UK Informative Inventor
Report 1990 t02018)

Richmond B, Misra A, Brown P, Karagianni E, Murrells T, Pan
Passant N, Pepler A, Stewart R, Thistlethwaite G, Turtle L, Wakeling D, Walker C, v
J(Ricardo Energy & Environment)

HobsonM, Gibbs MAether)
MisselbrooKT (Rothamsted Research)

Dragosits U, Tomlinson SKCEH)

March 2020

Ricardo Energy & Environment



Executive Summary

Executive Summary

This is the 18 Informative Inventory Report (IIR) from the WNéational Atmospheric Emissions
LY@Syi(i2NRE oO0b!9LO tNRINIYYSP ¢KS NBLER2NI FFO002YLI Y
revised EU Directive 2016/2284/EU on National Emissions Ceilings {NEBG0Qhe Gothenburg

Protocol under the United Nations Econon@dommission for Europe (UNECE) Convention on-Long

Range Transboundary Air Pollution (CLRTAP). It contains detailed information on annual emission
estimates of air quality pollutants by source in the UK from 1990 onwards. Emission estimates are
presented inthis report for a large number of pollutants, focusing on the pollutants that must be

reported under the NECD and the CLRTAP.

The scope of emissions reported undee A.RTAP covers anthropogenic emissions to atmosphere
from the UK and Gibraltar from sores defined under th€LRTAP Reporting requirements unde

the revised NECQwhich entered into force on 31 December 2016) are closely aligned with those of
the A.RTAP, including a common scope of reporting of pollutant inventdries UK submission to
the NECPand the CLRTARcomprises annual emission estimates presented in Nomenclature for
Reporting NFR1®format, for:

1 Nitrogen oxides (N(as NQ)), carbon mongide (CO), ammonia (N} sulphur dioxide
(S (as S©Q), nonmethanevolatile organic compounds (NMVOCS), particulate matter
(PM), persistent organic pollutants, and heavy metals (1990 to 2018).

Both the NEC Directive and thetBenburg Protocol to the UNECERTAP set 2020 (and 2030 under
the NECD) emission reduction cotitmments for NQ, SQ, NMVOCs, Nd-and PMs. The existing 2010
emission ceilings for NONMVOC, N¥and SQas agreed in thearlier NEC Directive 2001/81/B6d
Gothenburg Protocol remain in place until 2020 when they will be superseded by the 202@emiss
reduction commitmentsin 2019, he UK Governmergublishedits Clean Air Strategywhich set out
how it will work towards theseambitious new emission reduction commitments. The emission
projectionsreported heretake account of measures in placefasas that is possible, given the data
available, but do not reflect measuréscluded inthe Clean Air Strateggr National Air Pollutant
Control Programme (NAPCP).

An overview of emissions frod®90-2018by source sector for each of these pollutants is provided in
Figure E®:-1through toFigure ES-4. The codes accompanying the definition of each source category
in these figures refer to the NFR19 codes for the source sectors shown.

1 The NECD has been transposed into UK law via the 232/280®pean Union (National Emission Ceilings) Regulations 2018

2 See https://eur-lex.europa.eu/legatontent/EN/TXT/PDF/?uri=CELEX:32016L2284&fromfeENnformation on the NEC Directive
(2016/2284/EV).

3 See http://www.ceip.at/ms/ceip_homel/ceip _home/reporting_instructions/reporting programmebr reporting requirements of
estimating and reporting emissions data under the CLRTAP.

4 https://www.gov.uk/government/publications/cleafir-strateqy2019
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Figure E®-1 Total UK Emissions by Source Sectors of Oxides of Nitrogenx (RO NQ),

19902018
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Figure E®-2 Total UK Emissions by Source Sectors of Ntethane Volatile Organic
Compounds (NMVOCs)9902018
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Figure E®-3 Total UK Emissions by Source Sectors of Sulphur Dioxide €30SQ), 1990
2018.
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Figure E®-4 Total UK Emissions by Source Sectors Ammonia(Ni9902018
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Total percentage reductions in emissions of these pollutants t880-2018are summarised ifiable
ESO-1.

Table E®-1  Air Quality Pollutant Emission Reductions between 1990 and 2018

Pollutant % Change fromi990 to 2.8
NGO (as NQ) -73%
SQ (as S -96%
NH: -14%
NMVOC -712%
CO -79%
P Mo -53%
PMs -54%

The emissios inventory makes estimates of all anthropogegigissions tahe atmosphere at the
highest level ofsource sectordisaggregation possible. Estimated emissions are allocated to the
correspondingNFR19 codesHowever, in accordance with international geiithe$ on emissions
inventory reporting, there are a number of known sources that are excluded from the inventory
emission estimates:

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

1 Theinventory refers only to primary emission sources (as per international guidelines).
Consequently, sources such asstespension of particulate matter from road dust or data
on secondary pollutants formed by atmospheric transformation of primary air @oitat
(such as tropospheric ozone) are not included in the national totals (although estimates
for some resuspension terms are made).

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

T 94aGAYIFGSRY RFA HVYIYHie SYrAaarzya addzOK a FTNRY
memo items (excluded from the UK national totals).
National totals reported for the UK in the CLRTAP and the United Nations Framework Convention on
Climate Change (UNFCCC) submissidies decausdhe sources included in the national totals differ
under the CLRTARNd the UNFCQe€porting guidelines. The histodttimeseries of emissiordata
from the 2018 inventorngubmitted underthe CLRTAP and the NECD are identical.

5 http://www.ceip.at/ms/ceip_homel/ceip home/reporting instructions/reporting pgramme/
8Includes the United Kingdom (England, Scotland, Wales, Northern Ireland) and Gibraltar only
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Thepurpose 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 u2®d8 with analysis bthe timeseries
trends for each pollutant;

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

4. Provide other supporting information pertinent to theBCD and CLRTAP data submissions.

Information contained in this report is derived from the UK National Atmospheric Emissions Inventory
(NAEI) emissions inventory programme, which includes the UK Greenhouse Gas Inventory, used for
reporting to the UNFCCChd compilation of the inventories for the pollutants reportedder the

NECD, 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 NECD and CLRTAP submission. The latest emission factors used to compile emissions
estimates and the estimates themselves will be made avaikthéps://naei.beis.gov.uk/data/efall

in spring 2020. The complete 2020 UK NECD and CLRTAP submission templates are available from the
NAEI website and from the European Environment Information anci®ason Network (EIONET)

under the following folders respectively:

1 https://cdr.eionet.europa.eu/gb/eu/nec revised/

9 https://cdr.eionet.europa.eu/gb/un/clrtap/

Emission trends for key source sectare given and discussed in Cha@ewhilstrevisions in source
data or estimation methodology are summarised for eBéfR19 sourcgector in repectivechapters.
The NAEI is subject to methodology revisions on an annual Wékishe aim of improving overall
completeness and accuracy of the inventayd some of the planned improvements that were
outlined within the previous Informative InventoReport (190 to 2017 have been addressed in the
2020 submissionsPlanned improvements for future national inventory compilation cycles are
discussedt the end of each Chapter on each NFR19 source sector.

