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Executive Summary

Executi ve Summary

This is the 10" Informative Inventory Report (IIR) from the UK National Atmospheric Emissions

I nventory (NAEI) Programme. The report is compiled
under the United Nations Economic Commission for Europe (UNECE) Convention on Long-Range
Transboundary Air Pollution (CLRTAP) and contains detailed information on annual emission

estimates of air quality pollutants by source in the UK from 1990 onwards. Estimates are however,

compiled for a large number of pollutants, many of which are not reported directly under CLRTAP.

Whilst providing focus on those covered under CLRTAP this report also discusses emission estimates

that have been compiled for these other pollutants.

The UK submission to CLRTAP! comprises annual emission estimates presented in Nomenclature for
Reporting (NFR) format, for:

1 Nitrogen oxides (NOx as NOz2), carbon monoxide (CO), ammonia (NHs), sulphur dioxide
(SOx as SO3), non-methane volatile organic compounds (NMVOCS), particulate matter
(PM) and heavy metals (1990 to 2013); and

1 Persistent organic pollutants (1990 to 2013).

Selected pollutants under the CLRTAP are also covered under EU Directive 2001/81/EC on National
Emissions Ceilings (NECD) which sets upper limits for each Member State for the total emissions in
2010. Under the NECD the UK submits the emissions for the previous five years and 2010 projections
for nitrogen oxides (NOx as NO2), sulphur dioxide (SOx as SO2), non-methane volatile organic
compounds (NMVOC) and ammonia (NHs). In this, the 2015 report, emissions for 2010 are based on
actual emissions rather than projections. An overview of emissions from 1990-2013 by source sectors
for each of these pollutants is provided in Figure ES.0-1.

1 See http://lwww.ceip.at/reporting-instructions/reporting-programme/ for reporting requirements set up by TFEIP/UNECE
Guidelines for estimating and reporting emissions data under LRTAP.
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Figure ES.0-1 Total UK Emissions by Source Sectors of Oxides of Nitrogen (NOy as NOy),
Non-Methane Volatile Organic Compounds (NMVOCs), Sulphur Dioxide (SOx as

S0O,) and Ammonia (NHz), 1990-2013.
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Total percentage reductions in emissions of these pollutants from 1990-2013 are summarised in Table
ES.0-1.

Table ES.0-1 Air Quality Pollutant Emission Reductions between 1990 and 2013

Pollutant % Change from 1990 to 2013
NOx (as NO2) -65%
SOx (as SO2) -89%
NHs -21%
NMVOC -70%
CO -78%
PMao -55%
PM2.s -56%

The emissions inventory makes estimates of all known emissions to air, at the highest level of
disaggregation possible. Estimated emissions are allocated to the corresponding NFR codes.
However, in accordance with international guidelines? on emissions inventory reporting, there are a
number of known sources that are excluded from the inventory emission estimates:

1 Natural sources are not included in the national totals (although estimates of some sources
are made)

1 Theinventory is a primary emissions inventory (as per international guidelines). Consequently,
re-suspension of e.g. particulate material is not included in the national totals (although
estimates for some re-suspension terms are made).

1 Cruise emissions from civil and international aviation journeys are not included in the national
totals.

1 Estimates of Al nternational o emissions such as fr
items (excluded from the UK national totals).

1 Greenhouse gas (GHG) emissions associated with short-term changes to the carbon cycle
are not included within national inventory totals; whilst this is not of particular concern here,
the principle is extended to other pollutants.

National totals reported for the UK in the CLRTAP and the United Nations Framework Convention on
Climate Change (UNFCCC) submissions differ, as the sources included in the national totals differ
under the CLRTAP?2 and the UNFCCC reporting guidelines. The historic 2013 data submitted under
the National Emissions Ceilings Directive (NECD) in December 2014 are provisional data only,
however these data have not changed since the submission and so the CLRTAP and NECD totals are
identical.

The purpose of this report is to:

1. Present an overview of institutional arrangements and the emission inventory compilation
process in the UK;

2. Present the emission estimates for each pollutant up to 2013;

3. Explain the methodologies for key pollutants and key sectors used to compile the inventories,
including a brief summary of the projections methodology;

4. Provide other supporting information pertinent to the CLRTAP data submission.

Information contained in this report is derived from the overall UK emissions inventory which includes
the UK Greenhouse Gas Inventory, used for reporting to the UNFCCC. The compilation of the
inventories for the pollutants reported to the CLRTAP and the UNFCCC are strongly linked; and share
many common data sources, data management, data analysis, QA/QC and reporting procedures. This
report summarises the data sources and emission estimation methodologies used to compile the
inventories for each pollutant covered by the CLRTAP submission. The latest emission factors used

2 http://www.ceip.at/ms/ceip_homel/ceip_home/reporting_instructions/reporting_programme/
% Includes the United Kingdom (England, Scotland, Wales, Northern Ireland) and Gibraltar only
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to compile emissions estimates and the estimates themselves will be made available at
http://naei.defra.gov.uk/data_warehouse.php in summer 2015. The complete 2015 UK CLRTAP
submission templates are available from the European Environment Information and Observation
Network (EIONET) under http://cdr.eionet.europa.eu/gb/un/cols3f2jg/envvnsalg/index html.

Any revisions to inventory compilation methodologies for key pollutants and key sectors between the
2014 and 2015 CLRTAP submissions are discussed in Chapter 2 whilst the changes in emission
estimates due to revisions in source data or estimation methodology are summarised for each sector
in respective NFR chapters. The NAEI is subject to methodology revisions on an annual basis with the
aim of improving overall completeness and accuracy of the inventory and some of the planned
improvements that were outlined within the previous Informative Inventory Report (1980 to 2012) have
been addressed in the 2013 inventory.

Planned improvements for future national inventory compilation cycles are discussed in section 8.9.

In addition, Table ES.0-2 compares overall emission estimates for each pollutant between 2014 and
2015 (current) submissions, summarising any differences in 2012 emissions between the two
submissions that are associated with methodological improvements or source data revisions.

One major improvement for the 2015 submission was the inclusion of estimates for PM from livestock
housing and arable farming, based on a Tier 2 methodology given in the 2013 EMEP/EEA Emission
Inventory Guidebook. Other changes to the inventory are mostly related to revisions to UK national
energy statistics and operator reported emissions.
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Table ES.0-2 UK Inventory Recalculations, Comparing the 2014 and 2015 CLRTAP Submissions

2014 — . Comment/Explanation (changes between the 2014
ol Submission AUl SHlamiEse) S 5 BN and 2015 CLRTAP Submissions)
(% change for
2012 2012 2013 2012 values)
NOx as NO2 1,073 1,020 kt 1% No significant revisions
1,062
CcO 1,942 1,971 kt -2% The estimates of overall UK emissions have not changed
1,978 significantly.
NMVOC 823.6 803.0 kt -1% There has been little change in the estimates for overall
831.9 emissions of NMVOC.
SO« as SO2 439.7 393.2 kt 3% The estimates of overall UK emissions have not changed
426.8 significantly.
NHs 274.9 271.3 kt -1% In the 2015 Submission there were no significant
277.3 revisions to the NHs inventory.
TSP 258.7 258.4 kt 28% Increase in emissions due to upward revisions in PM
202.7 emissions from agriculture (using emission factors from
the EMEP/EEA Emission Inventory Guidebook), and to
a lesser degree, addition of emissions from charcoal
manufacture.
PMio 1255 1235 kt 11% Increase in emissions due to upward revisions in PM
112.8 emissions from agriculture (using emission factors from
the EMEP/EEA Emission Inventory Guidebook), and to
a lesser degree, addition of emissions from charcoal
manufacture.
PMzs 80.89 80.34 kt 5% Increase in emissions due to upward revisions in PM
77.19 emissions from agriculture (using emission factors from
the EMEP/EEA Emission Inventory Guidebook), and to
a lesser degree, addition of emissions from charcoal
manufacture.
BC Not reported 18.46 16.87 kt
Pb 60.68 62.72 tonnes -1% Revisions to emissions reported for non-ferrous metal
61.48 processes
Cd 2.04 2.17 tonnes -2% Revisions to emissions reported for non-ferrous metal
2.09 processes
Hg 5.70 6.12 tonnes -1% Revisions to UK energy statistics and correction to
5.78 assumption for level of control of crematoria emissions.
As 16.76 17.97 tonnes 0% No significant change
16.81
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2014

Comment/Explanation (changes between the 2014

ol Submission AUl SulamiEee) . 0 ElNEInEe and 2015 CLRTAP Submissions)
Cr 28.55 30.05 tonnes 0% No significant change
28.44
Cu 56.70 56.60 tonnes 0% No significant change
56.92
Ni 83.79 128.9 tonnes -1% No significant change
84.49
Se 32.65 27.52 tonnes -3% Revised estimates for electric arc furnaces
33.81
Zn 377.4 406.6 tonnes 0% No significant change
377.3
PCB 725.9 705.5 kg 0% No significant change
726.9
PCDD/ PCDF 203.6 221.1 grams TEQ | -4% Changes to factors from the power stations database are
(dioxins/ furans) 212.4 due to a combination of factors: a) revisions to default
Emissions factors ; b) revisions to point source data in
the DAs Pollution Inventories (PI/SPRI/NIPI); c) revisions
to DUKES data for coal and gas use at power stations
benzo(a)pyrene 3.73 4.02 tonnes 6% Change driven by revisions to FAO Stat charcoal
3.51 statistics in the domestic combustion sector and changes
to the allocation of petroleum coke in DUKES
benzo(b) 3.57 4.02 tonnes 8% Change driven by revisions to FAO Stat charcoal
fluoranthene 3.31 statistics in the domestic combustion sector and changes
to the allocation of petroleum coke in DUKES
benzo(k) 1.55 1.69 tonnes 6% Change driven by revisions to FAO Stat charcoal
fluoranthene 1.47 statistics in the domestic combustion sector and changes
to the allocation of petroleum coke in DUKES
Indeno (1,2,3-cd) 1.22 1.14 tonnes 1% No significant change
pyrene 1.21
HCB 23.43 23.21 kg -7% Reduction in emissions due to revision to DUKES for
25.08 MSW burned in Power Station - the most significant
emission source for HCB.
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(I) Contacts and Acknowledgements

This work forms part of the evidence project of the Atmosphere and Industrial Emissions Programme
of the Department for Environment, Food and Rural Affairs under contract AQ0726.

Some NHs emission estimates and NH3 mapping information are provided by the Centre for Ecology
and Hydrology (CEH) Edinburgh (Contract CPEG 1).

NHs emissions from agriculture are provided for Defra under contract SCF0102 by a consortium led
by Rothamsted Research in Okehampton, Devon.

Technical enquiries should be directed to: UK policy enquiries should be directed to:

Ms Anne Misra Ms Lucy Barnard

Ricardo-AEA Air Quality Evidence

The Gemini Building Atmosphere and Industrial Emissions

Fermi Avenue Department for Environment, Food and Rural Affairs (Defra)
Didcot Area 2C Nobel House, 17 Smith Square

OX11 0QR SW1P 3JR

Tel: +44 (0)1235 753214 Tel: +44 207 238 1511

E-mail: anne.misra@ricardo-aea.com E-mail: lucy.barnard@defra.gsi.gov.uk

A copy of this report and related documentation may be found on the NAEI website maintained by
Ricardo-AEA on behalf of Defra and DECC: http://naei.defra.gov.uk/.
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(Il) Glossary
Emission Units

Pollutant emissions are presented using a number of different mass and / or toxicity units, according
to convenience, with specific reporting protocols including:

1 NO«x emissions are quoted in terms of NOx as NO2

1 SOx emissions are quoted in terms of SOx as SOz

1 PCDD and PCDF are quoted in terms of mass, but accounting for toxicity. This is the I-TEQ
scale and is explained further in the relevant chapters.

1 Pollutant emissions are quoted as mass of the full pollutant unless otherwise stated, e.g. NHs
emissions are mass of NHs and not mass of the N content of the NHs.

Acronyms and Definitions

ABI Annual Business Inquiry

ANPR Automatic Number Plate Recognition

AS Aviation Spirit

ATF Aviation Turbine Fuel

ATM Air Traffic Movement

ATOC Association of Train Operating Companies

APU Auxiliary Power Unit

AP-42 Emissions Factors & AP 42, Compilation of Air Pollutant Emission Factors
BAU Business as usual

BCA British Cement Association

BCF Bureau for Computer Facilities

BERR Department for Business, Enterprise & Regulatory Reform
BGS British Geological Survey

BSOG Df T6s Bus Services Operators Grant
BREF Best Available Technology Reference

BMW Biodegradable Municipal Waste

CAA Civil Aviation Authority

CCA Climate Change Agreement

CCGT Combined Cycle Gas Turbine

CD Crown Dependency

CEH Centre for Ecology and Hydrology

CHP Combined Heat and Power

CLRTAP Convention on Long-Range Transboundary Air Pollution
COPERT COmputer Programme to calculate Emissions from Road Transport
DECC Department of Energy & Climate Change

DEFRA Department for Environment, Food and Rural Affairs

DfT Department for Transport

DERV Road diesel Fuel

DoENI Department of Environment Northern Ireland

DRDNI Department for Regional Development Northern Ireland

DPF Diesel Particulate Filters

DUKES Digest of UK Energy Statistics

DVLA Devolved Administration-country specific vehicle licensing data
EE Energy Efficiency

EEMS Environmental Emissions Monitoring System

EfW Energy from Waste

EIONET European Environment Information and Observation Network
EMEP/CORINAIR After1999 called EMEP/EEA

EMEP/EEA European Monitoring and Evaluation Program Emission Inventory Guidebook
EPR Environmental Permitting Regulations

EPRTR European Pollutant Release and Transfer Register

EU ETS European Union Emissions Trading System

FGD Flue gas desulphurisation

FYM Farm Yard Manure
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GCV
GHG
GHGI
GWh
GWP
HGV
HMIP

ICAO
IEF
IPPC
ISR
ISSB
kt

ktC
ktC-e
LA-IPPC
LAPC
LGV
LPG
LTO
MoD
MPP
MPG
MSW
Mt
Mtherms
NFR
NHS
NAEI
NECD
NIEA
NIPI
NRW
OCGT
OGUK
ONS
OPG
ORR
oT
PAHs
PAMs
Pl

POC
POPs
ppm
PPRS
PRODCOM
PSDH
QA/QC
RASCO
RDF
RESTATSs
RTFO
RVP
SCCP
SEPA
SPRI
SS|
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Gross Calorific Value
Greenhouse gases
Greenhouse gas inventory
Giga Watt Hour (unit of energy)
Global Warming Potential
Heavy Goods Vehicles

Her Maj est yds

I nspectorate
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of

Pol

ut i

England and Wales, its functions now carried out by the Environment Agency and

Natural Resources Wales)

International Civil Aviation Organisation

Implied Emission Factor

Integrated Pollution Prevention and Control
Inventory of Statutory Releases (DoENI)

Iron and Steel Statistics Bureau

Kilo tonne

Kilo tonne of Carbon

Kilo tonne of Carbon-equivalent (taking account of GWP)

Local Authority Integrated Pollution Prevention and Control
Local air pollution control

Larger Goods Vehicles

Liquefied petroleum gas

Landing & Take Off

Ministry of Defence

Major Power Producers (i.e. large power station operators)
miles per gallon

Municipal Solid Waste

Megatonne
Megatherms

Nomenclature for Reporting
National Health Service

National Atmospheric Emissions Inventory
National Emission Ceiling Directive
Northern Ireland Environment Agency
Northern Ireland Pollution Inventory

