned)

No improvements to this method are currently planned. Emission factors and activity data are
kept under review.

QA/QC

The sector estimates are subject to the same Tier 1 QA/QC routines as all other source
categories in the UK GHGI.

Checks on data reported by gas network operators are conducted to check consistency across
the time series and also between operators; for example, in compiling the 2015 submission
data, through quality checks between gas network operators it was noted that the gas
compositional data for 2013 from Wales and West Utilities was an outlier. The Inventory
Agency identified that estimated mass percentage calculations were incorrect, and the values
were subsequently revised and then used in the UK GHGI compilation.

As recommended during the September 2014 centralised review of the UK inventory, the UK
Inventory Agency has also conducted verification checks on the UK GHGI estimates, by
deriving separate emission estimates for methane using the Tier 1 default methods outlined
in both the 1996 GLs and the 2006 GLs. The method in the 1996 GLs uses max and min
default factors based on the pipeline length of the transmission and distribution network, whilst
the 2006 GLs Tier 1 method uses max and min default factors based on the total volume of
delivered natural gas. The results are summarised below for 1990 and 2013 data:

1990 UK GHGIl total (transmission plus distribution) = 378.8 kt CH4

Using IPCC 1996 GLs Tier 1 method, the range for emissions is derived as 155 to 215
kt CH.4

Using IPCC 2006 GLs Tier 1 method, the range for emissions is derived as 67 to 105 kt
CH.

Therefore, compared to both Tier 1 methods, the 1990 UK GHGI estimate is higher than the
range of values.

2013 UK GHGI total (transmission plus distribution) = 168.5 kt CH4

Using IPCC 1996 GLs Tier 1 method, the range for emissions is derived as 155 to 215
kt CH.4

Using IPCC 2006 GLs Tier 1 method, the range for emissions is derived as 95 to 148 kt
CH4
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Therefore, compared to the Tier 1 methods, the 2013 UK GHGI estimate is within the range
of values for the 1996 GLs method and higher than the range of values for the 2006 GLs
method.

The comparison against the IPCC Tier 1 methods indicates that the UK GHGI estimates are
of a similar order of magnitude as the Tier 1 defaults. The 1990 UK GHGI value appears to be
high, as it is above the range of values derived from the IPCC Tier 1 methods, whilst the 2013
UK GHGI value is also higher than the range for the 2006 GLs Tier 1 method. However, the
UK estimates are derived from a country-specific method and we note that the uncertainty
estimates provided in the 2006 GLs for the default EFs provided for gas network distribution
(which is by far the greatest contributor to overall methane leakage) are cited as -20 % to
+500% for factors for developed countries. Therefore, given the large uncertainty range, the
UK data are consistent with the IPCC Tier 1 estimates.

Time series consistency

As far as possible, consistent source data and methods are used across the time series.
However, we note the following limitations of the current methods:

e The available data on methane leakage from the high pressure gas transmission
system is limited. Data are not available for all years of the time series and therefore
gap-filling techniques (extrapolation and interpolation) are used;

e The calibration of the UK gas leakage model used by all natural gas network operators
in based on two in-depth studies of the leakage rates from different constituent
elements of the UK gas network — one in 1992, another in 2002. These studies have
been used to establish estimated leakage rates in the UK model that are then applied
to activity data gathered annually through surveys and from gas network renewal
projects; and

e The derivation of the UK average natural gas composition uses the best available data
for every year of the time series, as the factors are critical for the UK GHGI estimates
as a whole (not just for the leakage estimates, but also for natural gas combustion
estimates). Since 2007 the weighted average has been calculated using actual data
available on gas throughout for each LDZ; prior to 2007 these data are not available
and the LDZ gas throughput estimates used in the calculation of the UK average gas
composition use Local Authority level gas use estimates, aggregated up to LDZs.
These earlier data at Local Authority level were regarded as “experimental statistics”
by DECC until the 2005 dataset were published as national statistics, and as such are
regarded as more uncertain than the more recent data.

Uncertainties

Uncertainties are presented in Annex 2. Uncertainties in the emission estimates from leakage
from the gas transmission and distribution network stem predominantly from the assumptions
within the industry model that derives mass leakage estimates based on input data such as
network pipe replacement (plastic replacing old metal pipelines) and activities/incidents at
Above Ground Installations; for these sources the methane content of the gas released is
known to a high degree of accuracy, but the mass emitted is based on industry calculations.