Table E®-2 compares overall emission estimates for each pollutant betwi#en2019and 2020
(current) submissions, summarising any differences in emisfiortke calendr year 201 between
the two submissions that are associated with methodological improvements or source data revisions.

Ricardo Energy & Environment 7
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Table E®-2 UK Inventory Recalculationgomparing emissions data for calendar year 2017 between tB819 and 2020 CLRTARECDSubmissions
Values have been rounded.

Pollutant

2019
Submission
2017

2020
Submission
2017

2020
Submission
2018

Units

(%change
for 2017
values)

Comment/Explanation (changes between the
2019 and 2020 CLRTARBbmissions)

NO (as NQ)

873.39

869.67

823.04

kt

-0.4%

The recalculation within the rail sector, in particu
the revision of the Emission Factors (EFs) of d
multiple unit (DMUSs), resulted in a reduction
overall NQemissions. For the calendar year 2012
reduction accounted for an 8 kt decrease compare
flrad eSIFNRa Ay@Syidz2Ne
exceeds the 2010 NECD ceiling for the calendar
2012. The exceedance in the calendar year 201(
exists in the latest inventory.

CO

1533.64

1531.24

1525.33

kt

-0.2%

Emissions are overall slightly lower in the Iaf
inventory, mainly due taupdated CO EFs for mopsg
and motorcycles from the 2019 version of f
EMEP/EEA Guidebook.

NMVOC

806.86

791.27

804.06

kt

-1.9%

The most significant revision has been the use
newly acquired data from Euromonitor for nd
aerosol personal care aritbusehold products, whig
result in reductions in emission estimates for thg
products of 4.8 kt for 2005 and 15.4 kt for 2017.

SQ(as S

172.88

174.50

159.75

kt

0.9%

Total UK emissions of SChave not change
significantly in the latest submission. Ove
emissions for the calendar years 2016 and 2017
slightly higher compared the previous invent
submission, mainly driven by revisions to UK en
statistics (DUKES), notably for coalmdad in
industrial sectors.
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Pollutant

2019
Submission
2017

2020
Submission
2017

2020
Submission
2018

Units

(%change
for 2017
values)

Comment/Explanation (changes between the
2019 and 2020 CLRTARBbmissions)

NHs

282.76

277.94

276.43

kt

-1.7%

Recalculations are driven by revisions to the act
data supplied by UKCEH, which affect agricultural
waste sectors. Further revisions come from charj
to the activity data inDUKES and the inclusion
domestic chickens in NFR 6 (Other: domestic pets

TSP

398.87

414.48

413.78

kt

3.9%

Emission estimates for construction have increass
the current inventory mainly due to the incorporati
of updated road length statistics dm DfT ang
inclusion of similar statistics for Northern Ireland
the first time. Revisions to ONS statistics
construction of dwellings also increase emissions.

PMuo

169.35

172.94

174.98

kt

2.1%

Revisions to the raw data used to -calcul
construction emissions had a varying impact
different years and, for example, this led to a relatiy
large increase in emissions in both 2005 and 2017
much smaller increases in some years such as
and 2015. Recalculations for industrial combust
railways and tobacco use were more uniform, W
increased emissions for the latter and decrea
emissions for the other two.

PM s

105.87

104.95

106.89

kt

-0.9%

There have been significant revisions to many sec
For 1A2 & 1A3, where the recalculations have b
primarily for industrial combustion of biomass 4
trains respectively, the estimates have decreag
Emission estimates have increased though for
and 2, due to revisions for domestic combusti
agricultural combustion, fishing vessels, construc
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Pollutant

2019
Submission
2017

2020
Submission
2017

2020
Submission
2018

Units

(%change
for 2017
values)

Comment/Explanation (changes between the
2019 and 2020 CLRTARBbmissions)

and tobacco use. Overall emissions are margi
higher for 2005 but slightly lower for most years sir|
including 2017.

BC

19.12

17.96

17.88

kt

-6%

Emissions in the latest inventory are lower by 1.1
for the calendar year 2017 due to recalculatig
primarily for industrial combustion of biomas
construction and trains respectively.

Pb

94.61

95.63

92.83

tonnes

1.1%

No significant recalculations. Emissions revis
slightly upwards due to incorporation of additional
Pollutant Release and Transfer Register (PRTR
Scottish Pollutant Release Inventory (SPRI) da
well as updates to PRODCOM data for W
processing (NFR 2I).

4.05

3.88

4.05

tonnes

-4%

Revision driven by changes to DUKES for biom43
other industrial combustion.

Hg

3.98

4.03

3.95

tonnes

1.2%

No significant recalculations.

As

14.97

15.04

14.60

tonnes

0.5%

No significant recalculation&€missions have sligh
increased for 2017 due to revisions to underly
DUKES, PRODCOM and PRTR data.

Cr

36.56

36.15

36.33

tonnes

-1.1%

No significant recalculations.

Cu

270.79

270.29

269.27

tonnes

-0.2%

No significant recalculations.

Ni

103.25

97.78

98.02

tonnes

-5.3%

Recalculations due to revised assumptions for ele
arc furnaces and further DUKES revisions
petroleum coke used for other industrial combust
and fuel oil used in combustion in food, drink &
tobacco industries.

Ricardo Energy & Environment
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2019 2020 2020 (%change .
. . . : Comment/Explanation (changes between the
Pollutant Submission Submission Submission Units for 2017 2019 and 2020 CLRT/&Rbmissions)
2017 2017 2018 values)
Revisions to 2017 are mainly due to a reduction f
Se 10.49 862 5.08 —— 17.8% glectrlc a.rc furnaces, which was caused by
incorporation of some data that was below t
reporting threshold in the pollution inventory.
Zn 465.76 463.33 459.61 tonnes -0.5% No significant recalculations.
PCB 525.12 527.76 512.23 kg 0.5% No significant recalculations.
P(.:D.D/PCDF 178.04 177.53 178.72 grams TE(-0.3% No significant recalculations.
(dioxins /furans)
No significant recalculations. Emissions the la
inventory are slightly higher in the current inventd
0
benzo(ajpyrene | 7.66 7.70 8.06 tonnes 0.5% due to updates to the underlying DUKES data (W
used in residential combustion).
No significant recalculations. Emissions in the I3
benzo(b) inventory are slightly higher in the current inventd
6.91 6.96 7.31 t 0.7% :
fluoranthene onnes ° due to updates to the underlying DUKES data (W
used in residential combustion).
benzo(k) 2.87 2.89 3.01 tonnes 0.7% No significant recalculations.
fluoranthene
Indeno (1,2,2cd) 4.45 4.47 4.65 tonnes 0.5% No significant recalculations.
pyrene
Small recalculation of the second largest se
'‘Agricultural pesticide use chlorothalonil use'. Th
value for 2017 is not available and as such was
HCB 36.05 36.98 39.78 kg 2.6% filled using the 2016 and 2018 value this year.

@8SINRa HamT OFfdzS 61 &in
the absence of actual data, i.e. 2016 and 2017 V
identical.