Natural Resources Wales

Open Cycle Gas Turbine

Oil and Gas UK (trade association for upstream oil and gas industry)
Office for National Statistics

Other petroleum gases

Office of Rail Regulation

Overseas Territories

Polycyclic Aromatic Hydrocarbons

Policies and Measures
Pollution Inventory (of the Environment Agency and Natural Resources Wales)

Port of call

Persistent Organic Pollutants
Parts per million

Petroleum Production Reporting System

PRODuction COMmunautaire

Project for the Sustainable Development of Heathrow
Quality assurance and quality control
Regional Air Services Co-ordination

Refuse-Derived Fuel

Renewable Energy Statistics (published by DECC)
Renewable Transport Fuels Obligation

Reid Vapour Pressure

Short Chain Chlorinated Paraffins
Scottish Environmental Protection Agency
Scottish Pollutant Release Inventory

Sahaviriya Steel Industries (UK)
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SWA
THC
TSP
TRL
TFEIP
UEP
UKCCP
UKD
UKMY
UKOOA
UKPIA
UN/ECE
US EPA
USLP
WML
WID
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Scotch Whisky Association

Total Hydrocarbons

Total Suspended Particulate

Transport Research Laboratory

Task Force on Emission Inventories and Projections
Updated Energy Projection (UK energy forecasts produced by DECC)
UK Climate Change Programme

UK Gas Distributors

UK Minerals Yearbook

UK Offshore Operators Association (now Oil and Gas UK)
UK Petroleum Industries Association

United Nations Economic Commission for Europe

United States Environment Protection Agency

Ultra-low Sulphur Petrol

Waste Management Licensing

Waste Incineration Directive
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Abbreviations for Chemical Compounds

Chemical Name Abbreviation
Nitrogen Oxides NOx as NO2
Sulphur Dioxide SOxas SO2
Carbon Monoxide CO
Non-Methane Volatile Organic Compounds | NMVOC
Black Smoke BS
Black Carbon BC
Particulates < 10 mm PMio
Particulates < 2.5 mm PMzs
Particulates < 1 nm PM1
Particulates < 0.1 mm PMo.1
Total Suspended Particulates TSP
Ammonia NHs
Hydrogen Chloride HCI
Hydrogen Fluoride HF
Lead Pb
Cadmium Cd
Mercury Hg
Copper Cu
Zinc Zn
Nickel Ni
Chromium Cr
Arsenic As
Selenium Se
Vanadium \%
Beryllium Be
Manganese Mn
Tin Sn
Polycyclic Aromatic Hydrocarbons PAH

- Benzo[a]pyrene Bla]P

- Benzo[b]fluoranthene

- Benzo[Kk]fluoranthene

- Indeno (1,2,3-cd)pyrene [123-cd]P
Polychlorinated dibenzo-p-dioxins/ | PCDD/PCDF
Polychlorinated dibenzofurans
Polychlorinated Biphenyls PCB
Lindane (gamma-HCH) HCH
Pentachlorophenol PCP
Hexachlorobenzene HCB
Short-chain chlorinated paraffins SCCP
Polychlorinated Naphthalene PCN
Polybrominated diphenyl ethers PBDE
Sodium Na
Potassium K
Calcium Ca
Magnesium Mg
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Introduction

1.l ntroducti on

This chapter provides an overview of the activities that are undertaken as part of the UK emissions
inventory programme. Different aspects of the annual inventory cycle are included in the following
sections:
1 Section 1.1 summarises the scope of the inventory and the reporting requirements.
1 Section 1.2 describes the institutional arrangements that underpin the inventory activities.
1 Section 1.3 gives an overview of data flows and the annual inventory cycle.
1 Section 1.4 provides a summary of compilation methods and the input data that is used in the
inventory.
1 Section 1.5 provides the results from a key category analysis. This identifies the sources which
make the most important contributions to the emissions totals.
1 Section 1.6 summarises the QA/QC system that is operated throughout the inventory cycle, and
in particular includes a description of the roles and responsibilities within the inventory team.
I Section 1.7 briefly summarises the results from the uncertainty analysis that is conducted on a
wide range of the pollutants in the inventory programme.
I Section 1.8 provides a very brief overview of the completeness assessment that is conducted
every year.

1.1 NATIONAL INVENTORY BACKGROUND

111 UK Inventory Reporting Scope: Pollutants & Time series

The UK emissions inventory compiles annual pollutant emission estimates from 1970 to the most current
inventory year for the majority of pollutants. A number of pollutants are estimated only from 1990 or
2000 to the most current inventory year due to the lack of adequate data prior to these dates, but this
does not affect the UKés ability to submit a f-
Range Transboundary Air Pollution (CLRTAP). The pollutants that are required to be reported to the
(CLRTAP) are highlighted in Table 1-2. Black Carbon is reported on a voluntary basis as of this year.

Inclusion of new pollutants in the inventory is usually a result of newly introduced legislation that sets
limits on total emissions and/or requires quantitative information on this to be reported. However, the
UK government has always taken a pro-active approach to the inventory programme, enabling the
national inventory agency to be typically able to prepare, review and improve pollutant emission
estimates before they become a reporting obligation (see Section 1.2.2 on the Institutional
Arrangements for Inventory Preparation).

I n addition, the UKO&6s national i nventory progr
not currently required by international or national reporting obligations, but which are of use to the
research community. For example, generating emission estimates of base cations (sodium, potassium,
calcium and magnesium) enables air pollution models to better account for atmospheric processes and
generate more accurate estimates for the impact of acidic gases on human health and the environment.
The scope of pollutants relating to air quality issues that are compiled in the national inventory
programme are listed in Table 1-1.

The national inventory programme operates a continuous improvement programme. Improvements to
data sources, method options and reporting outputs are identified through QA activities such as peer,
bilateral and expert reviews, or are identified and logged by the UK inventory agency experts. A list of
potential improvements is then compiled and reviewed by the UK Government, the inventory agency
and other stakeholders every six to twelve months to generate a priority list of improvement actions.
Improvements can then be implemented (depending on resources) in time for the next inventory cycle.
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Table 1-1 Scope of UK Inventory Reporting: Pollutants by Type, Time series

Reported under | Inventory %
Pollutant CLRTAP Time seriest Type of Pollutant
Nitrogen Oxides Vv 1970-2013 NAQS, AC, IGHG, O, E
Sulphur Dioxide \ 1970-2013 NAQS, AC, IGHG
Carbon Monoxide V 1970-2013 NAQS, O
Non-Methane Volatile Organic Compounds * | V 1970-2013 NAQS, O, IGHG
Black Smoke 1970-2013 NAQS
Black Carbon Vv 1990-2013 -
Particulates < 10 mm Vv 1970-2013 NAQS
Particulates < 2.5 mm Vv 1970-2013 NAQS
Particulates <1 mm 1970-2013 -
Particulates < 0.1 mm 1970-2013 -
Total Suspended Particulates V 1970-2013 -
Ammonia \Y 1980-2013 AC, E
Hydrogen Chloride 1970-2013 AC
Hydrogen Fluoride 1970-2013 AC
Lead Vv 1970-2013 NAQS, TP
Cadmium \Y 1970-2013 TP
Mercury ** Vv 1970-2013 TP
Copper V 1970-2013 TP
Zinc Vv 1970-2013 TP
Nickel ** Vv 1970-2013 TP
Chromium ** V 1970-2013 TP
Arsenic V 1970-2013 TP
Selenium Vv 1970-2013 TP
Vanadium 1970-2013 TP
Beryllium 2000-2013 TP
Manganese 2000-2013 TP
Tin 2000-2013 TP
Polycyclic Aromatic Hydrocarbons * Vv 1990-2013 TP
PCDDs and PCDFs Vv 1990-2013 TP
Polychlorinated Biphenyls * Vv 1990-2013 TP
Lindane (gamma-HCH) V (until 2014)3 1990-2013 TP
Pentachlorophenol 1990-2013 TP
Hexachlorobenzene Vv 1990-2013 TP
Short-chain chlorinated paraffins 1990-2013 TP
Polychlorinated Naphthalene NE TP
Polybrominated diphenyl ethers SE TP
Sodium 1990-2013 BC
Potassium 1990-2013 BC
Calcium 1990-2013 BC
Magnesium 1990-2013 BC
1 An explanation of the codes used for time series:
SE A ASingle Emissiondo not attNB but@Not oEsat ispatcéeddc year
2 An explanation of the codes used for pollutant types:
(0] Ozone precursor NAQS National Air Quality Standard/Local Air Quality Management pollutant
AC Acid gas TP Heavy metals and POPs ar e gPReonlelruatla
BC Base cation (although other pollutants also have toxic properties)

IGHG Indirect Greenhouse Gas E Eutrophying pollutant
3 Reported as total HCH

* The inventory also makes emission estimates of the individual compounds within this group of compounds.
** Metals for which the inventory makes emission estimates for each of the chemical form of the emissions.
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1.1.2 Reporting Requirements: NECD and CLRTAP

The UK National Atmospheric Emissions Inventory (NAEI) programme, managed by the Department for
Environment, Food and Rural Affairs (Defra), is responsible for submitting the official UK emissions
datasets to the EU National Emissions Ceilings Directive (NECD) and CLRTAP.

NECD

The National Emission Ceilings Directive (Directive 2001/81/EC, NECD) sets limits for each Member
State for the total emissions of NOx, SOx, NMVOC and NHz in 2010 and subsequent years. These
pollutants contribute to acidification and eutrophication of ecosystems whilst also playing a major role in
the formation of ground-level ozone. EU Member States are required to prepare and annually update
national emissions inventories and emissions projections for 2010 for these pollutants.

The UK met all of its NECD targets for 2010 and all subsequent years to date.

The NECD submission uses the latest CLRTAP reporting templates (as requested by the European
Environment Agency), and there are therefore strong parallels between the datasets under these two
international commitments.

In December 2013, the European Commission published a proposal to revise the NECD. The proposed
Directive would set emission reduction ceilings for 2020 and 2030 for the four pollutants currently
regulated and would extend the Directive to set ceilings for PM2s from 2020 and methane from 2030.
The proposed Directive must be agreed by the Council of Ministers and the European Parliament before
it can enter into force.

CLRTAP
There are several protocols within the CLRTAP that require national emission estimates to be reported
on an annual basis. The most ext ensi-pvoel Icuotmami tt dmepnrt ost oacr

so-called Gothenburg Protocol agreed in November 1999 and revised in 2014), but there are also
reporting requirements included in the Heavy Metals Protocol, and the Persistent Organic Pollutants
Protocol. The 2015 UK inventory reported to the NECD and Gothenburg Protocol have been compiled
in line with the revised Gothenburg Protocol Guidance*.

Under the NECD the UK submits the provisional emissions for the pollutants for the previous five years
and under the CLRTAP, the final emissions of pollutants covering 1990 to the most recent reported year.

The pollutants required for reporting under the CLRTAP are listed in Table 1-2 below.

4http://www.ceip.at/fileadmin/inhalte/emep/2014_Guidelines/ece.eb.air.125_ADVANCE_VERSION_reporting_guidelines_2013.p
df
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Table 1-2 Summary of annual reporting requirements for estimating and reporting emissions
under the CLRTAP
Reported
Group Pollutant Required years in 2015
reporting years | UK
submission
Nitrogen Oxides
. Sulphur Dioxide . .
I\P/It?lllztants Carbon Monoxide . . ;ggf)mlinurgr;ortlng 1990-2013
Non-Methane Volatile Organic Compounds
Ammonia
Particulates < 10 nm
Particulate Particulates < 2.5 nm 2000 T reporting 1990-2013
Matter Total Suspended Particulates year minus 2
Black Carbon (voluntary)
. Lead . .
Priority Cadmium 1990 i .reportlng 1990-2013
Heavy Metals years minus 2
Mercury
Copper
Zinc
Other Heavy | Nickel 1990 i reporting
Metals Chromium year minus 2 1990-2013
Arsenic
Selenium
Benzo[a]pyrene
Benzo[b]fluoranthene
Persistent Benzo[k]fluoranthene . .
Organic Indeno (1,2,3-cd)pyrene 1990 1 reporting | 1944 5313
Pollutants PCDD/PCDFs year minus 2
Polychlorinated Biphenyls
Hexachlorobenzene
Activity  data 1990 i reportin
by  source year minuspz 9 | 1990-2013
category

Four-yearly reporting requirement
Every four years, starting in 2015, EU Member States have to report projected emissions for the years
2020, 2025 and 2030 and, where available, also for 2040 and 2050.

Starting in 2017 (2015 emissions), EU Member States have to report spatially allocated emissions
(gridded data) and emissions from large point sources as defined in Section A of Annex VI to the
CLTRAP Reporting Guidelines. A summary of the 4-yearly reporting requirements, and the UK provision,
is included in Table 1-3 below.

As requested by the Centre on Emission Inventories and Projections the gridded emissions do not
include emissions from large-point sources, which are reported separately.

Table 1-3 Summary of four yearly reporting requirements for estimating and reporting
emissions under the CLRTAP
. . Reported years in 2015 UK
Group Pollutant REges) reporting submission

years starting in 2017

Gridded data

SOx as SOz, NOx as NOg2,

in the new | NHs, NMVOC, CO, PMuio, 2000 (optional)

EMEP  grid | PMzs, Pb, Cd, Hg, 2005. 2010. 2015 Not required
(0.1° x 0.1° | PCDD/PCDFs, PAHs, HCB, ’ ’

long-lat) PCBs,
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Grou Pollutant Reguies TEDOTNG sRL?g%ri;es?oﬁears n 2015 UK
P years starting in 2017

Emissions SOx as SOz, NOx as NOg,
from NHs, NMVOC, CO, PMuo, .
large-point PMzs, Pb, Cd, Hg, 388(5) (ggggnggﬁ Not required
sources PCDD/PCDFs, PAHs, HCB, ’ ’
(LPS) PCBs,

. SOx as SO2, NOx as NOg2,
Projected NHs, NMVOC, PMs, BC | 2020 2025, 2030, 2040 and | 545 5695 2030
emissions 2050

(voluntary)

Quantitative
information reported for the projection
on target year (2020) and the
parameters historic year chosen as the | 2000, 2020, 2030
underlying starting year for the
emission projections (2000)
projections

Table 1-4 and Table 1-5 provides a summary of the emission targets set under the original NECD and
revised Gothenburg Protocol. The UK met all of its NECD targets for 2010, and all subsequent years
and 2020 Gothenburg Protocol Target based on the current 2013 inventory.

Table 1-4 Comparison of UK 2013 national emissions with 2010 NECD emission ceilings for

UK
Pollutant NH3 NOx as NO, |SOxas SO, [NMVOC
UK NECD 2010 Ceiling, ktonnes 297 1167 585 1200
UK 2013 National Total, ktonnes 271 1020 393 803
Percentage of NECD 2010 ceiling, % 91% 87% 67% 67%

Table 1-5 Comparison of UK 2013 national emissions with 2020 Gothenburg emission targets
Pollutant NH3 NOx as NO, [SO4 as SO, |NMVOC PM2zs
2005 National Total, ktonnes 304 1586 710 1136 95
Emission reduction commitment 8% 55% 59% 32% 30%
2020 target, ktonnes? 280 714 291 773 67
2013 National Total, ktonnes 271 1020 393 803 80
Progress to date towards 2020 reductions 136% | 65% 76% 92% 52%
Emission reduction required from 2013, ktonnes |0 |306 102 30 14

@ Calculated from the 2020 Gothenburg Emission Reduction Commitments using the current emission estimate for
the 2005 base year. Note that all emission totals are rounded.