As noted in the section above, the uncertainties for the estimates of gas leakage at point of
use are high due to the lack of source data, an IPCC method and the need to use a series of
assumptions and expert judgement to estimate the leakage from different gas appliance types.
The Inventory Agency considers that the assumptions provide a conservative estimate of gas
leakage at point of use across the time series.
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4 Industrial Processes (CRF Sector 2)

41 OVERVIEW OF SECTOR

IPCC Categories 2A: Mineral Products

Included 2B: Chemical Industry

2C: Metal Production

2D: Non-energy Products from Fuels and Solvent Use
2E: Electronics Industry

2F: Product Uses as Substitutes for ODS

2G: Other Product Manufacture and Use

2H: Other

Gases Reported CO2, CH4, N2O, HFCs, PFCs, SFs, NF3, NOy, CO, NMVOC,
SO,

Key Categories (‘T" or ‘L’ | 2A1: Cement production - CO- (L1)

indicates whether it has 2B: Chemical industry - HFCs (L2, T2)

been identified in the 2B: Chemical industry — CO> (L2)

trend or level assessment | 2B2: Nitric acid production - N2O (L1, L2, T1, T2)
respectively and the 2B3: Adipic acid production - N,O (L1, L2, T1, T2)

number indicates which 2B8: Petrochemical and carbon black production - CO> (L1)
KCA approach it was 2B9: Fluorochemical production - HFCs, PFCs, SFs and NF3
identified in) (L1, T1)

2C1: Iron and steel production - CO> (L1, T1)

2C6: Zinc production - CO; (T1)

2F: Product Uses as Substitutes for ODS - HFCs (L2, T2)

2F1: Refrigeration and air conditioning - HFCs, PFCs, SFs
and NFs (L1, T1)

2F4: Aerosols - HFCs, PFCs, SFs and NF; (T1)

2G: Other product manufacture and use — N2O (L2, T2)

Key Categories None identified
(Qualitative)

Overseas Territories and | For most sectors emissions are reported as not occurring.

Crown Dependencies Estimates for use of F-gases based on scaled UK estimates
Reporting are reported in the relevant categories under 2F and 2G.
Completeness No known omissions.

A general assessment of completeness for the inventory is
included in Section 1.8.
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Major improvements
since last submission

2E2, 2E3, 2E4 - Market investigation in 2015 to confirm zero
activity level

2F1 - Review of RAC Emissions Model carried out in 2015
and improvements made. Further review in 2016.

2F2a - The model used to estimate emissions from this sector
has been overhauled during 2015 to account for the impacts
of the global recession, recent f-gas regulations and
calibrated in light of stakeholder consultation. The resulting
model allows us to comment in much more detail on the
underlying assumptions.

2F6 - New to the 2015 submission

2G4 - Addition of further process to the estimates

The industrial processes and other product use sector (IPCC Sector 2) contributes 6.7% to
total greenhouse gas emissions. Emissions from this sector include non-energy related
emissions from mineral products, chemical industry and metal production and product use,
including emissions of F-gases. Since 1990, this category has seen a 50% decline in
emissions, mostly due to changes in the emissions from the chemical production and
halocarbon and SFe production industries. The step-change in emissions between 1998 and
1999 evident in Figure 4.2 is due predominantly to the fitting of nitrous oxide abatement
equipment at the UK’s only adipic acid production plant (this plant has since closed).