Ricardo Energy & Environment
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The National Atmospheric Emission Inventory is prepared by Ricardo Energy & Environment under the
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Industrial StrategyBEIS)

Technical enquiries should be diredtto: UK policy enquiries should be directed to:
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Ricardo Energy & Environment Head ofEmissions Science

30 Eastbourne Terrace, 2nd Floor Air Quality and Industrial Emissions

London Environmental Quality

W2 6LA Department for Environment, Food and Ru

Affairs (Defra
Email: Anne.Misra@ricardo.com ( )

Ground Floor, Seacole Building, 2 Marsham Str
London, SW1P 4DF

E-mail: agevidence@defra.qgov.uk

For nonagriculturaland nonrcombustionemission sources, Nlgmission estimates and Nishapping
information are provided by the Centre for Ecology and Hydrolod§ZEH) Edinburgh.

NH; emissions from agriculture are providéal Defra under a separate contract by a consortium led
by Rothamsted Research in Okehampton, Devon.

A copy of this report and related documentation may be found on the NAEI website maintained by
Ricara Energy & Environmeiin behalf oBEISand Defra https://naei.beis.gov.uk/

Ricardo Energy & Environment is a trading name of RieaEi Ltd.
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I Glossary

Emission Units

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

1 NQ.emissions are quoted in terms of N&s mass of NO
I SOx emissions are quoted in terms of SOx as mass of SO

9 PCDD and PCDF are quoteckimrs of mass but accounting for toxicity of the mixtures of
congeners. This is the International Toxic Equivalents for dioxins and furans-SBIQ)I
The concept of TEQ is explained further in the UNEP Toolkit (UNEP 2013).

9 Pollutant emissions are quoteas mass of the full pollutant unless otherwise stated, e.g.
NH; emissions are mass of h&hd not mass of the N content of the NH

Table E®-3 Abbreviations for Chemical Compounds covered in the UK Air Quality Inventory

Chemical Name Abbreviation
Nitrogen Oxides NQ.as NQ
Sulphur Dioxide SQas SQ
Carbon Monoxide (6{0)
Non-Methane Volatile Organic Compound NMVOC
Black Smoke BS

Black Carbon BC
Particulates < 16m PMo
Particulates < 2.5m PMs
Particulates < tm PMwo
Particulates < 0.tm PMoa
Total Suspended Particulates TSP
Ammonia NH:
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 B[a]P

Ricardo Energy & Environment 13



Chemical Name Abbreviation
Benzo[b]fluoranthene B[b]F
Benzolk]fluoranthene B[K]F
Indeno(1,2,3cd)pyrene [[123-cd]P
Polychlorinated dibenzoep-dioxins/ | PCDD/PCDF
Polychlorinated dibenzofurans

Polychlorinated Biphenyls PCRB
Hexachlorocyclohexane HCH
Pentachlorophenol PCP
Hexachlorobenzene HCB
Shortchain chlorinated paraffins SCCP
Polychlorinated Naphthalene PCN
Polybrominated diphenyl ethers PBDE
Sodium Na
Potassium K

Calcium Ca
Magnesium Mg

Ricardo Energy & Environment
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Introduction

1 Introduction

This chapter provides an overview dietmanagement and delivery of the Wlational Atmospheric
Emissiondnventory (NAElprogramme, including:

1
1

Sectionl.1summarises the scope of the inventory and the reporting requirements.

Section 1.2 describes the institutional arrangements that underpin the inwent
activities.

Sectionl.3 summarises the process of inventory preparation, providing an overview of
data management throughout the annual invengaycle.

Sectionl.4provides a summary of compilation methods and inventory input data.

Sectionl.5 provides the results from a key category analysis. This identifies the sources
which make the most important contributions to the emissions totals and trends.

Section1.6 summarises the inventory QA/QC system, including insight into inventory
data quality objectives, key QA/QC activities and the roles and responsibilities within the
invertory team.

Sectionl.7 summarises the results from the uncertainty analysis across a range of the
pollutants in theNAEI

Sectionl.8 gives amoverview of the completeness assessment that is conducted every
year.

1.1 NationallnventoryBackground

1.1.1 UKInventory Reporting Scope: Pollutants & Timeseries

The UKNational Atmospheric tgissionsInventory (NAEI)comprises annual pollutant emission
estimates from 1970 to the most current inventory year for the majority of pollutants. A number of
pollutants are estimatednly from 1990 or 2000 to the most current inventory year due to the lack of
I RSljdzr S RFEGFE LINRA2NJ G2 GKS&S RIGS&asx odzi GKAa
complete submission under the Convention on L-&ange Transboundary Air Poiaurt (CLRTARNd
EU National Emission Ceilings Directive (NETH®) pollutants that are reported to the CLRTakid
NEC[are highlighted inTablel-2. Black Carboand nine heavy metals areported on a voluntary

basis.

Inclusion ofadditionalpollutants in the inventory is usually a resultraw legislation that sets limits
on total emissions and/or requirdhe reporting ofquantitative informationon pollutant emissions
Further, the UK government talea pro-active approach toeview and enhance where necesséng
scope of theNAE] in order to support research and UK policy developmgde Sectiord.2 on the
Institutional Arrangements for Inventory Preparation).

As a resultthe NAEldata setincludes emission estimates of pollutants which are not currently
required by international or national reporting obligations, but which are of use to the research
community. For examplehe UK compiles emission inventoriies base cationgsodium, potasium,
calcium and magnesium), emableair pollution modellerdo better recreate realworld atmospheric
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processesandto generate more accurate estimates for the impact of acidic gases on human health
and the environment. The scope of pollutants that @ompiled in theNAElare listed inTablel-1.

The NAElis subject tocontinuous improvementPotential mprovements 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 ldientoryAgency expertsis part of the routine annual
compilation processA list of potential improvements is thecompiled and reviewed by the UK
Government, thdnventory Agency and other stakeholders every six to twelve months to generate a
prioritised list of improvementtasks Improvementsmay then be implemented (depending on
resources) in time for the next iemtory cycle.

Tablel-1 Scope of NAEI Reporting: Pollutants by Type, Timeseries

Pollutant Reported under In.ventory Type of
CLRTAP/NECD | Timeseries Pollutant?