In addition to the reporting under the NECD and the CLRTAP, the UK National Atmospheric Emissions
Inventory team reports GHG emissions to the United Nations Framework Convention on Climate
Change (UNFCCC). This is to comply with UNFCCC reporting requirements and the Kyoto Protocol
commitments on behalf of the UK Government Department for Energy and Climate Change (DECC).
There are some differences between the reporting requirements for each of the NECD, CLRTAP and
UNFCCC. The major differences between the source sector coverage are highlighted in Table 1-6,
although there are also differences in the geographical coverage (see Section 1.1.4).
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Table 1-6  Scope of UK Emissions Inventory Reporting under the CLRTAP, NECD and UNFCCC

CLRTAP/NECD .
Sector category (included) UNFCCC (included)
Domestic aviation (cruise) No Yes
International aviation (LTO) Yes No
International inland waterways Yes No
113 Emission Sources Reported in the UK Inventory

In principle, the UK emissions inventory makes estimates of all known emissions to air at as high a level
of disaggregation as is possible. However, by following international guidelines® on emissions reporting,
there are a number of known sources which are deliberately not included in the inventory:

1 Natural sources are not included in the national totals (although estimates of some sources are
made). Only anthropogenic emission sources are reported.

1 The inventory reports only primary source emissions to atmosphere (as per international
guidelines). Consequently, re-suspension of particulate matter is not included in the national
totals (although estimates for some re-suspension terms are made).

1 Cruise emissions from civil and international aviation are not included in the national totals (only
estimates from landing and take off (LTO) for civil and international aviation are included in the
national totals).

1T Estimates of #fAlnternational 0 emissions such
(i.e. excluded from the UK national totals).

Assessing the completeness of the emissions inventory, and the use of validation studies are explained
under the Quality Assurance and Quality Control sections of this report (Section 1.6).

114 Geographical Scope

The geographical coverage of the emissions data in this report is the UK plus Gibraltar. Overseas
Territories (OTs) and Crown Dependencies (CDs) are excluded.

Under the UNFCCCS, GHG emi ssions from the UK CDs and

as s hi

OTs who

AUK umbrella agreemento are included in t hNO«x(@sati onal

NO2) and NMVOCs emissions reported to the NECD/CLRTAP and the UNFCCC, where they are
reported as indirect GHGs.

1.2 Institutional Arrangements for Inventory Preparation

All UK emission inventories are compiled and maintained by the National Atmospheric Emissions
Inventory (NAEI) team, led by Ricardo-AEA (the Inventory Agency). The NAEI is maintained under
contract to the Air Quality Evidence Team, Atmosphere and Industrial Emissions, of the Department for
Environment, Food and Rural Affairs (Defra) and the Science & Innovation Division at the Department
of Energy and Climate Change (DECC). The NAEI work programme is also supported through research
funding from the Scottish Government, Welsh Government and Northern Ireland Department of
Environment. Emissions of NHs and GHGs from agriculture are compiled by Rothamsted Research,
under a separate contract to Defra, which are then provided to the NAEI team who are responsible for
compiling the complete inventory.

1.21 Defra

Defra is responsible for meeting the UK Gover nment 6 s commi t ments to
quality pollutant emissions, and as such has the following roles and responsibilities:

Shttp://www.ceip.at/fileadmin/inhalte/femep/2014_Guidelines/ece.eb.air.125_ADVANCE_VERSION_reporting_guidelines_2013.p
df
6 Under the EU Monitoring Mechanism emissions are reported for the United Kingdom and Gibraltar only.
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National Level Management & Planning
1 Overall control of the inventory programme development & function;
1  Procurement and management of contracts which deliver emissions inventories;
1  Definition of performance criteria for key organisations involved in the compilation process.

Development of Legal & Contractual Infrastructure
1 Review and evolution of legal & organisational structure;
1 Implementation of legal instruments and contractual developments as required, to meet
guidelines.

1.2.2 Ricardo-AEA

As the UKO6s inventory agency-AEAf ibespddsibie Ifor corapiimg,the
emission inventories, and submitting them on behalf of Defra. Other roles and responsibilities include
the following:

Planning
1  Co-ordination with Defra and DECC to compile and deliver the emission inventories to meet
international reporting requirements and standards;
1 Review of current performance and assessment of required development action;
1  Scheduling of tasks and responsibilities of the range of inventory stakeholders to ensure timely
and accurate delivery of emissions inventory outputs.

Preparation
1  Drafting of agreements with key data providers;
1 Review of source data & identification of developments required to improve the inventory data
quality.

Management
1  Documentation & secure archiving of data and relevant information;
1 Dissemination of information to inventory stakeholders, including data providers;
1 Management of inventory QA/QC plans, programmes and activities.
1 Archiving of historic datasets (and ensuring the security of historic electronic data), maintaining
a library of reference material. The emission inventory database is backed up whenever the
database has been changed.

Inventory Compilation
1 Data acquisition, analysis, processing and reporting;
1 Delivery of the Informative Inventory Report (IIR) and associated datasets to time and quality.

Ricardo-AEA is the lead contractor in the consortium responsible for compiling and maintaining the
NAEI. As the lead contractor, Ricardo-AEA has direct responsibility for the items listed above, as well
as managing the inputs from sub-contractors, and incorporating the inputs from other contracts directly
held by other organisations with Defra:

1 Agricultural emissions of NHs are prepared by a consortium led by Rothamsted Research, under
contract to Defra.

1  Emissions of NHz from non-agricultural sources are prepared by the UK Centre for Ecology and
Hydrology (CEH), under subcontract to Ricardo-AEA.

1  Aether, under subcontract to Ricardo-AEA, provides the Secretariat and Chair of the Task Force
for Emission Inventories and Projections (TFEIP) activities. They also support Ricardo T AEA in
the compilation of rail emission estimates and the inventories for the Overseas Territories and
Crown Dependencies as well as providing expert advice on projections and QA/QC.

1 AMEC FW, under subcontract to Ricardo-AEA, provide expert advice on projections.

Roles within the programme are illustrated in Figure 1.1 below.
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Key Data Providers are also included on this figure, and include:

1 Other government departments, such as the DECC and Department for Transport (DfT);

1 Non-departmental public bodies such as the Environment Agency (EA), Natural Resources
Wales (NRW), the Scottish Environment Protection Agency (SEPA), the Northern Ireland
Environment Agency (NIEA), the Office of National Statistics (ONS), the Centre for Ecology and
Hydrology (CEH), Rothamsted Research;

1 Private companies such as Tata Steel; and
1 Business organisations such as UK Petroleum Industry Association (UKPIA), the Mineral
Products Association (MPA) and Oil & Gas UK.
Statistical Datasets Official National Datasets + Transport Statistics (DfT)
+ Energy and fuel statistics (DECC) + Emission Factors (EMEP-ER Guidebook)
* PI, SPRI, NIPI (EA, NRW, SEPA, NIEA) *Food and Farming Statistics (Defra, DARD)
Other National Datasets
+ Industry & NGOs — UKPIA, MPA, other trade associations, individual companies
Data Collection
Ricardo-AEA (Lead Defra contract
Contractor) . :
L Y Y Agriculture inventory —
Non-agricultural ammonia i CEH Rothamsted Research
Rail and OT&CD i Aether Raw Data
Projections i AMEC FW ]
Checked
Input Data
[ ]
Compilation
" Defra, DECC,
| X et Scottish Government,
nventory agenc e e
- rt"yr & | dyb .Database‘ Welsh Government,
onsortium 1e
&. do-AEA) y Northern Ireland
polutant amissons Department of
& reports = Environment
N N

CLRTAP UNFCCC
& NECD & EUMM
Figure 1-1 An Overview of the Roles within the Inventory Programme

Information Dissemination

Data from the NAEI are made available to national and international bodies in a number of different
formats. The NAEI team also liaise regularly with representatives from industry, trade associations, UK
Government and the Devolved Governments in Scotland, Wales and Northern Ireland.

In addition there is a continuous drive to enhance the information made available and accessible to the
public. The NAEI website is updated annually, giving the most recent emissions data and other
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information such as: temporal trends, new pollutants and methodology changes. A new, more up to date
and user friendly interface was launched in January 2013.

The NAEI web pages may be found at: http://naei.defra.gov.uk/

The web pages are arranged to allow easy and intuitive access to the detailed emissions data, as well
as providing general overview information on air pollutants and emissions inventories for non-experts.
Information resources available on the NAEI web pages include:

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

1 Emissions Maps: - Emissions of pollutants are given in the form of UK maps. These maps give
emissions of various pollutants on a 1 x 1 km resolution. The maps are available as images, but in
addition the data behind the maps can also be accessed directly from the website. An updated
interactive interface to the maps may be found at http://naei.defra.gov.uk/data/gis-mapping.

1 Reports: - The most recent reports compiled by the inventory team on related subjects are made
available in electronic format.

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

In addition, the NAEI website provides links to web-pages that explain technical terms, provide airborne
pollutant concentration data and to sites that outline the scientific interest in specific pollutants and
emission sources. In particular there are links to the various Defra pages containing comprehensive
measurement data on ambient concentrations of various pollutants. The Defra air quality sites can be
found at:

https://www.gov.uk/government/policies/protecting-and-enhancing-our-urban-and-natural-
environment-to-improve-public-health-and-wellbeing/supporting-pages/international-european-and-
national-standards-for-air-quality

http://uk-air.defra.gov.uk/

Information Archiving and Electronic Back-ups
The UK emissions inventory team also have the responsibility of maintaining an archive of reference
material and previously conducted work. This archive is both in paper format (held on site at the Ricardo-
AEA office in Oxfordshire), and in electronic format.

Electronic information is held on networked servers. This allows efficient access and maintains good
version control. The data on the servers are mirrored to a second server to ensure data security, with
incremental tape backups performed to maintain currency. The data files (in particular the compilation
data and central database) are backed up whenever the files are being changed.
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1.3 Inventory Preparation Process

1.31 Introduction

Figure 1-2 shows the main elements of the UK emissions inventory system, from collection of source
data from UK organisations through to provision of data to international organisations. Further details
of these elements are discussed in Section 1.3.4 to Section 1.3.8.

Data Collection

s\

& reports & reports
- -

CLRTAP UNFCGCC
& NECD & EUMM

Figure 1-2 Overview of the Inventory Preparation Process
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1.3.2 The Annual Cycle of Inventory Compilation

The NAEI is compiled annually, and over many years the activities outlined above in Figure 1.2 have
been developed into an annual cycle. Each year the latest set of data are added to the inventory and
the full time series is updated to take account of improved data and any advances in the methodology
used to estimate the emissions. Updating the full time series, making re-calculations where necessary,
is an important process as it ensures that:
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1 The full NAEI dataset/time series is based on the latest available data, using the most recent
research, inventory guidance, methods and estimation models available in the UK;

1 The inventory estimates for a given source are calculated using a consistent approach across
the full time-series and the full scope of pollutants;

1 All of the NAEI data are subject to an annual review, and findings of all internal & external
reviews and audits are integrated into the latest dataset.

This annual cycle of activity is represented schematically in Figure 1-3, and is designed to ensure that
the UK inventory data are compiled and reported to meet all quality requirements and reporting
timescales of the UNECE and other international fora.

JUNE
Begin data collection

Generation of gridded
data and maps

www update ‘ Begin
next
. cycle
Defra publish Key Result ‘
April ’
UNFCCC( .
MARCH
EUMM + DEC (g SEPTEMBER

Finalise & Lock Inver

February
CIRTAP submissiol
DECC stats

' 4 )

January .

EUMM November

Pre submission review (GHGs

DECEMBER
Provisional data to EU

Figure 1-3 The Annual Inventory Cycle in the UK

1.3.3 Data Flows and Infrastructure of Compilation

The compilation of the UK inventory requires a systematic approach to the collation of quite disparate
statistical and source emission measurement information, and the subsequent calculation of
comprehensive, coherent and comparable air emissions data to a range of users as illustrated in Figure
1-4.
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Figure 1-4 Summary of UK Inventory data flows

The compilation method can be summarised as follows:

1.

Data Collection- source data are requested, collected and logged, from a wide variety of data
providers.

Raw Data Processing- the received data are checked, and formatted for use.

Spreadsheet Compilation- formatted input data are added to bespoke spreadsheets to
generate all required emission factors and activity data in the required format.

Database Population- emission factors and activity data are uploaded from the spreadsheets
to the central emissions inventory database.

Reporting Emissions Datasets- data are extracted from the database and formatted to
generate a variety of datasets used for national or international reporting requirements.

Each of these stages is explained in more detail in the following sections.
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After finalisation, all different aspects of the compilation process are reviewed for improvement e.g.
quality of the input data, the emissions calculation methods, the thoroughness of the QA/QC checks,
efficiency of data handling etc.

The five-stage summary of the inventory cycle provides a simplistic overview. In practice there are
considerably more tasks and the cycle is more complex. For example, some other tasks within the
programme would be associated with:

1 Quality assurance and quality control tasks and systems which operate throughout the entire
inventory programme;

1 Management of the work programme, overseeing stakeholder engagement and inventory delivery
as well as organising staff;

1 Other Government support activities, which are conducted by the team.

The QA/QC programme that operates throughout the inventory programme is explained in Section 1.6.
This incorporates staff management and responsibilities.

1.34 Stage 1: Data Collection

1.3.4.1 Data Management

Figure 1-5 describes the data collection process for core inventory compilation. Data requests are made
by letter, e-mail, phone, and across the internet. The process is managed by the NAEI Data Acquisition
Manager who follows-up on the initial data requests, receipts and ensures initial QC of data by sector
or pollutant experts. The primary tool used to monitor data requests and data provision is a Contacts
Database, which holds contact details of all data providers, and references to the data that has been
provided by them in the past. All data requests and details of incoming data are logged and tracked
through the database. All incoming data (and all outgoing data) are given a unique reference number to
allow effective data tracking.

Alnre

Contacts
database

» 1 4

Issue Data Requests

Provision of Data

E-mail Internet  Telephone

@ 6 @

\17

Raw Data
> 80 organisations
> 100 MB data
> 150 datasets

d439N31d3S

Figure 1-5 Data collection for core inventory compilation

There is a wide variety of organisations that provide data to the emissions inventory team. Whilst many
of the providers are in the Government sector, there is also a lot of data sourced from private companies
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(who do not have any obligation to provide the data). It is therefore essential to build a strong working
relationship with these data providers.

1.34.2 Key Data Providers

A number of the most important data providers have been defined as Key Data Providers. Whilst there
are legal measures” in place in the UK to secure the data provision to the emissions inventory (via the
GHG inventory), there is currently no obligation for these organisations to provide data pertinent
specifically to the air quality pollutant inventories. However, the major data providers to the emissions
inventory are encouraged to undertake the following responsibilities relating to data quality, data
formats, timeliness of provision and data security:

1 Delivery of source data in appropriate format and in time for inventory compilation, allowing for
all required QA/QC procedures;

1 Assessment of their data acquisition, processing & reporting systems, taking regard for QA/QC
requirements;

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

1 Communication with Defra, Ricardo-AEA and their peers / members to help to disseminate
information.

National Energy Statistics and Energy Balance of the Inventory

DECC provides the majority of the energy statistics required for compilation of the NAEI and the GHGI.
These statistics are obtained from the DECC publication 7 The Digest of UK Energy Statistics (DUKES)
T which is produced in accordance with QA/QC requirement s st i pul ated withi
National Statistics Code of Practice (ONS, 2002) i and as such is subject to regular QA audits and
reviews.