Table 4.1 Number of industrial processes in the UK by type
Year Cement mléirr?ﬁa; @ C';Blie\/;a sta;i:cc):r;méel\)/rvith Vc\slf:éc Flef,tv%r:kt;rick Ammonia
1990 23d 11d 10 0 354 8 4
1995 23 9 9 1 35d 5 4
2000 21 9 9 2 35 3 4
2005 16 9 6 5 33 3 4
2006 16 9 6 5 30 3 4
2007 15 9 6 5 28 3 4
2008 15 9 6 7 26 3 3
2009 13 9 4 8 24 3 3
2010 12 9 4 8 24 2 3
2011 12 9 4 8 24 1 3
2012 12 9 4 8 24 1 3
2013 11 9 4 8 24 1 3
2014 11f 9 4 8 23 1 3
2015 11 8 4 8 23 1 3
Year Nitric acid | Adipic acid \/Svtoerekls_ Eflﬁfr:ggjsrc a:TJrriwn?rﬁurym Otfzfrrorl:gn' Soda ash
1990 8 1 4 20 4 5 2
1995 6 1 4 20 4 4 2
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2000 6 1 4 19 4 3 2
2005 4 1 3 12 3 2 2
2006 4 1 3 11 3 2 2
2007 4 1 3 10 3 2 2
2008 4 1 3 8 3 2 2
2009 2 1 3 7 3 2 2
2010 2 0 2 7 2 2 2
2011 2 0 2 7 2 2 2
2012 2 0 3 6 1 2 2
2013 2 0 3 6 1 2 2
2014 2 0 3 6 1 2 2
2015 2 0 39 6 1 2 1

& merchant refers to site selling lime and emitting CO2, captive refers to sites using lime and CO: in-situ so in theory
no emissions result.

® Flue Gas Desulphurisation
¢ excludes very small glassworks producing lead crystal glass, frits etc.
d approximate figures only

€ large-scale primary production or secondary refining operations only
f one of these sites was out of operation during almost the whole of 2014 following a flood which damaged the kiln

9 Teesside steelworks closed in September 2015 so only 2 sites in operation by the end of the year

The figures in Table 4.1 show that the numbers of industrial processes in the UK have been
declining since 1990. While this is partly due to the closure of some smaller sites, perhaps
with growth in capacity at remaining sites, it is predominantly a reflection of decreasing
production of many industrial materials in the UK. A large number of closures in the period
2007-2009 were due to decreased demand for many products as a result of the general
economic situation in the UK and elsewhere, with falling demand for steel, cement, bricks and
aluminium, for example, leading to plant closures.
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Figure 4.1 Breakdown of total GHG emissions in Industrial Processes sector

E2A =19.8%
m2B =14.5%
m2C=13.4%
m2D =0.9%
E2E =0.1%
m2F = 47.4%
12G =3.9%

Figure 4.2 Trend in total GHG emissions in Industrial Processes sector
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4.2 SOURCE CATEGORY 2A1 - CEMENT PRODUCTION

4.2.1 Source Category Description

Emissions sources Sources included Method | Emission
Factors
2A1: Cement (Decarbonising) T3, T2 | CS
Gases Reported CO2
Key Categories 2A1: Cement production - CO> (L1)
Key Categories 2A1: Cement Production - CO;

(Qualitative)

Overseas Territories and | Not occurring
Crown Dependencies
Reporting
Completeness No known omissions.

A general assessment of completeness for the inventory is
included in Section 1.8.

Major improvements No major improvements
since last submission

Emissions of CO; from fuel combustion in cement kilns are reported under CRF source
category 1A2f, whilst emissions from calcination of non-fuel feedstock to cement kilns are
reported under category 2A1.

Fuel combustion also gives rise to emissions of NOx and N>O which are reported under 1A2f.
Finally, emissions of methane, NMVOC, SO, and CO also occur, both due to fuel combustion
but also due to the evaporation of organic or sulphurous components present in the raw
materials. The current GHGI methodology for estimating emissions of these pollutants does
not allow emissions from fuels and emissions from raw materials to be quantified separately
and so all emissions of these four pollutants are reported under 1A2f.

The UK had 11 sites producing cement clinker during 2015, an increase on the previous year
since one of the 11 sites only produced clinker for a few weeks at the end of 2014, following
a 12-month shutdown when flooding in December 2013 damaged the kiln.

4.2.2 Methodological Issues

Emission estimates for 2005-2015 are available from the annual UK production of clinker and
emission factors provided by the Mineral Products Association (MPA), formerly the British
Cement Association (BCA). This in turn is based on data generated by UK cement clinker
producers for the purposes of reporting to the EU Emission Trading Scheme. Data received
from the MPA have been cross-checked against the EU ETS data set supplied directly by
regulators for use in the inventory. Since 2011, the emissions reported in the EU ETS have
mostly been slightly higher. As a c