Nitrogen Oxides Y, 19702018 gASS AC, IGH

SulphurDioxide \% 19702018 NAQS, AC, IGH(

Carbon Monoxide \% 19702018 NAQS, O, IGHG

NonMethane  Volatile  Organi Vv 19702018 NAQS, O, IGHG

Compounds *

Black Smoke 19702018 NAQS

Black Carbon \Y 19702018 -

Particulates < 16m \% 19702018 NAQS

Particulates < 2.5m \% 19702018 NAQS

Particulates < frm 19702018 -

Particulates < 0.frm 19702018 -

Total Suspended Particulates \% 19702018 -

Ammonia V 19802018 AC, E

Hydrogen Chloride 19702018 AC

Hydrogen Fluoride 19702018 AC

Lead \Y 19702018 NAQS, TP

Cadmium Vv 19702018 TP

Mercury ** \% 19702018 TP

Copper \ 19702018 TP

Zinc Vv 19702018 TP

Nickel ** Vv 19702018 TP

Chromium ** Vv 19702018 TP

Arsenic Vv 19702018 TP

Selenium Vv 19702018 TP

Vanadium 19702018 TP

Beryllium 20002018 TP

Manganese 20002018 TP

Tin 20002018 TP

Polycyclic Aromatic Hydrocarbons 1 V 19902018 TP

PCDDs and PCDFs Y, 19902018 TP

Polychlorinated Biphenyls * \% 19902018 TP

Hexachlorocyckhexane (HCH) 19902018 TP
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Pollutant Reported under In.ventor.y Type of
CLRTAP/NECD | Timeseries Pollutant?
Pentachlorophenol 19902018 TP
Hexachlorobenzene \% 19902018 TP
Shortchain chlorinated paraffins 19902018 TP
Polychlorinated Naphthalene NE TP
Polybrominated diphenyl ethers SE TP
Sodium 19902018 BC
Potassium 19902018 BC
Calcium 19902018 BC
Magnesium 19902018 BC
1 An explanation of the codegused for timeseries: ; o o o 3 A
SE Ioa{Ay3AtS 9vYAdarzyé y2i IGGNROdiSR G2 I aLISOAFAO &Sk NI
NE ab2i 9adAYl GSRE

2 An explanation of the codes used for pollutant types:

O Ozone precursor NAQS  National Air Quality Standard/Local Air Quality Management pollutant

AC Acidgas TP Heavy metals and POPs are generally referredito a ¢ 2 EAtCR £ € dzii | Y
BC Base cation (although other pollutants also have toxic properties)

IGHG Indirect Greenhouse Gas E Eutrophying pollutant

3 Total HCH is dominated by lindane, an organochlorine chemical variant of HCH that has been used as an agricultura.insecticid

* The inventory also rmkes 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 International Reporting Requirements: NECD and CLRTAP

The UKAIr Pollutant Inventoryprogramme(which is part of the NAEI programme)anaged by the
Department for Environment, Food and Rural Affairs (Defra), is responsible for submitting the official
UK emissions datasets to tl&uropean Commission under the NE&1d to the UNECE Secretariat
under theCLRTAP.

The NEC2016/2284EUY, which entered into force on 31 December 2016, sets emission reduction
commitments (ERC$&r each Member State for the totalngissions of N©Q SQ, NMVOC, Nand
PMsin 2020 and 2030. The existing 2010 emission ceilings fgrNND/OC, NiHand SQ as agreed

in the earlier NEC Directive 2001/81/@d Gothenburg Protocol, remain in place until 2020 when
they will be superseded by the 2020 ERTse NECDpollutants cantribute to acidification and
eutrophication of ecosystems whilst also playing a major role in the formation of grewetlozone.

EU Member States are required to prepare and annually update national emissions inventories for
theseand a number of otheair pollutants.

The 2020 NAEI submissiaghows the UK is compliant with @010 EU and international emission
ceilingsfrom 2011 onwardsThe UK Government published its Clean Air Str&ieg®019 setting out
how it will work towards its 2020 and 20ERCs.

The2020NECD submission uses the latest CLRTAP reporting templates (as requested by the European
Environment Agencyjncluding a common scope of reporting of pollutant inventoaesl similar
reporting timeframe, as shown ihablel-2.

The deadlines for NECD and CLRTAP are as follows:

1 Emission inventories 15" February 2017 and every year thereafter

1 Informative Inventory Report (1IR)15" March 2017 and every year thereafter
1 Emission projections 15" March 2017 and every two years thereafter
1

Spatiallydisaggregated emissions (gridded emissiang§' May 2017 and every four years
thereafter (CLRTAP only)

1 Large point source (LPS) ennss ¢ 15'May 2017 and every four years thereafter (CLRTAP
only)

CLRTAP

There are several protocolsnder the CLRTAP, which require national emission estimates to be
NELR2NISR 2y |y LFyydzadt oFarad ¢KS Y2aGp2$E @y yKdsS
protocol (the secalled Gothenburg Protocol agreed in November 1999 and revised in 2014), but there

are also reporting requirements included in the Heavy Metals Protocol and Persistent Organic
Pollutants Protocol. Th@020 NAEI submissioto the NECD and Gothenburg Protocolshaeen

compiled in line with the revised Gothenburg Protocol Guiddhce

The pollutants required for reporting under the CLRaA&the NEChre listed inTablel-2 below.

7 http://ec.europa.eu/environment/air/pollutants/ceilings.htm

8 https://www.gov.uk/government/publications/cleasir-strateqy2019

9Under the CLRTAP, Parties are required to update their projections and report them every four yeatStfrdviarch 2015 onward. The
UK voluntarily reports projected emissions on a yearly basis.
http://www.ceip.at/fileadmin/inhalte/emep/2014_Guidelines/ece.eb.air.125_ADVANCE_VERSION_reporting_guidelines_2013.pdf

Ricardo Energy & Environment 34


http://ec.europa.eu/environment/air/pollutants/ceilings.htm
https://www.gov.uk/government/publications/clean-air-strategy-2019
http://www.ceip.at/fileadmin/inhalte/emep/2014_Guidelines/ece.eb.air.125_ADVANCE_VERSION_reporting_guidelines_2013.pdf

under the CLRTAP and NECD

Introduction

Table1l-2 Summary of annual reporting requirements for estimating and reporting emissions

Group Pollutant Required reporting | Reported years in
years 2020 UK
submission
Nitrogen Oxides
Sulphur Dioxide
Main Carbon Monoxide . . 1990: reporting year 19902018
Pollutants | Non-Methane Volatile Organi{ minus 2
Compounds
Ammonia
Particulates < 1&m
Particulate | Particulates < 2.5m . ZQOOc reporting year 19902018
Matter Total Suspended Particulates | minus 2
Black Carbon (voluntary)
Priorit Lead ,
Heavyy Cadmium 19_90C reporting years 19902018
minus 2
Metals Mercury
Copper(voluntary)
Zinc (voluntar
Other Niciél ?vlcj)ll}itiiy) 1990¢ reporting year
Heavy - . 19902018
Metals Chromium (voluntary) minus 2
Arsenic (voluntary)
Selenium (voluntary)
Benzo[a]pyrene
Benzo[b]fluoranthene
Persistent | Benzo[K]fluoranthene 1990¢ reporting year
Organic Indeno(1,2,3cd)pyrene minus 2 19902018
Pollutants | PCDD/PCDFs
Polychlorinated Biphenyls
Hexachlorobenzene
Activity
data by 1990( reporting year 19902018
source minus 2
category
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Emission Projections arbatially Referenceata Submissions:

Every two years, starting in 2017, under the NECD, EU Member States must report projected emissions
for key pollutants SONG, NMVOC, N§IPM s, and BC if available, for the years 2020,5288d 2030

and, where available, also for 2040 and 2050. In contrast, projections for the same pollutants and
years must be reported to the CLRTAP every four years (starting in 2015). The UK voluntarily reports
the emission projections on an annual badite latest UK emission projections take account of
measures in place as far as that is possible, given the data available, but do not reflect measures
included in the Clean Air Strategy.