DUKES is available at:
https://www.gov.uk/government/organisations/department-of-energy-climate-change/series/digest-of-
uk-energy-statistics-dukes

The DECC team follows a humber of steps to ensure the energy statistics are reliable. At an aggregate
level, the energy balances are the key quality check with large statistical differences used to highlight
areas for further investigation. Prior to this, DECC tries to ensure that individual returns within DUKES
are as accurate as possible. A two-stage process is used to achieve this. Initially the latest data returns
are compared with those from previous months or quarters to highlight any anomalies. Where data are
seasonal, comparison is also made with corresponding data for the same month or quarter in the
previous year. DECC also uses an energy balance approach to verify that individual returns are
sensible. Any queries are followed up with the reporting companies. DECC depends on data from a
range of companies, and work closely with these reporting companies to ensure returns are completed
as accurately as possible and in good time for the annual publications of statistics.

At a detailed sector level, the activity data used in the UK inventory may not exactly match the fuel
consumption figures given in DUKES and other national statistics. This occurs for one of three reasons:

1) Data in DUKES and other national statistics are not always available to the level of detalil
required in the inventory.

2) Data in DUKES and other national statistics are subject to varying levels of uncertainty, and in
some cases better data are available from other sources.

3) DUKES and other national statistics do not include any data for a given source.

Deviation from the detailed data given in DUKES is most significant in the case of gas oil. This fuel
is used in off-road machinery engines (e.g. agricultural and construction machinery), railway
locomotives, marine engines, stationary engines and other stationary combustion plants such as
furnaces. DUKES relies on data provided by fuel suppliers and importers / exporters but data on

7 Greenhouse Gas Emissions Trading System (Amendment) and National Emissions Inventory Regulations 2005,
available at: http://www.opsi.gov.uk/si/si2005/20052903.htm
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industrial use of gas oil is very uncertain. The distribution chain for refinery products is complex, and
the gas oil producers and importers have very little knowledge of where their product is used once it is
sold into the marketplace. This is further compounded by the fact that the inventory needs to distinguish
between gas oil burnt in mobile machinery and gas oil burnt in stationary combustion plant. Fuel
suppliers and importers would not necessarily know whether a customer was using gas oil in mobile or
stationary equipment.

Due to these issues, the inventory makes estimates of gas oil consumption for many sectors by bottom-
up methods (e.g. for off-road machinery based on estimates of population and usage of different types
of equipment) or gathers data from other sources (e.g. rail operating companies, power station
operators). DUKES data are not used directly; however, estimates of consumption of this fuel by other
sectors are then adjusted in the inventory in order to maintain consistency with the total gas oil
consumption given in DUKES.

Other fuels with significant deviations from the detailed data given in DUKES include fuel oil, aviation
turbine fuel, petroleum coke, other petroleum gases (OPG) and coal. Generally a similar approach is
used to ensure that overall consumption of each fuel is consistent with the figures given
in DUKES. However, for petroleum coke the deviations are sufficiently great that consistency cannot
be maintained and in the case of OPG the UK inventory contains additional sources not included in
DUKES so it is not appropriate to ensure consistency.

The data collection system used by DECC to collect and calculate sector-specific estimates for use of
petroleum-based fuels has been changed. Since January 2005 a new electronic system of reporting has
been introduced. This development has led to more consistent returns from petroleum industries,
reducing misallocations and transcription errors that may have occurred under the previous paper-based
system. Improvements are evident in DUKES from 2006 onwards.

Energy consumption data and process-related activity data are available for installations that are
covered by the EU Emissions Trading System (EU ETS) and some of these data are used in an
aggregated form in the UK inventory. As described previously, consistency with total UK fuel
consumption data given in DUKES is maintained wherever possible.

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

The Environment Agency, Natural Resources Wales - Pollution Inventory

The Environment Agency and Natural Resources Wales compile a Pollution Inventory (PI) of emissions
from around 2,000 major point sources in England and Wales. This requires the extensive compilation
of data from a large number of different source sectors. This valuable source of information is
incorporated into the NAEI wherever possible, either as emissions data, or surrogate data for particular
source sectors. The information held in the Pl is also extensively used in the generation of the NAEI
maps, as the locations of individual point sources are known. The NAEI, the EA and the NRW work
closely to maximise the exchange of useful information. The PI allows access to air emissions through
postcode interrogation with a map facility, and may be found on the Environment Agency website:
http://www.environment-agency.gov.uk/business/topics/pollution/32254.aspx

The Scottish Environment Protection Agency i SPRI Inventory

The Scottish Environment Protection Agency (SEPA) compiles an emissions inventory for emissions
reporting under the Integrated Pollution Prevention and Control (IPPC) Directive and the European
Pollutant Emission Register (EPER and now EPRTR). The reporting of emissions is required for all
activities listed in Annex | of the IPPC Directive. Industrial process emissions are reported to the Scottish
Pollutant Releases Inventory (SPRI), and the data covers emissions in 2002 and from 2004 onwards.
As with the data from the EA and NRW Pollution Inventory, the point source emissions data provided
via the SPRI are used within the NAEI in the generation of emission totals, emission factors and mapping
data. The SEPA inventory can be found at:

http://www.sepa.org.uk/air/process industry regulation/pollutant release inventory.aspx

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

http://www.doeni.gov.uk/niea//environment/industrialPollution/ipc.shtml

Other Key Data Providers

Rothamsted Research compiles, on behalf of Defra, the inventory for agricultural NH3 emissions using
agricultural statistics from Defra and the Northern Ireland Department of Agriculture and Rural
Development (DARDNI).

The Centre of Ecology and Hydrology (CEH) compiles NH3z emission estimates for sources in the natural
and waste sectors (as well as providing information for mapping NHs emissions).

Aether contributes to the compilation of the inventory for the Devolved Administrations, and compiles
the Overseas Territory and Crown Dependency inventories and the rail emissions estimates.

Defra also funds research to provide emissions estimates for certain sources. The results of all research
thought to be of use are investigated to determine whether they can usefully contribute to the UK
emissions inventory.

The UK emission inventories are compiled according to international Good Practice Guidance (EMEP-
EEA and IPCC). 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 data sources, or new guidance from EMEP-EEA, relevant
work by IPCC, new research, or specific research programmes sponsored by Defra or DECC.
Information on improvements and recalculations can be found throughout this report, in Chapter 3-9
which describe the methods used in the different source sectors.

1.3.5 Stage 2: Raw Data Processing

The data received from the data providers are stored in a file structure according to the provider. All
data is traceable back to the original source.

For the majority of the data, no processing is required before the data are used in the compilation
spreadsheets (Stage 3 below). However, for some datasets, work needs to be conducted on the
received data before it is possible to use in Stage 3.

The data checking and QA/QC procedures associated with this stage of the work are detailed in Section
1.6.

1.3.6 Stage 3: Spreadsheet Compilation

All data are transferred into the central database originates from a series of pre-processing
spreadsheets. These spreadsheets are used to perform the bespoke calculations and data
manipulations necessary to compile appropriate and consistent component statistics or emission factors
for use in the emissions database. The spreadsheets also record the source of any originating data and
the assumptions and calculations done to that data to create the data necessary for the emissions
database. There are thorough checks on the compilation spreadsheets- as detailed in Section 1.6.

1.3.7 Stage 4: Database Population

A core database is maintained containing all the activity data and emission factors. Annually, this core
database is updated with activity data for the latest year, updated data for earlier years and for revised
emission factors and methods. The transfer of data to the database from the master spreadsheets is
automated to increase efficiency and reduce the possibility of human error.

The core database system calculates all the emissions for all the sectors required by the NAEI and
GHGI to ensure consistency.
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All activity data and emission factors in the database are referenced with the data origin, a text
reference/description, and the literature reference. This referencing identifies the underlying data and
data sources as well as any assumptions required to generate the estimates.

Once populated there are numerous checks on the data held in the database before use. These checks
are detailed in Section 1.6.

1.3.8 Stage 5: Reporting Emissions datasets

There are numerous queries in the database to allow the data to be output in a variety of different
formats. A front end has been specifically designed to allow data handling to be conducted more
efficiently.

For the CLRTAP submission, data for the relevant pollutants and years are extracted from the database
in NFR format. This large data block is pasted into a spreadsheet. The NFR templates are then
populated automatically by referring to the appropriate line in the large data block. A number of manual
amendments are then required before the data are thoroughly checked and submitted.

1.4 Methods and Data Sources

Overview information on primary data providers and methodologies has been included in the above
sections. Table 1-7 gives an indication of where UK specific data are used in the emissions inventory,
and where methodologies that are more generic are used (where UK specific information is not
available).

Table 1-7 UK Emissions Inventory Compilation Methodologies by NFR

NFR Category Activity EFs Comment

1Ala Public Electricity & Heat Production UK statistics (DUKES) Operator  reporting  under

IPPC/EPR
1A1b Petroleum refining UK statistics (DUKES) %F;’eé?ltz(gR reporting  under
1A1c Manufacture of Solid Fuels etc. UK statistics (DUKES) I(I):,%eé?ggR a;nggi’\r/‘lgs under
1A2a Iron & Steel UK statistics (DUKES) [lory of EFs reported form
1A2b Non-ferrous Metals UK statistics (DUKES) Hﬁdchggcg;gppsramr reporting
1A2¢ Chemicals UK statistics (DUKES) Sﬁdchggcg;gppsrator reporting
1A2d Pulp, Paper & Print UK statistics (DUKES) UK factors & Operator reporting

under IPPC/EPR
UK factors & Operator reporting

1A2e Food Processing, Beverages &UKstatistics (DUKES)

Tobacco under IPPC/EPR

i L - UK factors & Operator reporting
1A2f Non-metallic minerals UK statistics (DUKES) under IPPC/EPR

- UK factors & Operator reporting

1A2g Other UK statistics (DUKES) under IPPC/EPR
1A3ai(i) International Aviation (LTO) UK statistics (CAA) UK Literature sources
1A3aii(i) Civil Aviation (Domestic, LTO) UK statistics (CAA) Literature sources
1A3b Road Transportation UK statistics (DfT) Literature - sources and UK

factors

UK statistics (ORR)

1A3c Railways ; UK factors
and estimated
1A3di (i) International inland waterways NA NA
UK  statistics and
1A3d ii National Navigation sector research|Literature sources

(Entec, 2010)
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NFR Category Activity EFs Comment
L Reported
1A3e Pipeline compressors IE IE under 1A1c
1A4a Commercial / Institutional UK statistics (DUKES) |UK factors
1A4b i Residential UK statistics (DUKES) |UK factors
1A4b ii Household & gardening (mobile)  |Estimated Literature sources
1A4_c i Agriculture/Forestry/Fishing: UK statistics (DUKES) |UK factors
Stationary
1A4c .||/||| Off-road Vehicles & Other Estimated Literature Sources
Machinery
. . . . Reported
1A5a Other, Stationary (including Military) |- - under 1A5b
1A5b Other, Mobile (Including military) UK statistics Literature sources
- . UK statistics (DUKES,
1B1la Coal Mining & Handling UK Coal) UK factors
. . . Operator  reporting  under
1B1b Solid fuel transformation UK statistics (DUKES) IPPC/EPR, literature sources
Reported
1B1c Other - - under 1B1b
Operator  reporting  under,
IPPC/EPR and via EEMS, data
1B20il & natural gas UK statistics & Industry|from UKPIA, data from UK gas
network operators and from
DECC
. . Industry & Operator reporting
2 A Mineral Products Industry & Estimated under IPPC/EPR
. . Operator  reporting  under
2 B Chemical Industry Industry & Estimated IPPC/EPR
. - Industry & Operator reporting
2 C Metal Production UK statistics & Industryunder IPPC/EPR
2 D Solvents Industry UK. factors, Industry &
Estimated
2 G Other product use Na NA
2 H Pulp _and paper industry, Food and UK statistics & Industry|UK factors
beverages industry
2 1 Wood processing UK statistics & Industry|UK factors
2 J Production of POPs NA NA
2 K Consumption of POPs and heavy metals|industry Industry & Estimated
2 L Other production, consumption, storage, NA NA
transportation or handling of bulk products
3B Manure Management UK statistics UK factors
Majority based on UK
3D Agricultural Soils farm  surveys and|Literature sources
fertiliser sales data
Majority based on UK
farm  surveys and
3F Field Burning Of Agricultural Wastes fertiliser sales data ,|Literature sources
Estimates used for foot
and mouth pyres
3l Other UK. Statistics & UK factors
Estimated
5A Solid Waste Disposal On Land ;gtivsvﬁie and disposal UK model and assumptions
5B Biological treatment of waste UK statistics UK factors
. . UK Statistics &|Operator  reporting  under
5C Waste Incineration Estimated IPPC/EPR & UK factors
5D Waste-Water Handling UK statistics UK factors
5E Other Waste Estimated UK factors
6A Other Estimated UK factors
Memo Items
1A3aii(ii) Civil Aviation (Domestic, Cruise) |UK statistics (CAA) Literature sources
1A3ai(ii) International Aviation (Cruise) UK statistics (CAA) Literature sources
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NFR Category Activity EFs Comment
UK  statistics  and|Literature sources

1A3di(i) International maritime Navigation |sector research
(Entec, 2010)

6B Other (Memo) UK statistics UK factors

11 Other (Memo) Estimated UK factors

The terms used here provide a simple overview to give an indication of where detailed or UK specific
information has been used in the emissions inventory. The following definitions have been used in the
table:

For activity data:

1 UK Statistics: UK statistics, including energy statistics published annually in DUKES. Almost
all statistics are provided by UK Government, but the NAEI also relies on some data from other
organisations, such as iron and steel energy consumption and production statistical data,
provided by the Iron and Steel Statistics Bureau (ISSB).

Industry: Process operators or trade associations have provided activity data directly.
Estimated: Activity data have been estimated by the inventory agency (or other external
organisations). This approach is necessary where UK statistics are not available or are
available only for a limited nhumber of years or sites. The estimates are based on published data
or the best available proxy information such as UK production, site-specific production, plant
capacity etc.

=a =

For emission factors:

I Operator: emissions data reported by operators has been used as the basis of emission
estimates and emission factors.

1 UK factors: Country-specific emissions factors based on UK research and literature sources
from UK analysis.

9 Industry: Process operators or trade associations have provided emissions data or emission
factors directly

I Estimated: Emissions have been estimated by the inventory agency, based on parameters
such as: plant design and abatement systems, reported solvent use, plant-specific operational
data.

The specific emission factors used in the calculation for all sources and pollutants for the latest inventory
can be found under the data warehouse of the NAEI website:
http://naei.defra.gov.uk/data_warehouse.php

1.5 Key Source Analysis

Table 1-8 provides an overview of the most important sources for selected pollutants reported under the
CLRTAP in the 2015 inventory submission. The sources that add up to at least 80% of the national total
in 2013 are defined as being a key source for each pollutant as per reporting guidance®.