Starting in 2017, EU Member States must report spatially allocateidsions (gridded data) and
emissions from large point sources every four years as defined in Section A of Annex VI to the CLRTAP
Reporting Guidelines. As requested by the Centre on Emission Inventories and Projections (CEIP) the
gridded emissions do notclude emissions from largeoint sources, which are reported separately.

As these data were reported in 2017 the UK will not be reporting updated gridded data in its 2020
submission.

A summary of the 2 yearly andy£arly reporting requirements, and theklprovision, is included in
Tablel-3 below.
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Table1l-3 Summary oftwo yearly andfour yearly reporting requirements for estimating and
reporting emissions under the CLRTARd the revised NECD

Reported years in
the 2020 UK
submission

Required reporting

Group HOLTIE years starting in 2017,

SQ as S@ NQ as
NG, NH, NMVOC
CO, PMy, PM>5, Ph,
Cd, Hg,
PCDD/PCDFs, PAL
HCB, PCBs

SQ as S@ NQ as
NG, NHR, NMVOC,
CO, PMy, PM>5, Ph,
Cd, Hg,
PCDD/PCDFs, PAL
HCB, PCBs

Gridded data in the
new EMEP grid (0.1
x 0.1° longat)

Every four years fo
reporting year minus
2 (%2) as from 2017

Not required to
report in 2020

Emissions  from
largepoint sources
(LPS)

Every four years fo
reporting year minus
2 (%2) as from 2017

Not required to
report in 2020

NECD report every
two years from 2017
onwards, for yearg
2020, 2025, 2030
SQ as S@ NQ as| (2040 and 2050 i
NG, NH, NMVOC] available)

PM s, BC| CLRTAPreport every
(voluntary) four years from 2015
onwards, for vyearg
2020, 2025, 2030
(2040 and 2050 i
available)

L Reported for the .
Quantitative p . Voluntary reporting
projection target year

information on . ) of 2020, 2025, 203(
and the historic yeal

Voluntary reporting
of 2020, 2025, 203(
emissions of al
pollutants including
BC

Projected emissions

parameters .| emissions of al
. e chosen as the starting . .
underlying emissior pollutants including
. year for the
projections BC

projections

Table 14 to Table 36 providea summary of the emission targets set under the NECDzatidenburg
Protocol.Based on the current 2018 inventory, the UK met all of its 2010 targets and all subsequent
years with the exception for NQOfor the year 2010. bder both the NECD and Gothenburg Protocol

an adjustment mechanism has been establishedaddress some of thissues associated with the
incorporation of additional sources or revised methods within emissions inventafies national
emission reduction commitmentsave been set. For the 2020 submission, the UK has submitted an
updated version of its approved 20 inventory adjustment application for N@ee further details in
Chapter 1@; Adjustment).
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Table1l-4 Comparison of UR018national emissions with2010NECDand Gothenburg Protocol
emission ceilings for UK

Pollutant NHs NOx as N@ SOx as SO NMVOCs
UK NECD 2010 Ceiling, kilotonnes 297 1167 585 1200
ii(l)olt(())nn;othenburg Protocol  Ceilir 297 1181 625 1200

UK 2018 National Total, kilotonnes 276 823 160 804
Percentage of NECD 2010 ceiling, % [93% 71% 27% 67%

Table1l-5 Comparison of UR018national emissionsvith 2020NECD andothenburg emission

targets (Emission values have been rounded)

NO.(asNQ) | ¢ a  (as NMVOC
Pollutant NHs (exclude 3B SQ) (exclude 3B| PM;s
and 3D} and 3D}
2005 National Total, kilotonnes 278.97 1699.28 772.95 1059.98 124.47
2018 National Total, kilotonnes 276.43 796.36 159.75 702.98 106.89
Emission reduction commitment 8% 55% 59% 32% 30%
2020 target, kilotonnes 256.66 764.68 316.91 720.79 87.13
Progress to date towards 2020 reductions 11% 97% 134% 105% 47%
E_mlssmn reduction required from 201 1977 31.69 0.00 0.00 19.76
kilotonnes
Projected 2020 National Total, kilotonnes 284.30 703.46 119.19 692.26 96.83
E_xceedance @loramount below, 2020 targets 27 64 61.21 197.72 2853 9.70
kilotonnes

Tablel-6 Comparison of UK 2018 national emissions with 2030 NECD emission targets (Emission

values have been rounded)

NGO (as

NO,) NMVOC
Pollutant NHs (exclude SQ (as SQ | (exclude 3B| PM:s

3B and and 3D}

3Dy
2005 National Total, kilotonnes 278.97 1699.28 772.95 1059.98 124.47
2018 National Total, kilotonnes 276.43 796.36 159.75 702.98 106.89
Emission reduction commitment 16% 73% 88% 39% 46%
2030 target, kilotonnes 234.34 458.81 92.75 646.59 67.21
Progress to date towards 2030 reductions | 6% 73% 90% 86% 31%
Emssmn reduction required from 201 42.09 33756 67.00 56.40 3967
kilotonnes
Projected 2030 National Tot&ilotonnes 283.18 530.24 92.21 645.75 91.42

Ricardo Energy & Environment

38



Introduction

NGO (as
NOy) NMVOC
Pollutant NHs (exclude SQ (as SQ | (exclude 3B| PMus
3B and and 3D}
3Dy
Exceedar_lce of or amount below, 2030 148.84 71.44 -0.55 -0.83 2421
targets, kilotonnes

aThe 2020 and 2030 emission targets have been calculated using the 2005 emissions of the current inventory submissianeagahe b
5The NMVOCs and Nfigures quoted in this column include emissions from 3B and 3D, which are the currently reported national totals for
NOcand NMVOCs consistent with the Defra national statistics (TaBjedd the recent NECD/CLRTAP submissions in Febr2iy 2Bis

isto be in line with the reporting requirement for the current (2010) emission ceiling.

¢Under the revised NECD, NMVOCs andedssions from 3B and 3D are not accounted in the National Total for the purpose of complying

with the 2020 (or 2030) emissiondaction commitments.

4NR = not relevant

In addition to the reporting under the NECD and the CLRTAP, the National Atmospheric Emissions

Inventory (NAEl)reports GHG emissions to the United Nations Framework Convention on Climate
Change (UNFCCC). Thisto comply with UNFCCC reporting requirements and Kyoto Protocol
commitments on behalf of the UK Government. There are some differences betweestadpe of

emissions that must beeported for each of the NECD, CLRTAP and UNFCCC. The major differences

between the source sector coverage are highlighteddble 1-7, although there are also differences

in the geographical coverage (s8ection 1.1.4).

Table1-7 Scope of UK Emissions Inventory Reporting under the CLRTAP, NECD and UNFCCC

Sector category

CLRTAP/NECD (included)

UNFCCC (included)

Domestic aviation (cruise)

No

Yes

International aviation (LTO)

Yes

No

1.1.3 Emission Sources Reported in thAEI

In principle, thedNAEImakes estimates of aBHG and air pollutargmissions tahe atmosphereat the

highestlevel of disaggregation possible. Howevieraccordance withinternational guideline® on

emissionsinventory reporting, there are a number of known sourcéet are excluded fronthe

inventoryemission estimates

9 Natural sources are not included in the national totals (although estimates of some

sources are madenly anthropogenic emission sources are reported.

1 The NAElreports only primary source emissions to atmosphere (as per international
guidelines). Consequently, -suspension of particulate matter is not included in the
national totals (although estimatefor some resuspension terms are made) or any

secondary pollutants, such as tropospheric ozone.

9 Cruise emissions from civil and international aviation are not included in the national
totals (only estimates from landing and takéf (LTO) for civil and iatnational aviation

are included in the national totals).

T 9aiAYFiSa 2F ALYGSNYFGA2Y I ¢

items (i.e. excluded from the UK national totals).

Uihttps://www.gov.uk/government/uploads/system/uploads/attachment _data/file/681445/Emissions _of air_pollutants_statistical releas

SYraarzy

e _FINALvA4.pdf

http://www.ceip.at/fileadmin/inhalte/emep/2014 Guidelines/ece.eb.air.125 ADVANCE VERSION reporting guidelines 2013.pdf
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Assessing the completeness of the emissions inventory,fendge of validation studies are explained
under the Quality Assurance and Quality Control sections of this refenti¢n 1.6).

1.1.4 Geographical Scap

The geographical coverage of the emissions data in this report is the UK plus GiBralsions from
any other UK @erseas Territories (OTapide from Gibraltar, and Crown Dependencies (CDs) are
excluded.

Underthe UNFCEE DI D SYA&aarazya FTNRY GKS !'Y /54 |yR hta
G!'Y dzYoNBEtF FaANBSYSyidé¢ IINB AyOf dzRSR Ay (@sKS yI (7
NG,), SQ and NMVOCs emissions reported to the NECD/CLRTAP and the UNFCCC, where they are
reported as indirect GHGs.

1.2 Institutional Arrangementsor Inventory Preparation

The NAEI is maintained under contract to the Science and Innovation Climatenangy (SICE)
Division at the Department for Business, Energy and Industrial Strategy (BEIS) and the National Air
Qualityand Industrial Emissiortsvidence Team of the Department for Environment, Food and Rural
Affairs (Defra). The NAEI is alsefaoded ly the Scottish Government (SG), the Welsh Government
(WG) and the Northern Ireland Department of Agriculture, Environment and Rural Affairs (DAERA).

The UK emission inventories are compiled and maintained by the NAEI consortium, led by Ricardo
Energy & Evironment (the Inventory Agency).

Rothamsted Research compiles emissions of air quality pollutants and GHGs from agricultural
emission sources under a separate contract to Defra. Rothamsted Research provides the agriculture
inventory data and supporting domentation to Ricardo Energy & Environment for inclusion within

the NAEI submissions.

An overview of the organisational structures, roles and responsibilities within the NAEI is provided in
Figurel-1 below. The figure also illustrates the data flow from official statistical datasets, other data
provider organisations through the inventory compilation system and NAEI database to the main
international rgporting outputs.

For a summary of Key Data Providers to the NAEI work programme, see section 1.3.4.2

3Under the EU Monitoring Mechanism emissions are reported for the United Kingdom and Gibraltar only.
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Figurel-1 Overview of the Roles within th&AEI

Statistical Datasets Official National Datasets « Transport Statistics (DfT)

+ Energy and fuel statistics (BEIS ) + Emission Factors (EMEP-EEA Guidebook)
* PI, SPRI, NIPI (EA, NRW, SEPA, NIEA) *Food and Farming Statistics (Defra, DAERA)

Other National Datasets
+ Industry & NGOs — UKPIA, MPA, other trade associations, individual companies

Data Collection

Ricardo Energy & Defra contract
Environment Agriculture inventory —
(Lead Contractor) e n A Rothamstead Research
LULUCF inventory — CEH and
Forest Research Ra‘”.Data
Minor contributions from
three other subcontractors Checked
Input Data
[ ]
Compilation
Inventory agency - BEIS, Defra,
(Consortium led by . Scottish Government,
. UK Emission inventory
Ricardo Energy & 'Dafabase‘ Welsh Government,
Environment) DAERA
AQ
pokant em(i;sg%ns
qussens  Jropons
- -
& NECD & EUMM
1.2.1 Defra

Defraishe DepartmenNB a LJ12 Yy aA0f S F2NJ YSSiAy3I GKS ! Y D2OSNYY
reporting on aimuality pollutant emissionsDefrahas the following roles and responsibilities:

1 National Level Management & Planning

9 Overall control of the inventory programme ddepment & function;

9 Procurement and management of contracts which deliver and report emissions
inventories;

1 Development of Legal & Contractual Infrastructure
1 Review and evolution of legal & organisational structure;

1 Implementation of legal instruments amntractual developments as required, eeet
guidelines.
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1.2.2 Ricardo Energy & Environment

& (K 3nvehtorydgency, RicardEnergy & Environmentis responsible for compiling the
emission inventories and submitting them on behalf of Defra. Other rolesespbnsibilities include
the following:

Planning

1 Coordination with Defra and BEIS to compile and deliverNid=lto meet international
reporting requirements and standards;

1 Review of current performance and assessment of required developawtion;

9 Scheduling of tasks and responsibilities of the range of inventory stakeholders to ensure
timely and accurate delivery of emissions inventory outputs.

Preparation

9 Drafting of data supply agreements with key data providers;

1 Review of source data &8entification of developments required to improve the inventory
data quality.

Management
1 Documentation & secure archiving of data and relevant information;
9 Dissemination of information tblAElstakeholders, including data providers;

1 Management of inventorfQA/QC plans, programmes and activities across all aspects of
the inventory.

9 Archiving of historic datasets (and ensuring the security of historic electronic data),
maintaining a library of reference material. TRAEdatabase is backed up whenever the
database has been changed.

Inventory Compilation

9 Data acquisition, analysis, processing and reporting;

1 Delivery of the Informative Inventory Report (IIR) and associated datasets to time and
quality.

RicardoEnergy & Environmers the lead contractor in # consortium responsible for compiling and
maintaining the NAEdndhas direct responsibility for the items listed above, as well as managing the
inputs from subkcontractors, and incorporating the inputs from other contracts directly held by other
organisdions with Defra:

9 Agricultural emissions of air quality pollutants are prepared by a consortium led by
Rothamsted Research, under contract to Defra.
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Information Dissemination

Data from the NAEdre made available to national and international bodieginumber of different
formatsand publications, including being published as official national statiStles NAEI team also
liaise regularly with representatives from industry, trade associations, UK Government and the
Devolved Governments in Scotlamlales 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
information such as temporatends, new pollutants and methodology changes.