For SOx (as SO2), and NOx (as NO3), the single dominant source is 1Ala Public Electricity and Heat
Production. Six of the seven key sources for NHs are from the agriculture sector, with 27% of the
emissions from cattle. NMVOC sources are dominated by the use of domestic solvents including
fungicides. 24% of CO emissions arise from passenger cars in the road transport sector, which has
been a dominant source throughout the time series. However the share of emissions from this sector
increased between 1990 and 2013 due to the decrease of emissions in other sectors such as
combustion of coal in the household sector.

For PMi1, PM2s and B[a]P emissions, the dominant source remains the combustion of fuel in the
residential sector (1A4bi), although the percentage contribution of that source to overall emissions has

8http://www.ceip.at/fileadmin/inhalte/emep/2014 Guidelines/ece.eb.air.125 ADVANCE VERSION reporting quidelines 2013.p
df
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decreased significantly since 1990. Sinter production in the iron and steel production sector is the
highest source for Pb and Cd emissions in 2013. There are only two key source categories for HCBs,
which are from the use of pesticides in the agriculture sector and public electricity and heat production.
The major sources for PCDD/PCDFs are combustion of fuel in the residential sector (1A4bi) and iron
and steel production.
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Table 1-8 Key NFR Sources of Air Quality Pollutants in the UK in 2013 (that together contribute at least 80% to the pollutant emission totals)

Total

(%)
1Ala 1AZ2gvii 1A4bi  1A1b

81
S0 (a5 502) 41 g09% 18.30% 11.30% 10.90%

1Ala 1A3bi  1A3bii  1A3bii 1Alc  1A2gvii  1Adbi 1A3c  1A3di  1AZ2gwvi

83
Ll 26.60% 15.70% 9.50% 6.40% 5.20% 5.00% 3.90% 3.50% 3.40% 3.30%

NH 3Da2a 3Bla 3Dal 3B1b 3Daz BA 3B3 82
3 20.10% 15.10% 12.70% 12.00% 9.20% 7.50% 4.90%

NMVOC 2D3a 2D3d 2H2 2D3i 3B1b 1B2c 1B2ai 1B2b 3B1la 1A4bi  1B2av  1BZaiv  2D3e a1
18.00% 12.90% 11.20% 6.50% 5.80% 4.20% 3.90% 3.80% 3.70% 3.00% 2.80% 2.60% 2.50%

co 1A3bi 1A4bi  1A2gvii  1A2a3 1A2gvii  2C1 1Ala 1A4bii a2
23.70% 15.30% 10.60% 10.40% 9.60% 5.00% 4.00% 3.60%
TSP 3B4gii  3Bdqi 1Adbi  3Bdagii  2A53  1A3bwi 3B3 1A3bvii  1Ala 1Adci 3Bla 3B4giv 1AZgvin  2C1 3B1b 2D3d a1
18.60% 11.40% 10.50% 5.50% 4.30% 4.10% 3.80% 3.60% 3.30% 3.00% 2.60% 2.50% 2.10% 2.10% 1.80% 1.80%
1Adbi 1A3bvi  3B4gi 1Al1a 1Adci 2A53  1A3bwi 3Dc 3B4gi  1AZ2gvin 2C1 2D3d 1A3b1 1A2gvii  1A3bil 6A 3B4giii  1A3dii 5C2
17.50% 7.20% 5.80% 5.60% 4.90% 4.60% 3.80% 3.70% 3.60% 3.50% 3.40% 3.20% 3.10% 2.40% 2.20% 1.B0% 1.70% 1.60% 1.50%
PM 1A4bi 1Adci  1A3bvi 1AZgvii  1Ala 1A3bi 2C1 1AZ2qgvii 1A3bvii  1A3bii BbA 1AZdi 2D3d 5C2 1Adcii - 1A3biii 1A3c 81
=3 25.37% 7.37% 6.15% 5.27% 5.11% 4.52% 3.71% 3.45% 3.18% 3.14% 2.52% 2.33% 2.19% 2.18% 1.86% 1.63% 1.44%

2C1  1AZ2gviii  1A4bi 1Ala 2C7c 1B1b

Component Key categories {Sorted from high to low from left to right)

leQ

Pb 44.40% 15.30% 7.60% 5.80% 5.70% 3.50% 92
" 1Ala 1A2gvii  2C1  5Cibv 2B10a 5A  1A2f  2C7c o1
9 25.70% 14.00% 11.60% 9.00% 6.60% 5.80% 4.10% 4.00%
cd 2C1  1A2gvii  1Adbi  1A3bi  1Ala  2C7c  1A3bii  1A3bii o
36.00% 11.10% 10.20% 0.00% 6.10% 4.00% 3.50% 2.00%
PCDD and  1Adbi  2C1 6A  5C2  1A2gviii  1Add o0
PCDF  21.20% 17.20% 11.90% 11.70% 9.80% 8.30%
1A4bi A  1Bib
PAH o 60% 6.20% 3.20% 92
1A1 30f
HCB s 08

50.60% 47.60%
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1.6 Quality Assurance and Quality Control, Verification Methods

This section presents the QA/QC system for the UK NAEI, including verification and treatment of
confidentiality issues. QA/QC activities ensure that the inventory is as error free as possible (QC)
reviewed by independent experts (QA) and where possible compared with independent datasets
(Verification). The current system complies with the guidance published in the EMEP/EEA Emissions
Inventory Guidebook (GB), and the more comprehensive guidance on GHG emissions inventories
(Tier 1 procedures outlined in the IPCC Good Practice Guidance). Ricardo-AEA (the inventory Agency)
is also fully accredited to BS EN ISO 9001:2008 (see Box 1 below). This accreditation provides
additional institutional standards that 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.

Box 1: BS EN ISO 9001:2008 Accreditation:

I n addition to the UKG&6s own AQPI -&pAetieilnentory hastbeed (
subject to 1ISO 9000 since 1994 and is now subject to BS EN ISO 9001:2008. It is audited by Lloyds
and the Ricardo-AEA internal QA auditors. The NAEI has been audited favourably by Lloyds on three
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 i the QA/QC Co-ordinator. Ricardo-AEA is currently accredited to BS EN ISO 9001:2008.
Lloyds Register Quality Assurance carried out a three yearly recertification audit of Ricardo-AEA in
September and October 2011. Ricardo-AEA successfully passed the recertification, with no major non
compliances, and a new certificate was issued. Ricardo-AEA is currently certificated both for the Quality
Assurance ISO 9001:2008, including TiCKIT, and Environmental Management System ISO 14001

N

standard.

The main requirements of Tier 1 are:

There is an Inventory Agency (consortium managed by Ricardo-AEA)
A QA/QC plan

A QA/QC Manager

Reporting documentation and archiving procedures

General QC (checking) procedures

Checks for data calculation errors and completeness

Reviews of methods, data sources and assumptions

Review of internal documentation

Documentation of methodologies and underlying assumptions
Documentation of QA/QC activities

=4 =4 -8 _a_98_9_9_-92_-5._-2

The current systems used by the inventory agency in preparing the UK emissions inventory comply with
the Tier 1 requirements.

syste

Source specific (tier 2) QA/ QC details, typically

where complex estimation methods (tier 2-3) have been used, are presented in the relevant sections
of this IIR Chapters 1 to 7.

1.6.1 Overview of the QA/QC system

Whilst the organisations that provide data to the NAEI have their own QA/QC systems, the inventory
agency is responsible for co-ordinating inventory-wide QA/QC activities relating to the submitted
datasets. In addition, the inventory agency works with organisations supplying data to the National
Atmospheric Emissions Inventory (NAEI) to request they demonstrate and document their own levels of
QA/QC. Where possible data providers are also encouraged to introduce QA/QC procedures that
comply with either | PCC Good Practice Guidance

An overview of the UK®&s NAEI FQue 1pCGo Fgyre 1t-8brlowa e

QA/QC activities encompass the planning of the inventory compilation (gathering and prioritisation of
feedback for improvements), the logging of any data received for use in the inventory, documentation
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of methods and assumptions applied, final internal checks comparing new and previous estimates as
well as peer and official review of the final estimates each year.

The QA/QC system includes three core components:

1. A QA/QC Plan, a set of working instructions embedded into each of the activities within the
inventory programme, which is maintained by the inventoryagency dés QA/ QC
defines the specific Quality Objectives and QA/QC activities required in undertaking the
compilation and reporting of the inventory estimates. The plan also assigns roles,
responsibilities and a timeline for completion of QA/QC activities. There is also a set of
manuals, which defines timetables, procedures for updating the database, document control,
checking procedures and procedures for updating the methodology manual.

QA/QC Plan

Objectives Activities
Goals for the quality of the General Sectoral
inventory outputs % 4
Acceptable quality Specific tests to determine if the
(IPCC & Guidebook) quality objectives are met
4 Y
Transparency
Completeness To fit a delivery timeline Assign to roles
Consistency Preparation & Revision Data Suppliers
Comparability Peer Review External Revidaam
Accuracy Compilation QA/QC Manager
Submission Sector Ex perts

GHGISC

Figure 1-6 QA/QC Plan

2. QA/QC implementation includes the physical undertaking of the QA/QC activities throughout
the data gathering, compilation and reporting phases of the annual emission estimation cycle
and in accordance with the QA/QC plan. A number of systems and tools for QA/QC
implementation are described in the sections that follow

I ing out the activities presented in
QA/QC I mplementatl gﬂﬁyand ensuring quality objectives art

Check: Data supplied Review: Data sources  Stakeholders
Calculations Methods B Independent Expert
Outputs Assumptions  GHGISC-Review

Bi-lateral (with other parties)

Figure 1-7 QA/QC Implementation
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3. Documentation and archiving which includes a) transparent documentation of all data sources,
methods, and assumptions used in estimating and reporting the NAEI. These are included in
the calculation tools used for calculating the estimates and in the GHG (NIR) and Air Quality
Pollutants (lIR) inventory reports; and b) transparent documentation of all QA/QC
implementation including records of activities undertaken, findings/issue logs,
recommendations and any necessary actions taken or planned.

Documentation &Archiving

Data & Methods Documentation QA/QC Documentation
[iatabazs of data . .
Contacts supplier & data Arecord of QA/CC activities
reqUIREMENIS, undertaken and whether quali
Database Y
- ohpecives were mat,
Referenced Data Requess
E-mal meme;  Teephone
& F =
fFi\
[iata 15 supplied checked, stored &
l referenced. Dweciory shucturs
reference codes back up.
Compilation
Compilation referenced o zource
data and calcul ation
I spreadshestz/modsls,

LK Emission Inveniory

Database
y h |
AC
GHG
Shissons  eissions
& rep-orts Eztmaies publizhed.
. . Methods documentzd n reports

and zource dats refercad,

CLRTAP UNFCCC
& NECD & EUMM

Figure 1-8 Documentation and Archiving
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1.6.2 Quality Objectives

Quality objectives are set to ensure that the estimates in the NAEI are of an acceptable quality. The
quality objectives relate to achieving Transparency, Completeness, Consistency, Comparability and
Accuracy (TCCCA):

1 Transparentin:

0 The description of methods, assumptions, data sources used to compile estimates in
internal (spreadsheets and other calculation tools) and published material (e.g. the IIR).

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

1 Complete: includes 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 and, gases and scenarios.

1 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.

1 Comparable: with other reported emission/removal estimates through use of the latest reporting
templates and nomenclature consistent with reporting requirements. Using the correct NFR
category level and consistent units for expressing mass of emissions/removals by gas.

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

As 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 (biggest contributors and/or most uncertain). The highest level of resources is usually
focused on these key categories for improvement, estimation and QA/QC activities.

1.6.3 Staff Roles and Responsibilities

To allow an effective QA/QC system to be put in place and operated, staff roles must be clearly defined.
Figure 1-9 gives an illustration of the way in which the UK emissions inventory team is organised. This
well-defined structure is designed to use the specific strengths and expertise of the individual members
in the team, and ensures that responsibilities are transparent.
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Project Management

Programme Director Knowledge

Technical Director Client Director Leaders
Delivery Managers

. Data Acquisition
Finances
Programme Manager

AQP Manager GHGI Manager

IT/Infrastructure

Pollutant Experts Sector Experts

Energy
AQ pollutants Industry
POPs Transport

Base Cations/PM/ Waste
Metals/VOCs Agriculture
Projections

LULUCF

Figure 1-9 Inventory Team Organisation and Responsibilities

1.6.4 Implementation of the QA/QC Plan

The QA/QC plan defines the planned QA/QC arrangements necessary to maintain the NAEI quality
objectives for:

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

2. Calculation of greenhouse gas estimates and reporting to UNFCCC and the European Union
Monitoring Mechanism (EUMM) (including emissions and removals from all sources and gases).

3. Calculation of estimates and reporting to UK National Statistics.

4. Maintain consistency between Air Quality Pollutant and GHG inventories: This is very important
to enable consistent data reporting across different pollutants for each source-activity, and
facilitate consistent policy analysis for changing activity or abatement impacts on GHG and air
pollutant emissions. Having one database for activity data and emission estimates ensures
consistency. The two inventories are based on selections from this core database of the
appropriate datasets.

164.1 QA/QC and Auditing Activities

Figure 1-10 gives an overview of the data flows and QA/QC activities. The process is based on the
"plan, action, monitor and review" improvement cycle. The important QA/QC elements throughout the
cycle are presented for each step.
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Meeting with Stakeholders | improve Communications |

-—

Pollutant / Sector Expert Meeting with Data Providers | Improve Data & Understanfiing
-

e e Nl ; Ensure\ccuracy & Consistenc

Pollutant / Sector Expert Methodology Review IncoLll'pora:Je E;ternal P(Ieer Rdview
-

DateAcquisition Manager

Pollutant/ Sector Expert Data Requirements Updated

-
DataAcquisition Manager Data Requests Issued | iImprove ficiencies |
-
Improvement Manager inalisati Ensurdccuracy & Consistehc
B <ocoor o Methodology Finalisation | y hey
-_—
Inventory Compiler Data Collection / Formatting | Checking ConsistenA}a&racyl
LY Y ;
Inventory Compiler Data entered into Database | Improve ficiences |
| |
Emission Estimates
Inventory Compiler Data Check | 1 7 Checki nAgcurﬁ‘dy nsi ste
L
Emission Estimates "
Pollutant / Sector Expert Data Check | 2 1 Checkin Q\CC@HWJTP lete
| |
QA/QC Manager Database
(Pollutant / Sector Expert) Data Check I 3 i Check Mﬁognpleﬁwessﬁﬁcmamd
(Inventory Compiler) -

Database Locked

Checking for Format

Data formatted for Output Completenessi&curacy

A
%ﬂg‘gg’r@g &reports | Checked by Stakeholder |

Data Checked by Defra
-

Final Data Delivery | Delivered Tome |

Figure 1-10 Data Flows and QA/QC

Stages 1 and 2: Input Data Quality

Whilst it is possible to maintain high standards of QA/QC on the processing and within systems managed
directly by the inventory agency, the quality of the input data supplied can be variable. Meeting with
data suppliers and the creation of data reporting templates and Data Supply Agreements for key data
providers allows improved understanding of the data, and improved quality control. Quality audits are
also regularly carried out to understand the QA/QC procedures data providers themselves utilise and
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the extent to which this complies with similar inventory procedures. Figure 1-11 illustrates how quality
control is extended where possible from inventory agency activities to include the input data suppliers.
The figure also indicates the auditing of the inventory agency, processes and data.