The NAEI web pages may be fountitl://naei.beis.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 faxpents.
Information resources available on the NAEI web pages include:

9 DataSelector - Emissions data, spanning all pollutants and the entire timeseries 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 generated as maps covering the whole UK
and are updated annually. Thegaee interactive maps illustrating 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 interactive
interface to the maps mage found athttp://naei.beis.gov.uk/emissionsapp/

1 Reports:- The most recent reports compiled by ti@sentoryteam, covering a range of
topics and tasks undertaken as part of the NAEI programme, a@enavailable in
electronic format.

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

In addition, the NAEI website provides linkswebpageghat explain technical terms, providerdient
pollutant concentration data and to sites that outline the scientific interest in spectfilufants and
emission sourcedn particular there are links to the various Defra pages containing comprehensive
measurement data on ambient concentrations of various gafits. The Defra amgualitywebsite can

be found athttp://uk -air.defra.gov.uk/

Information Archiving and Electronic Baalps

The UK emissions inventory team also have the responsibilihaaftaining an archive of reference
material and previously conducted work. This archive is both in paper format (held on site at the
RicardoEnergy & Environmemtffice in Oxfordshire), and in electronic format.

Electronic information is held on networkegrvers. This allows efficient access and maintains good
version control. The data on the servers are mirrored to a second s&ituated at a different location

to ensure data security, with incremental tape backups performed to maintain currencyatdélds

(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

1.3.1 Introduction

Figure1-2 shows the main elements of thRAEIsystem, from collection of source data from UK
organisations through to provision of data to international organisations. Further details of these
elements are discussed #ction1.3.4to Section1.3.8

Figurel-2 Overview of the Inventory Preparation Process
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1.3.2 The Annual Cycle of Inventoi@ompilation

The activities outlined above iRigurel1l-2 comprise the annual cycle of NAEI delivery from data
acquisition, method selection and development through to reporting. Each year the latest data are
added to the NAEI and the whole timeseries is updated to take account of improved data and any
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advancesn the methodology used to estimate the emissions. Updating the whole timeseries, making
re-calculations where necessary, is an important process as it ensures that:

1 The full NAEI dataset/timeseries is based on the latest available data, using the nesgt rec
research, inventory guidance, methods and estimation models available in the UK;

1 TheNAElestimates for a given source are calculated using a consistent approach across the
full timeseries and the full scope of pollutants;

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

This annual cycle of activity is represented schematicaljginrel-3. Itis designed to ensure that the
NAEMata are compiled and reported to meet all quality requirements and reporting timescales of the
UNEGE, other internationalforumsand for UK and Devatd Government publications of inventory
data

Figurel-3 The AnnuaNAEICycle in the UK
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1.3.3 The NAECompilationSystem

The compilation of thélAEkequires a systematic approach to tbellection andtollation of statistical
and source emission measurement information, and the subsequent calculation of comprehensive,
coherent and comparable air emissions data to a range of users as illustrdteginel-4.
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Figurel-4 Summary ofNAEldata flows
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The compilation method can be summarised as follows:

1. Method Review and Data Collectiog Findings from inventory reviewsnd previous
NAEI compilation cycles are reviewed, method improvements are planned /
implemented and the source data that will be required for all NAEI methods are
requested, collected and logged, from a wide variety of data providers.

2. Raw Data Processingrhe raw data that are received from data provider organisations
are reviewed, and where necessary formatted for use in the NAEI system of data
processing. This may include checking the completeness, accuracy of data, reviewing
associated QA/QC documentari and filling data gaps in the timeseries using a range of
robust methods.
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3. Spreadsheet CompilationFormatted input data are used in calculations within bespoke
spreadsheets to generate all required emission factors, activity data, data references and
recalculation references that are all required for use in the NAEI database. The
spreadsheets include many QA/QC features to ensure that the processed data meet the
inventory data quality objectives.

4. Database Populatiorg All emission factors, activity dategferences and recalculation
references are uploaded to the central NAEI database, and QA/QC routines are run
across the NAEI data to ensure that data are complete, internally consistent and
accurate.

5. Reporting Emissions DatasetsEmissions data are exicted from the database and
formatted to generate a variety of datasets used for national or international reporting
requirements. These NAEI output datasets serve a range of national and international
reporting requirements, and may vary in their levebetail, geographical coverage and
spatial resolution.

Each of these stages are explained in more detail in the following sections and the QA/QC programme
that operates across the inventory programme is explained in Section 1.6. fikfddisation, 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. All review findings theedd into stage 1 of the next NAEI cycle.

1.3.4 Stage 1: Dat&ollection
1.3.4.1 Data Management

Figurel-5 describes the data collection process for ch&Elcompiation. Requestso data providers

are made by letter, @nail, telephone andviainternet-based queriesThe process is managed by the
NAEI Data Acquisition Manager who follews on the initial data request&eeps a detailed record

of all data receivednd ensures initial QC of data by sector or pollutant experts. The primary tool used
to monitor requestsfor, and collection ofdata is a Contacts Database, which holds contact details of
all data providers, and references to the data provided in the paltdata requests and details of
incoming data are logged and tracked through the database. All incoming data (and all outgoing data)
are given a unigue reference number to allow effective data tracking.
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Figurel-5 Data colletion for core NAEI compilation
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A wide variety of organisations provide data that is essential for the NAEI to be compiled to deliver
complete, accurate emission estimates. Much of the data is available from statistical agencies or from
Government Departments and agencies. Other essential data is provided voluntarily by private
companies and trade associations. Secure data provision is aided by the development of strong
working relationships with these data providers and a programme akedtolder consultation to
enable the Inventory Agency to address any emerging data requirements, for example for any new
emission sources evident in the UK.

1.3.4.2 Key Data Providers

For installations that report their emissions under EU ETS, therstasiaiory basi&* for the reporting

of information for the purpose of preparing and publishing national energy and emissions statistics,
including the national inventory; data from the EUETS are therefore used to inform the activity data
for many highemitting emission sources in the NAEI. Aside from this, there is currently no obligation
for organisations to provide data pertinent specifically to the Air Pollutant Inventades/ever, the

key data providers to the NAEI are encouraged to undertake thewil commitments relating to

data quality, data formats, timeliness of provision and data security:

9 Delivery of source data in appropriate format and in time for NAEI compilation.

1 Undertake and provide an assessment of their data acquisition and progeasith
reporting systems;

1 Application and documentation of QA/QC processes;

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

14 SeeThe GreenhowsGas Emissions Trading Scheme Regulations R&IR 2012/3038, Part 6, paragraph 46 (2), available
at: http://www.legislation.gov.uk/uksi/2012/308/pdfs/uksi 20123038 en.pdf
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Introduction
1 Communicatio with Defra or BEIS, the Inventory Agency and their peers / members to
help to disseminate informatian

Energy statistics required for compilation of the NAEI are obtained from the Digest of UK Energy
Statistics (DUKES), which is compiled and publishedadlly by a team of energy statisticians within
BEIS.