INVENTORY QUALITY CONTROL

Data Collection

‘ ] _' Stakeholder consultation
Data Supply Agreements

Raw Data
[ ] Quality Audits - most data providers

Checked
Input Data

| |
Compilation

IS0 9001 (2000) Management System

| NAE! Project Manager Project QA/QC

Quality Audits - Lioyds, Ricardo-AEA, UNECE,
UNFCC, Nafonal Audit Ofice

Archive

Figure 1-11 Auditing of the Inventory Agency, Processes and Data

Stage 3: Spreadsheet Compilation
There are a large number of QA/QC procedures which accompany this compilation stage. Each
spreadsheet used for calculating estimates incorporates:
1 aQC sheet which includes key information including the unique identifiers and the spreadsheet
version and Spreadsheet Reference Number;
Spreadsheet Name;
NAEI year;
Status;
Completion Date;
Author;
Approved by;
Approval date;
Description of contents, scope categories included, Activities, Pollutants, Years;
a list of the data sources and reference materials;
a colour-coding scheme for easy reference to data, calculations, checking cells; inter-
dependencies: whether (and how) this spreadsheet interacts with other spreadsheets and
1 results of QA/QC checks.

=4 =4 -a_a_8_8_48_-9_-2_-2

Although these spreadsheets vary considerably in their level of complexity there is a standardised
procedure for completing the calculations:

1. The sheet is completed by the assigned compiler,andsigned of f as Afinal o.
2. The sheet is then checked by a second member of the team (there is defined guidance on the
checks, which include methodology checks, logic checks, and inclusion of cross-checks and
correct formatting). Any issues arising are addressed. The sheet i s then assignec
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3. There is then a second check by a senior inventory expert, typically a Knowledge Leader or
Project Manager (with similar checks).

The sheet is then identified as being ready for uploading into the database.

A fitsusad spreadsheet Ilinks to all/l of the indivi
not only of the spreadsheet compilation, but also of which data has been uploaded to the database.

Stage 4: Database Population

The central database is able to automatically upload data from the spreadsheets. However, as part of
this upload there are a number of checks performed to ensure the data are complete, finalised and
imported correctly. Once the system has checked that the individual calculation spreadsheets are
finalised and up-to-date, the database then automatically uploads all output data from the spreadsheet
into the compilation database. These systems ensure that the data, which is loaded from the
spreadsheets into the database, is complete, and has been checked to standards as specified in the
programme. There are then additional checks on the data in the database. Once all of these checks

have been cl eared, t he dat abase i s t hen il ockedo

permissions from the project manager.

Stage 5: Reporting Emissions Datasets

Data extracted from the database typically requires formatting for formal submissions. In the case of
the CLRTAP and UNFCCC/EUMM submission, a degree of automation has been incorporated into
populating the required templates to minimise transcription errors. However, additional manual data
entry and cross-checks are necessary and used to ensure that all data is correctly exported into the
reporting templates. This ensures that the national totals agree with previously established data, and
that the memo items are correctly reported.

1.6.4.2 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 AQPI and GHGI reporting commitments.

1.6.4.3 Quality Control and Documentation

The NAEI Quality Control (checking, documentation and archiving) occurs throughout the data
gathering, compilation and reporting cycle. Figure 1-12 illustrates the process of data checks used

within the UK inventory compilation cycl e. The

does not pass until it meets the quality criteria and the appropriate checks have been performed. The
key activities that are undertaken to check the estimates include:

1. Comparison of input data with other independent datasets (if available).e.g. some datasets can be
used to check inventories and their trends. For example, production-based emission estimates are
compared with sales data to check that the trends and values are reasonable.

2. Analysis of internal inventory energy balances and other statistics assumptions against National
Statistics input data (e.g. DUKES and ONS).

3. Completeness checks. The database is checked for completeness and consistency of entry across
the different pollutants and gases. For example, combustion sources are checked for inclusion of
all relevant pollutants and the database checked for any missing estimates and appropriate use of
notation keys.

4. Version checks. The current database is cross-checked with the database that it is replacing. Any
changes to the data must be explained by methodology changes or revision of source data.

5. Time series checks. The time series of emissions are checked for step changes. Any unusual
features are checked and explained.

6. Sector checks. All sources are checked to ensure correct allocation into the SNAP, NFR and CRF
categories. Implied Emission Factors (IEFs) are checked against previous estimates and the IEF
trends are analysed to identify and explain any step-changes.
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7. Unit checks. Units of each emission are taken from the data in the compilation spreadsheets, but
these are also checked.

Data requests are checked
before being issued.
Data Collechion

Data provided is checked on
receipt: coverage, units, Sources,

-— mass balance checks, time
series, comparison against
previous year.

Raw Data

™
Spreadsheet checks allow
internal consistency of raw
data to be checked again: Checked
check sums against sub totals, Input Data
units, conversions. ™
Compilation
Spreadsheets used for
compilation are checked three
times before database entry:
method checks, time series

consisteng, energy balances,
reasons for changes vs previous
year, checks by pollutant experts,
checks by sector experts.

Checks on the database include: UK Emission Inventory
completeness checks, checks on

reporting formats, time series Database
consisteng, comparison with the
previous year's inventory. A
master data set is compiled,

AQ GHG Outputs are cross checked
pO" ut_ant gt against the master data set
emissions  EMISSIONS Checks indude sectoral and
& FEpOf‘tS & FEpUI’tS geographical coverage, mass vs
GWP reporting, total emissions
. . cross check (by gas, by sector)

CLRTAP m UNFCCC
& NECD & EUMM

Figure 1-12 Summary of the system of data checks used within the UK inventory

Checking and documentation is facilitated by specific custom data storage and handling systems
alongside procedures developed for the NAEI compilation that include:
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1. A database of cont act s (_tChngainifgcuniquelyareférencedddatt a b as e 0)

suppliers and data users, detailed data requirement specifications (including requirements for
supplier QA/QC and uncertainty information) and data supplied to and delivered from the AQPI.
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 inventory
compilation process. The contacts database also tracks all products supplied from the AQPI
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
activity data and emission factors for UK emissions estimates. These data processing tools
(spreadsheets and Database models) include QC procedures, summaries and source data
referencing within them. The QC procedures include embedded (in the tools) sector specific
checks (e.g. energy/mass balance and default emission factor checks for country specific
emission factors, and implied emission factor checking). 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 includes 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 Activity Data and Emission Factors with embedded
tier 1 QC routines (as defined at the start of Section 1.6) and data source and data processing
referencing. The database provides the quality assured data source of emission/removal
estimates used for reporting (including Common Reporting Format (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 (AQPI and GHGI) 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 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 AQPI and GHGI
are in accordance with those published in the official UK Energy Statistics from DECC;

d. Other activity data checks (e.g. production and consumption with official national
statistics).

9 A full list is included in the QA/QC plan.
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e. Implied Emission Factor checks (assessing trends in IEF and comparison with previous
submissions).
f. A consistency check between NFR output and IPCC CRF 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 and for Air Quality reporting into the
UNECE reporting templates) 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 datasets 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
reports include details of planned prioritised 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.

1.6.5 Quality Assurance and Verification

Quality Assurance and verification activities take a more independent view on the choice of inputs to
and assumptions used in the inventory estimation. 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).

This section describes a number of specific QA activities and procedures.

1.65.1 External Peer Review

There is a team of experts who sit outside of the core inventory team (which include Ricardo-AEA and
other emissions inventory knowledge leaders as well as experts from the modelling and research
communities who use inventory data). These experts are available to the project for the purposes of
Peer Review and Validation. These persons are drawn on as required, but in addition many of them
conduct studies funded from other sources which give direct feedback on the robustness of the
emi ssions inventory estimates. I n addition,

Quality Expert Group (AQEG) regularly utilises and analyses NAEI data whilst assessing policy and
science questions related to air quality. AQEG are the Expert Committee to Defra that provides
independent scientific advice on air quality, in particular the air pollutants contained in the Air Quality
Strategy (AQS) for England, Scotland, Wales and Northern Ireland and those covered by the EU
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Directives on Ambient Air Quality. Specifically AQEG gives advice on levels, sources and characteristics
of air pollutants in the UK. It does not advise on health impacts or air quality standards.

1.6.5.2 Bilateral reviews

The UK also has a programme of bilateral and external peer reviews which is managed as part of the
improvement programme. Bilateral reviews are initiated with other countries as a means to learn from
good practice on 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 (see Table 1-9).

Table 1-9 Summary of Peer and Bilateral Review Activities
Review |Date Sector or |Reviewer/ Summary
type source Participants
Peer 2002 Fuel T Simmons This review provided recommendations, which have now
review Combustion been implemented, including: an improved method for
aA) estimating emissions from domestic and international civil
aviation and a review of the proportion of recycled lubricants
burnt.
Peer 2005 Adipic  acid | Defra, AEA, | The review included: plant design, abatement design,
review production plant operators, | abatement  efficiency and  availability, = emission
(2B3) the Met Office | measurement techniques, historic stack emission datasets
and data to support periodic fluctuations in reported
emissions. These discussions clarified the relationship
between annual emission totals reported by the plant
operators and emissions verification work conducted by the
Met Office The meeting prompted exchange of detailed
plant emissions data and recalculation of back-trajectory
emission models.
Bilateral |July 2008 |Agriculture |French The objectives of the review were to develop emissions
4 inventory team |inventory capacity in collaboration with France, and to
provide elements of expert peer review to meet quality
assurance requirements. The focus was primarily on GHG
emissions, but the activities were also relevant for AQ
emission estimates. Specific activities undertaken included
sharing good practice between the UK and France and the
development of ideas for efficient future technical
collaboration.
Peer 2012 All, except|EC Technical | The UK made minor revisions as recommended by this
review sector 5 Expert Review |review for lime production and burning of biomass for
Team energy to address underestimates, and for Dairy Cattle to
address an overestimate. The review also presented
another 20 recommendations for the UK to consider.
Bilateral May 2014 |Energy, German UK took part in a bilateral review with the inventory agency
Industrial inventory team |from Germany. Scope was broad but focussed on high-
processes, emitting priority sectors for both countries across Energy,
Waste Industrial Processes and Waste.
1.6.5.3 Annual user feedback

Ricardo-AEA also includes specific improvement feedback from the wider user community including
users of data for air pollution modelling and Local Authority review and assessment work.

1654

Stakeholder Consultation with Key Data Providers

The inventory agency manages an annual programme of stakeholder engagement meetings and
engages in detailed discussions with Key Data Providers to help ensure that the inventory is using the
best available data. The stakeholder engagement plan encompasses a programme of face to face
meetings with data providers, research organisations, Government Department and Agencies,
regulators and academia, as well as numerous emails and phone calls each year. The programme of
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meetings, calls and emails is aimed at raising the profile of the NAEI work programme and identifying
new research that may lead to new data for the NAEI, but also importantly it enables targeted
discussions to seek resolution of inventory improvements or to obtain data clarifications (e.g. regarding
the scope or quality of source data provided to the inventory agency). Regular and important stakeholder
consultations include:

Department of Energy and Climate Change

1 The inventory agency held a meeting with the DECC energy statistics team that produces the
Digest of UK Energy Statistics to discuss what changes (to both activity and methodology) were
expected in the 2014 publication of the statistics, and to clarify some outstanding queries. Some
of the most significant changes were related consultations with the inventory agency on
investigations made in the previous year, including to iron & steel and non-energy use (NEU) of
fuels.

1 Following the meeting mentioned above, follow up meetings with the DUKES team were held
to understand the change in methodology to NEU of fuels, in particular refinery feedstock, and
how those changes in DUKES methodology could be replicated for the entire time-series (in
DUKES the time series was only revised back to 2008).

1 As in previous years, data discrepancies between DUKES and EU ETS for the refinery sector
were noted and resolved through consultation with the DECC DUKES team, EU ETS regulators
and checked against data provided by the refinery sector trade association, UKPIA.

i Consultation with the DECC Offshore Inspectorate to discuss access to EU ETS data,
information on the data quality checking and operator reporting system (e.g. EEMS reporting
guidance), and to explore any options to access information regarding oil and gas blowouts.

Department for Transport

1 The inventory agency had a meeting with the Department for Transport (DfT) Traffic Statistics
team to review and update the use of DfT transport activity data within the inventory
methodology.

Department for Environment, Food and Rural Affairs

Regular consultation with Defra is undertaken on data gathering and provision for estimates in the
waste, water, agriculture and LULUCF sectors as well as for gathering data on specific environmental
events and land cover.

Environmental Regulators

1 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 Environmental 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.

1 Asinprevious years we have been contacting Environmental Regulators to clarify discrepancies
between the Pollution Inventory (Pl) and EU ETS, and other data sources.

1 Because of the increasing responsibilities of NRW, which is taking over the roles of the EA in
Wales, the inventory agency has had a number of consultations with NRW regarding the support
required from them.

Other data providers

1 The inventory agency has had discussions with a wide range of industry contacts, primarily in
industries related to the use of solvents, chemicals and pharmaceuticals, seeking data (mainly)
on emissions of VOCs, nitrous oxide and F-gases including: ABPI, BASA, ECSA, FESEPA and
VBRA.

1 Consultation with the Food and Drink Federation to seek available production data across a
range of sector products, and to explore access to data regarding waste management and
waste water treatment.

1 Consultation with gas network providers to request additional information on the UK gas
distribution and transmission system (in particular pipeline lengths). Several data revisions have
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been implemented by the inventory agency as a result of clarifications of data previously
reported by the gas network operators, leading to more accurate UK estimates for gas leakage
as well as gas compositional data.

1 Consultation with UKPIA regarding carbon emission factor data for petroleum fuels in response
to review questions. This led to a number of further meetings including with the EA Pl team, the
International Institute of Applied Systems Analysis (IIASA) team in Austria and JRC.

1.6.55 Verification

Defra has an ongoing air pollution mapping and dispersion modelling programme which makes
extensive use of emissions inventory data for comparison with ambient concentrations measured at an
extensive network of air pollution sites. These activities compare emissions with ambient concentrations
and deposition estimates and provide some independent verification activities for air quality pollutants.

The UK6és inventory programme includes verificati

from the air pollution science and modelling communities who use specific inventory information to
analyse and interpret ambient measurements. The activities usually focus on specific sources or
pollutants and require use of the spatially resolved inventory. In recent years, the focus has been on
road transport emissions where time-series trends in emissions or pollutant ratios have been compared
with trends and ratios in roadside concentrations. These have been used to highlight discrepancies in
the trends for NOx (as NOz) emissions from road transport, suggesting problems with the factors used
for recent Euro standard diesel cars. An example of this is the report by Carslaw et al (2011). Better
agreement has been found in the trends for NMVOC emissions from traffic.

Furtherlong-t er m research is carried out by universi
research also uses inventory information to interpret observations of air pollution concentrations
measured at specific locations, sometimes close to sources, or from tall towers where urban flux
measurements are made and compared with inventory data. An example of such research is the
LondonClearf | o proj ect . A member of the inventory
Group (AQEG) where there are opportunities to bring important research findings and inventory
information together and discussed in relation to important air quality policy issues. The work of AQEG
helps to highlight important verification issues and enables Defra to prioritise future research on
emissions, measurements and inventory improvements.

1.6.5.6 Inventory Improvement Programme (UK and Devolved
Administrations)

New information needs to be regularly assessed to ensure the inventory is accurate and up-to-date. The
AQPI and GHGI estimates are updated annually and incorporate as many improvements to methods,
data and assumptions as possible. This annual revision of the full time-series ensures that the inventory
reflects the latest scientific understanding of emission sources and removals, and that a consistent
estimation methodology is used across the full time-series. Continuous improvement of the inventory is
delivered through a process of review of inventory data followed by a programme of targeted research,
data gathering and/or revisions to methods and data sources. Improved understanding of the science
and policy relating to GHGI and AQPI is also greatly enhanced through participation in related
international activities. The improvement programme is managed through maintenance of an on-going
iliveo | ist of comment s, i mprovements and pro
inventory cycle or through external review or international activities. Internal, external and international
review findings as well as uncertainty analysis provide the means for justifying and prioritising
improvements. Defra are responsible for improvements to the AQPI and DECC for the GHGI.
Improvements on activity data that improve both AQ and GHG emissions are jointly owned but will be
led by one or other of the departments. Specific activities that feed into the improvement programme
include:

1 Participation in technical national and international projects, workshops, conferences and
meetings (including TFEIP/CLRTAP meetings, EU projects, working groups and guidance
writing, UNFCCC negotiations, provision of expertise to the UNFCCC and UNECE inventory
review, expert participation in the European Topic Centre on Air and Climate Mitigation).

1 On-going data collection and inventory compilation.
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On-going stakeholder consultation including specific improvement feedback from the wider user
community including users of data for modelling and Local Authority review and assessment
work.

Assessment of results from the annual uncertainty assessments.

Recommendations from external and internal review.

Inconsistencies identified in verification work.

In recent years, the improvement programme implemented a number of specific consultations, bilateral
reviews research projects and analysis to improve the inventory estimates reporting for the NAEIL. These
include:

1

A programme of stakeholder consultation with trade associations, process operators and
regulators to resolve specific issues such as verification/updating of individual assumptions used
in methodologies, gap filling etc. (see above).

Analysis of EU ETS data for UK and DA inventories to separate emissions of traded and non-
traded emissions;

Iron and Steel sector estimates. Consultation with DECC DUKES, ISSB and Tata Steel led to
improved data access for detailed activity and emissions data from integrated steelworks and
improved reconciliation of industry energy data against the UK energy balance in DUKES. The
research has led to a number of activity data corrections and re-allocations, where the industry
information helped to identify mis-allocations or gaps in the DUKES data. The research also
enabled greater resolution of data reported through EU ETS, leading to improved understanding
of fuel use and emissions within the individual sources across the integrated works. This has led
to a number of minor revisions to source estimates alongside a large improvement in data quality
through improved completeness, accuracy, time-series consistency and transparency.

PMio emissions from small regulated industrial processes: Improvement of the methodology
for PM1o emissions from processes regulated under Local Authority Pollution Prevention and
Control (LAPPC), which were previously very uncertain estimates based on use of emission
factors developed in the mid-1990s and expressed in terms of emission per process.

Periodic review of emission factors for small combustion plant, particularly for pollutants
such as NOx as NO2, CO, PMio & POPs.

NMVOC emissions from adhesives use and cleaning solvents: Improvement of the
methodology for estimation of NMVOC emissions from adhesives use and cleaning solvents,
paying particular attention to improving the estimation of solvent abatement and providing more
detailed sectoral breakdowns.

Feedstock vs combustion of Other Petroleum Gas (OPG): The inventory agency consulted
with the DECC DUKES team, EU ETS regulators, site-specific regulatory contacts (Site
Inspectors, Process Engineers), and directly with plant operators to assess the source and scale
of the emissions. Through this research, new activity data for chemical and petrochemical
industry use of OPG was estimated across the time series (reported under 1A2c). As in previous
years, data discrepancies between DUKES and EU ETS for the refinery sector were noted and
resolved through consultation with the DECC DUKES team, EU ETS regulators and checked
against data provided by the refinery sector trade association, UKPIA;

Coke oven coke, shipping fuel use and bunker definitions: Additional consultation with the
DECC DUKES team clarified data management within the UK energy statistics compilation
system for coke oven coke, shipping fuel use and bunker definitions, to ensure correct use of
DUKES data within the NAEI;

Onshore oil and gas terminals and offshore installations: Consultation with the DECC
Offshore Inspectorate, oil and gas sector contractors and individual site operators resolved data
gaps and inconsistencies within reported emissions data for onshore oil and gas terminals and
offshore installations. These resolved differences including discrepancies from the EU ETS and
EEMS emission reporting systems. Access to the detailed EU ETS dataset for offshore oil and
gas installations has enabled the inventory agency to improve the accuracy of source allocation
of emissions for the sector;
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1 Road traffic data: Specific consultation with the Department for Transport Traffic Statistics team
has secured the provision of anonymised Automatic Number Plate Recognition data to
compliment vehicle counts and potential new data on vehicle speeds;

1 Rail: Consultation with the Department for Transport has secured improved data from their new
Rail Emissions Model for updating the rail emissions inventory.

1 Waste water treatment and sewage sludge treatment and disposal: Consultation with Defra
and the water industry regulator (OFWAT), the Environment Agency and water and sewerage
companies in the UK has led to improvements in activity data and emissions data provision for
waste water treatment and sewage sludge treatment and disposal. The inventory agency met
with Carbon Managers from most of the UK water companies via the UK Water Industry
Research forum and has procured activity and emissions data from more water companies to
improve the completeness of estimates in the latest inventory. New information and reports
obtained from Defra and the Environment Agency have enabled new estimates of emissions
from industrial waste water treatment to be compiled across the time series;

1 Incineration and Landfill: Research with the EA and Defra has progressed our understanding
of the data availability for landfill methane flaring and use in gas engines. More research is
needed to develop these new data and determine whether any revisions to UK assumptions /
factors on methane utilisation should be considered in future inventory estimates. Currently the
dataset is too limited to be regarded as representative of UK landfill activity.

1 Natural gas distribution: Consultation with natural gas distribution network operating
companies to: (i) obtain new data on the estimated gas leakage from the transmission system to
improve inventory transparency, (ii) a review of the time series of gas leakage through the
distribution network to address a step-change in the previous inventory time series to improve
the accuracy and consistency of the inventory time series, and (iii) to obtain new data on actual
(rather than weather-corrected) annual gas demand through all of the regional distribution
networks, in order to improve the accuracy of the aggregated UK estimates for natural gas
composition;

1 Limestone and dolomite use: Consultation with the Mineral Products Association, British Glass
and the British Geological Survey to review data inconsistencies on national activity data for
limestone and dolomite use, access sector-specific production statistics and therefore to derive
improved activity data for several industry sectors;

1 Renewable energy consumption (including biomass): Consultation with the team that
compiles the RESTATS database, which informs the DUKES renewable energy statistics for the
UK, to compare the scope and data sources that underpin the national statistics on biomass and
biofuels against data provided directly by industry-specific publications and datasets.

1 Coal Mine Methane: Consultation with colliery operators and UK Coal, combined with review of
annual reports on coal mine methane use in the UK have led to a small revision in the estimates
of methane recovery and emissions in recent years. Previously the inventory estimates were
based on data from mines that accounted for around 80% of UK production, and this consultation
has enabled a more complete, representative UK dataset to be used in the inventory;

1 Devolved Administration solid and liquid fuels: A review of energy data reporting from across
the UK sought new data sources for solid and liquid fuel use, aiming to identify information that
are sectorally and/or geographically resolved, in order to help inform improvements to the UK
sector allocations and also the Devolved Administration inventory totals. This research included
consultation and review of reports published by
brokers, local councils, the Climate Change Agreements (a national policy reporting mechanism
operated by DECC), the National Housing Model, Welsh Government research into gas network
expansion and fuel poverty;

1 Shale Gas: The inventory agency conducted a review of available literature to support any future
requirements in the UK to develop emission estimates from new AQ and GHG emission sources
that may arise through future development of unconventional (shale) gas resources in the UK.
This review encompassed an assessment of new emission sources associated with shale gas
exploration and production, the appropriate data reporting requirements in the UK inventory,
including: source allocations, activity data needs, available emission factor data and associated
uncertainties, anticipated responsibilities and reporting expectations of different UK
organisations.
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1 Off-road machinery activities: A review was undertaken with stakeholders to get a better
understanding of the population, usage and engine size for certain types of machinery used in
construction which led to a revision in the amount of fuel consumption by these sources.

1 Shipping and inland waterway activities: Discussions with the DUKES petroleum statistics
team and UKPIA combined with research by Entec led to a review in the procedures for allocating
marine fuel consumption between domestic and international shipping. Further research was
done by the inventory agency to gain insight into the population and activities of inland waterway
vessels so that a bottom-up method could be used to estimate emissions from these sources.

1.6.5.7 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 National Inventory Steering Committee (NISC) but also include
international projects that members of the inventory team have participated in. The list below highlights
some recent examples of these activities.

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

2. Knowledge sharing with Chinese energy statisticians on emissions trading and energy and
emissions statistics. This included a UK Inventory expert taking a seminar on this topic, involving
approximately 30 Chinese statisticians.

Knowledge sharing with the Russian statistical agency that compiles the inventory for Russia.
4. Capacity building activities in South Africa in the agricultural sector.

Capacity building activities in Saudi Arabia i assistance with the production of their second
National Communication and suggestions for the improvements of their greenhouse gas
inventory.

6. Work with the Malta Environmental Protection Agency to set up a National Inventory System to
produce both greenhouse gas and air quality pollutant inventories.

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

8. 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
emissions, working from provincial and facility-level data.

1.6.6 Treatment of Confidentiality

Much of the data necessary to compile the UK inventory are publicly available. However, some of the
industrial production data are commercially sensitive, such as cement production and adipic acid
production. For these sectors, whilst emissions data are reported openly, the activity data are not
reported in the NFR templates.

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 information obtained from the analysis of
this data is suitably aggregated before it can be explicitly reported in the NFR templates or the IIR.

The UK Informative Inventory Reports from the 2008 IIR onwards?®, and estimates of emissions of air
quality pollutants, are all publicly available on the web; see http://naei.defra.qgov.uk/

10 Earlier versions of the IIR can be found on EIONET (http://cdr.eionet.europa.eu/gb )
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1.6.7 Uncertainty Assessments

A Tier 2 uncertainty analysis for national estimates of NAEI pollutants is carried out using a Monte Carlo
technique. As summarised in Figure 1-13 the uncertainty analysis identifies ranges of uncertainty for
each source for both the emission factor and the activity statistic. Each uncertainty range will also be
associated with a probability distribution.

Fuel/Activity Uncertainty Emission Factor Uncertainty

Emission Uncertainty

| Probability Distribution
Frequency
Min Max \alue

R

Range
Distribution
Types /\

| Normal | Lognormal Uniform | Triangular
Figure 1-13 lllustration of Uncertainty Assessment Techniques

This determines the impact of uncertainty of individual parameters (such as emission factors and activity
statistics) upon the uncertainty in the total emission of each pollutant. All analyses are consistent with
the | PCC and EMEP/ EEA good practice guidance.
by source sector and by pollutant. Results of the uncertainty analysis are also used to plan the
programme of inventory improvement.
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1.7 Uncertainty Evaluation

Uncertainty information is not intended to dispute the validity of the inventory estimates, but to help
prioritise efforts to improve the accuracy of inventories in the future and guide decisions on
methodological choice (IPCC Good Practice Guidance (2000)). The EMEP/EEA 2013 guidebook
requires Member States to undertake an uncertainty assessment of the national totals of each pollutant
reported under LRTAP.

Evaluation of uncertainty is carried out by a Monte-Carlo uncertainty assessment as indicated in Section
1.6.7.

Quantitative estimates of the uncertainties in emission inventories are based on calculations made using
a direct simulation technique, which corresponds to the methodology proposed in the latest EMEP
Guidebook (EMEP 2013b) produced by the UNECE Taskforce on Emission Inventories. This work is
described in more detail by Passant (2002). Uncertainty estimates are shown in Table 1-10. These
estimated uncertainties are one of the indicators used to guide the NAEI improvement programme and
with the aim of reducing uncertainties in the NAEI.

Table 1-10 Uncertainty of the Emission Inventories for pollutants covered under the NAEI
(excluding GHGs)

Pollutant Estimated Uncertainty %
Carbon monoxide -20 to +30
Benzene -20 to +30
1,3-butadiene -20to +30
PMio -20 to +50
PM2.s -20 to +50
PMzi.0 -20 to +50
PMo.1 -20 to +50
Black Carbon -20 to +50
Black smoke -30 to +50
Sulphur dioxide +/- 4
Nitrogen oxides +/- 10
Non-Methane Volatile Organic Compounds +/- 10
Ammonia +/- 20
Hydrogen chloride -30 to +>50
Hydrogen fluoride? -30 to +>50
Arsenic +/- >50
Cadmium -30 to +>50
Chromium -50 to +>50
Copper +/- >50
Lead -30 to +40
Mercury -30 to +50
Nickel -40 to + >50
Selenium -30 to +40
Vanadium -30 to +30
Zinc -40 to + >50
Beryllium +/- >50
Manganese +/- >50
Benzo[a]pyrene +/- >50
PCDD/PCDFs +/- >50
Polychlorinated biphenyls +/- >50
Pentachlorophenol +/- >50
Hexachlorocyclohexane +/- >50
Hexachlorobenzene +/- >50
Short-chain chlorinated paraffins +/- >50
Pentabromodiphenyl ether +/- >50
Polychlorinated naphthalenes not estimated

2 Assumed to be same as for hydrogen chloride (see text below for discussion)
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1.71 Ammonia

Ammonia emission estimates are more uncertain than those for SOx as SOz, NOx as NO2 and NMVOC
largely due to the nature of the major agricultural sources. Emissions depend on animal type, age,
weight, diet, housing systems, waste management and storage techniques. This large number of
impacting factors makes interpretation of experimental data difficult and emission estimates uncertain
(DOE, 1994). Emission estimates for non-agricultural sources such as wild animals are also highly
uncertain. Unlike the case of NOx as NOz and NMVOC, a few uncertain sources dominate the inventory
for NHs and there is limited potential for error compensation.

1.7.2 Carbon monoxide

Carbon monoxide emissions occur almost exclusively from combustion of fuels, particularly by road
transport. Emission estimates for road transport are moderately uncertain, as measurements are quite
limited on some vehicle types and emissions highly variable between vehicles and for different traffic
situations.

Emissions from stationary combustion processes are also variable and depend on the technology
employed and the specific combustion conditions. Emission estimates from small and medium-sized
installations are derived from emission factors based on relatively few measurements of emissions from
different types of boiler. As a result of the high uncertainty in emission data for major sources, emission
estimates for CO are much more uncertain than other pollutants such as NOx (as NO2) and SO« (as
SO2) which are also emitted mainly from major combustion processes. Unlike the case of NOx (as NOz)
and NMVOC, a few sources dominate the inventory and there is limited potential for error compensation.

1.7.3 Nitrogen oxides

NOx (as NO2) emission estimates are less accurate than SOx (as SO:) because, although they are
calculated using measured emission factors, these emission factors can vary much more with
combustion conditions; emission factors given in the literature for combustion sources show large
variations In the case of road transport (1A3b) emissions, while the inventory methodology takes into
account variations in the amount of NOx (as NO2) emitted as a function of speed and vehicle type,
significant variations in measured emission factors have been found between vehicles of the same type
even when keeping these parameters constant.

From the above, one might expect the NOx (as NOz2) inventory to be very uncertain, however the overall
uncertainty is in fact lower than for any pollutant other than SOx (as SO2) for a number of reasons:

1 While NOx (as NO2) emission factors are somewhat uncertain, activity data used in the NOx (as
NO2) inventory is very much less uncertain. This contrasts with inventories for pollutants such
as volatile organic compounds, PMio, metals, and persistent organic pollutants, which contain
a higher degree of uncertainty in source activity estimates.

1 The NO«x (as NO2) inventory is made up of a large number of independent emission sources
with many of similar size and with none dominating. This leads to a large potential for error
compensation, where an underestimate in emissions in one sector is very likely to be
compensated by an overestimate in emissions in another sector. The other extreme is shown
by the inventories for PCP, HCH and HCB where one or two sources dominate and the
inventories are highly uncertain.

1 Many of the larger point-source emission sources make up the bulk of the UK estimates, and
these are commonly derived from continuous emission measurement data and hence are
regarded to be good quality.

1.7.4 Non-Methane Volatile Organic Compounds

The NMVOC inventory is more uncertain than those for SOx (as SO2) and NOx (as NOz). This is due in
part to the difficulty in obtaining good emission factors or emission estimates for some sectors (e.g.

Ricardo-AEA 58



Introduction

fugitive sources of NMVOC emissions from industrial processes, and natural sources) and partly due to
the absence of good activity data for some sources. Given the broad range of independent sources of
NMVOCs, as with NOx (as NOz), there is a high potential for error compensation, and this is responsible
for the relatively low level of uncertainty compared with most other pollutants in the NAEL.

1.7.5 Particulate Matter Estimates

The emission inventory for PMuo is subject to high uncertainty. This stems from uncertainties in the
emission factors themselves, and the activity data with which they are combined to quantify the
emissions. For many source categories, emissions data and/or emission factors are available for total
particulate matter only and emissions of PM1o must be estimated based on assumptions about the size
distribution of particle emissions from that source. This adds a further level of uncertainty for estimates
of PM1o and, to an even greater extent, PM2s and other fine particulate matter.

Many sources of particulate matter are diffuse or fugitive in nature e.g. emissions from coke ovens,
metal processing, or quarries. These emissions are difficult to measure and in some cases it is likely
that no entirely satisfactory measurements have ever been made, so emission estimates for these
fugitive sources are particularly uncertain.

Emission estimates for combustion of fuels are generally considered more reliable than those for
industrial processes, quarrying and construction. All parts of the inventory would need to be improved
before the overall uncertainty in PM could be reduced to the levels seen in the inventories for CO2, SOx
as SO2, NOx as NO2 or NMVOC.

1.7.6 Sulphur Dioxide

Sulphur dioxide emissions can be estimated with the most confidence as they depend largely on the
level of sulphur in fuels. Hence, the inventory, which is based upon comprehensive analysis of coals
and fuel oils consumed by power stations and the agriculture, industry and domestic sectors, contains
accurate emission estimates for the most important sources.

1.7.7 Heavy Metals

Among the metal inventories, those for selenium, vanadium and lead are currently judged as least
uncertain, followed by the inventories for cadmium, mercury, nickel, manganese and zinc. Those for
chromium, arsenic, copper, beryllium and tin are the most uncertain. This ranking of the inventories
reflects the relative contributions made by sources that can be estimated with more certainty, such as
emissions from fuel combustion and chemicals manufacture, compared with the contributions made by
sources for which estimates are very uncertain, such as burning of impregnated wood

1.7.8 Persistent Organic Pollutants

Inventories for persistent organic pollutants (POPs) are more uncertain than those for gaseous
pollutants, PM1o, and metals. This is largely due to the paucity of emission factor measurements on
which to base emission estimates and the complexity of dealing with POPs as families of congeners
(PCDD/PCDFs, PCBs, PAHS). The issue is further exacerbated by a lack of good activity data for some
important sources, for example small scale waste burning. The inventories for polychlorinated biphenyls
and hexachlorobenzene are less uncertain than those for other persistent organic pollutants; however
the overall uncertainty is still high.

1.8 Assessment of Completeness

The NAEI uses a range of internationally agreed notation keys to indicate where there are
methodological or data gaps in the inventories of pollutants, and where emissions are estimated but
included elsewhere in the inventory instead of under the expected source category. The correct use of
these notation keys ensures the NAEI is reported in a transparent manner, and facilitates the
assessment of the completeness of the NAEI.
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1.8.1

Not Estimated

Introduction

The UK inventory does not currently estimate NMVOC from 1Bla (Fugitive emission from solid fuels:
Coal mining and handling), 2A5a/b/c and 2D3c due to lack of raw data. Activity data are not available
for these sources but they are expected to be minor activities and emissions small as a result. However,
we will continue to keep these sectors until review, in case suitable data should become available.

SOx as SO: from 1Bla and NHs from 5C1bv (Cremation) are also marked as not estimated, however,
no emission factors are given for either in the 2013 version of the EMEP/EEA Guidebook and so the
notation key in both cases will be changed for the next inventory version to NA, in line with the guidance

in the 2013 Guidebook that emission factors for these pollutants are not applicable.

1.8.2

Included Elsewhere

Emissions of sources that are unspecified within the NFR disaggregation for a specific sector are

reported as IE. Table 1-11 lists all sources included in these categories.

Table 1-11 Explanation to the Notation key IE

NFR code Substance(s) Included in NFR code
1A3ei NOx (as NOz), SOx 1Alc
(as SO2) , NMVOC
1A4aii All 1Ad4ai
1A5a All 1A5b
1A5b NHs 1A3eii
1Blc All 1B1b
1B2aiv SO« (as SO2) 1B2ai
1B2av SOx (as SO») 1B2ai
2B10b NOx (as NO2), SOx 2B10a
(as SO2) , NH3
2C2 All 1A2a, 2C1 and 2A3
3B4d NMVOC 3B2
3B4giii NMVOC 3B4gii
5B2 All 6B (Memo Item)
5C1bi All 5Cla
1.8.3 Other Notation Keys
ANAO (not applicable), and ANOO (not
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Explanation of Key Trends

2. Expl anation of Key

21 UK Emission Trends for key sources

This chapter discusses the latest estimates of the emissions of selected pollutants from large sources
of pollutants in the NAEI, and discusses the trends in these emissions. The pollutants considered are
the NECD pollutants (SOx as SOz, NOx as NO2, NMVOC, and NHz) and additionally PM1o, PMz25, CO
and a range of metals. Emissions of PMzs are presented because emissions reduction commitments
are included in the revised Gothenburg protocol. The sources considered are power generation,
residential and commercial, industrial processes, transport, agriculture and finally, waste. The
discussion of the magnitude and trends in emissions for each source concentrates on those pollutants
where emissions are substantial from the source, or there have been large changes in the trend in
emissions over time. The text highlights where there have been significant changes in emissions
between 1990 and the latest reported inventory year. A wide range of legislation and activities have
affected emissions of these pollutants, and these are listed and discussed. The chapter starts with a
discussion of the trends in emissions of NECD pollutants, and then moves on to discuss the latest source
specific emissions and the trends in those emissions.

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

Further information and analysis on the emission trends of all pollutants reported under the CLRTAP
are available on the NAEI website (http://naei.defra.gov.uk/). The website also provides access to more
detailed NAEI data, including emission factors and emission maps for key pollutants.

The geographical coverage of the emissions reported to LRTAP covers the United Kingdom and
Gibraltar.

211 Trends in the NECD set of Pollutants

Figure 2-1 shows the time series of UK emissions of SOx as SOz, NOx as NO2, NMVOC, and NHs from
1990 to 2013. The emissions of NHsz are much smaller than those of SOx as SOz, NOx as NO2 and
NMVOC and so they are presented on a separate axis. Emissions of SOx as SO2 have declined
substantially since 1990 and reached their lowest point in 2011; however, emissions have risen in 2012
due to increased consumption of coal at the expense of natural gas as a fuel in power stations.
Emissions of NMVOCs are now at their lowest since 1990. Emissions of NHsz have declined steadily
since the mid-1990s, reaching a minimum in 2013.
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Total UK Emissions of SOx (as SOF), NOx (as NO,), NMVOCs and NHF,
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Figure 2-1 Total UK emissions of SOx (as SO3), NOx (as NO), NMVOC, and NHs;, 1990 - 2013

Table 2-1 shows the percentage changes in the emissions of NECD pollutants since 1990, and
summarises the key factors and legislation responsible for the reductions in emissions. The impacts of
these factors and legislation are discussed in greater detail, according to source, in the sections below

this table.

Table 2-1

Changes in emissions of NECD pollutants since 1990

Pollutant

% change
from 1990 to
2013

Key factors and legislation driving the decline in emissions

SOx (as SOz2)

-89%

UK National Air Quality Strategy

Directive on Integrated Pollution Prevention and Control (IPPC) (Directive
2008/1/EC)

Directive on industrial emissions 2010/75/EU (IED)

UK Pollution Prevention and Control (PPC) regulations

Large combustion plant directive (LCPD, 2001/80/EC)

Limiting sulphur emissions from the combustion of certain liquid
fuels by controlling the sulphur contents of certain liquid fuels
(Directive 1999/32/EC)

LRTAP convention which includes measures to combat the effects of SO2
Reductions in the quantities of coal burnt

Introduction of CCGT power stations

Implementation of flue gas desulphurisation at some power stations

= —a

= —a —a —9

NOx
NO2)

(as

-65%

UK National Air Quality Strategy

Directive on Integrated Pollution Prevention and Control (IPPC) (Directive
2008/1/EC)

Directive on industrial emissions 2010/75/EU (IED)

UK Pollution Prevention and Control (PPC) regulations

New air quality directive (Directive 2008/50/EC)

E N

= —a —a
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Explanation of Key Trends

% change
Pollutant | from 1990 to | Key factors and legislation driving the decline in emissions
2013
1 Implementation of the large combustion plant directive (LCPD,
2001/80/EC)
9 Series of Euro standards to limit vehicle tailpipe emissions, e.g. Euro 5 and
Euro 6 Regulation (EC) No 715/2007
9 LRTAP convention which includes measures to combat the effects of NOx
as NO2
1 Reductions in the quantities of solid and liquid fuels burnt
1 Improvements in combustion technology of solid, liquid and gaseous fuels
leading to reductions in emissions, most notably trends in the power sector
to fit low-NOx burners, increase the use of nuclear and CCGT generation
in the UK fuel mix, and retrofitting coal-fired power stations with Boosted
Over-Fire Air systems to reduce NOx formation.
1 UK Pollution Prevention and Control (PPC) regulations
9 Directive on Integrated Pollution Prevention and Control (IPPC) (Directive
2008/1/EC)
91 Directive on industrial emissions 2010/75/EU (IED)
1 Solvents Directive (99/13/EC)
NMVOC -70% 1 New air quality directive (Directive 2008/50/EC)
1 Series of Euro standards to limit vehicle tailpipe and evaporative emissions,
e.g. Euro 5 and Euro 6 Regulation (EC) No 715/2007
1 UK National Air Quality Strategy
T LRTAP convention which includes measures to combat the effects of
NMVOCs
1 UK Pollution Prevention and Control (PPC) regulations
9 Directive on Integrated Pollution Prevention and Control (IPPC) (Directive
2008/1/EC)
9 Directive on industrial emissions 2010/75/EU (IED)
NHs 21% 1 Water pollution by discharges of certain dangerous substances (Directive
76/464/EEC)
1 Revised Gothenburg UN/ECE Protocol to abate acidification,
eutrophication and ground level ozone (ECE/EB.AIR/122/Add.1,
decisions 2013/3 and 2013/4)
 LRTAP convention which includes measures to combat the effects of NH3
21.2 Power Generation

Power generation (NFR 1Ala) was a key source for emissions of SOx as SO2, NOx as NO2, CO, TSP,
PMio, PM25s, Pb, Hg, Cd and HCB in 2013. However, there has been a substantial reduction in the
magnitude of all these emissions from this source between 1990 and 2013 apart for HCB (see Table
2-2). Emissions of HCB have increased significantly between 1990 and 2013 due to the sharp increase
in total municipal solid waste (MSW) used to generate electricity.

Table 2-2 Power Stations: Sector share of UK emissions total in 2013 and Trends from 1990 to
2013
Pollutant |[NFR Code |% of total emissions in 2013 |% change from 1990 to 2013
SOx as|1Ala 40% -94%
SO2
NOx as|1Ala 27% -65%
NO:2
CcoO 1Ala 4% -30%
TSP 1Ala 3% -91%
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Pollutant |[NFR Code |% of total emissions in 2013 |% change from 1990 to 2013
PMaio 1Ala 6% -90%
PMzs 1Ala 5% -87%
Pb 1Ala 6% -98%
Hg 1Ala 26% -83%
Cd 1Ala 6% -97%
HCB 1Ala 51% 733%

Figure 2-2 and Figure 2-3 show the emissions of a range of pollutants emitted from power stations
between 1990 and 2013. The emissions for all the pollutants show substantial declines across the time
series apart from HCB, due the increase in municipal solid waste (MSW) burned at power stations in
2013 compared to 1990. Note that both charts use two Y-axes and pollutants are assigned to an axis
depending on the relative magnitudes of their emissions. The emissions in Figure 2-2 are presented in
k tonnes and those in Figure 2-3 are presented in tonnes.
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Explanation of Key Trends

Figure 2-3 Total UK Emissions of Pb, Cd and Hg from power stations

Prior to 1989, the decline in emissions of SOx as SO2, NOx as NO2z, CO, PMio and PM2s was mainly due
to the increased use of nuclear plant to supply electricity, and improvements in the efficiency of fossil
powered plant. Since 1988 the electricity generators have adopted a programme of progressively fitting
low NOx burners to their 500 MWe (megawatt electric) or larger coal fired units, and since 2007 a
programme of fitting over-fire-air burners has further reduced NOx (as NOz) emissions from the sector.
Since 1990, the increased use of nuclear generation and the introduction of CCGT (Combined Cycle
Gas Turbine) plant burning natural gas have further reduced NOx emissions. The emissions from the
low NOx turbines used are much lower than those of pulverised coal fired plant even when low NOx
burners are fitted at coal plant. Moreover, CCGTs are more efficient than conventional coal and oil
stations and have negligible SOx emissions; this has accelerated the decline of SOx as SOz emissions.
The reduction of particulate emissions is also due to this switch from coal to natural gas and nuclear
power electricity generation, as well as improvement in the performance of particulate abatement plants
at coal-fired power stations. The installation of flue gas desulphurisation at Drax and Ratcliffe and other
power stations has reduced SOx as SO2 and particulate emissions further. Emissions of SOx as SOz,
NOx as NO2, CO, PMio, PM25, Pb, Cd and Hg showed a slight increase in 2012. This is due to the rise
in the consumption of coal by the electricity supply sector. Despite this recent increase, power station
emissions are expected to fall further, primarily as a result of a continuing reduction in electricity
generation using coal, with gas-fired stations, nuclear plant, and renewable fuels being used instead.

213 Residential and Commercial Sectors

Residential combustion was a key source for emissions of SOx (as SO2), NOx (as NO2z), NMVOC, CO,
TSP, PMio, PMzs, and Cd, Pb and POPs (PCDD/PCDFs and PAH) emissions during 2012. However
there has been a substantial reduction in the magnitude of all these emissions from this source between
1990 and 2013 (see Table 2-3).
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