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

1 The Environment Agency's Pollution Inventory (PI) for England;
f NaturalwSa2dzZNOSa 21 fSaQa 2StakK 9YAaarzya LygSy

f ¢KS {O020GA&aK O9Yy@GANRBYYSYld tNRGSOGAZ2Y | 3SyO
(SPRI);

1 The Northern Ireland Environment Agency Pollution Inventory (P1V));

1 The BEIS Offshore Petroleum Regulator forrenmient and Decommissioning (OPRED)
Environmental and Emissions Monitoring System (EEMS); and

1 EU Emissions Trading System (EU ETS) data are provided by BEIS.

Reporting to these UK inventories for the purposes of environmental regulation is a statutory
requirement for industries covered by the Industrial Emissions Directive (IED) and the UK
Environmental Permitting Regulations (EPR) that transposes this. The data from these inventory
sources is also used to quality check data provided voluntarily by congpdineztly to the Inventory
Agency.

Other Government Departments and agencies provide essential inputs ranging from annual statistics
to periodic research and analysis, including:

9 DfT provides annual transport statistics for different modes of transport;

9 The Ministry of Housing, Communities & Local Government (formerly the Department for
Communities and Local Government) provides housing statistics;

9 Defra provides waste management annual statistics;
1 ONS provides economic activity data.

Other key data proviers or inventory compilers that feed into the NAEI include:

1 Rothamsted Research compiles the inventory for agricultural emissions using agricultural
statistics from Defra and the Northern Ireland Department of Agriculture Environment
and RuralAffairs (DAERA).

9 The UK Centre of Ecology and Hydrology (UKCEH) compilesiéision estimates for
sources in the natural and waste sectors and provides information for mapping NH
emissions.

Trade associations, statistical agencies and individual corapanich as:
I Tata Steel and British Steel
1 UK Petroleum Industries Association (UKPIA)
1 Iron and Steel Statistics Bureau (ISSB)
1 Mineral Products Association (MBA)
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1 Civil Aviation Authority (CAA)
9 British Geological Survey (BGS)

TheNAEIs also subject ta continuous improvement programme to incorporate the latest available
evidence For example, Defra has commissioned research to gather new data on the use of solid fuels
in the residential sector in the UK, to support future improvements in the estinatiksy pollutants
(notably PM ) from this source.

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 via the Contacts Dsgaba

The majority of data received is used directly in the compilation spreadsheets (Stage 3 below).
However, for some datasets further processing is required before it is possible to use in Stage 3. For
example, extensive data pqgrocessing is conducted toonvert installatiodlevel energy and/or
emissions data from the EU ETS, PI, WEI, SPRI and PIV into data that are in the correct units and format
for use within the NAEI spreadsheet system.

The data checking, and QA/QC procedures associated with thie efatile work are detailed in
Sectionl.6.

1.3.6 Stage 3: Spreadsheet Compilation

Raw data are compiled into a series of data processing spreadsheets. These spreadsheets are used to
perform the bespoke calculations, analysis and data manipulations necessary to compile appropriate
and consistent component statistics or emission factorsuse in the NAEI emissions database. The
spreadsheets also record the source of any originating data and the assumptions and calculations
conducted to create the data necessary for the emissions database. There are thorough checks on the
compilation speadsheets as detailed in Sectibi®. All data are ultimately transferred into the central

NAEI database.

1.3.7 Stage 4: Database Population

A core databse 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 thetabase from the compilation
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
greenhouse gas inventory (GHG@l)ensure consistency.

All activity data and emission factors in the database are referenced with data origin, a text
reference/description, and the literature reference.

Once populated there are numerous checks on the data held in the database befofiéhese checks
are detailed in Sectioh.6.
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1.3.8 Stage 5: Reporting Emissions Data

There are numerous queries in the database to allow the data to bpubum a variety of different
formats. Database forms allow data output handling to be conducted more efficiently and
consistently.

For the CLRTAP and NECD submissions, data for the relevant pollutants and years are extracted from
the database in NFR19 foat, with postprocessing then conducted in a spreadsheet which isipet

to enable automated population of reporting forms. The NFR19 reporting templates are then
populated automatically, and a number of manual amendments are then required before tham@ata
thoroughly checked and submitted.

1.4 Methods and Data Sources

The NAEI and GHGI are compiled according to international good practice guidance for national
inventories; for air quality pollutant inventories the inventory methodological guidance i2@i8
EMEP/EEA Air Pollutant Emission Inventory Guideboak recommended by the EEA, we have used

the 2019 guidebook where possible for the 2020 submission, otherwise the UK continued to use the
2016 EMEP/EEA guidebook for the 2020 submission. For Gresnl@as inventories, the latest
guidance is the 2006 Intergovernmental Panel on Climate Change (IPCC) Guidelines for National
Greenhouse Gas Inventoriés

Each year, the NAEI and GHGI are updated to include the latest data available and any new research
to improve the emission estimation methods. Improvements to the NAEI methodology are made and
backdated to ensure a consistent timeseries for emissions reporting. Methodological changes are
made to take account of new data sources, or new guidance from EBEEERfrelevant work by IPCC,

new research, or specific research programmes sponsored by Defra or BEIS. Information on
improvements and recalculations can be found throughout this report, in Chapters 3 to 7, which
describe the methods used in the differemsce sectors.

This section provides an overview of the NAEI data and methods and provides further details for the
two most significant data sources: (i) the UK energy statistics, and (ii) industrial emissions reported via
the UK environmental regulatorygancies. Finally, the planned improvements are summarised.

1.4.1 NAEI Data and Methods Overview

Overview information on primary data providers and methodologies has been included in the above
sections.Tablel-8 indicates where Uispecific data are used in the NAEI, and where methodologies
that are more generic are used (i.e. where UK specific information is not available). Please note that
this table presentsan overview only, by NFR category. Further details (e.g. of EF sources from
literature or UK research) are provided in the individual chapter sections, presenting methodological
information for each NAEI source within each NFR category.

15 http://www.eea.europa.eu/themes/air/emepeeaair-pollutant-emissiorinventory-guidebook
16 http://www.ipcc-nggip.iges.or.jp/public/2006g|
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NFR19 Category

Activity Data

Emission Factors

1Ala Public Electricity
Heat Production

UK statistics (DUKES), EU ETS

Operator reporting under I1ED/
PRTR; default EFs (UK rese:
EMEP/EEA, USEPA)

1A1b Petroleum refining

UK statistics (DUKES), EU ETS

Operator reporting under 1ED/
PRTR; default EFs (UK rese:
EMEP/EEA, USEPA)

1Alc Manufacture of So
Fuels etc.

UK statistics (DUKES), EU ETS

Operator reporting underlED/E|
PRTR and EEMS; default EFs
research, EMEP/EEA, USEPA)

1A2a Iron & Steel

UK statistics (DUKES), ISSB, EU

Operator- Majority of EFs reportg
from Tata Steel and British Ste
several EFs from fuel analysig
default EFs (UK resear
EMEP/EA, USEPA)

1A2b Nonrferrous Metals

UK statistics (DUKES), EU ETS

Fuel analysis or default EFs (US
EMEP/EEA, Uspecific research).

1A2c Chemicals

UK statistics (DUKES), EU ETS

Fuel analysis or default EFs (US
EMEP/EEA, Upecific research
Operator reporting under 1ED/
PRTR

1A2d Pulp, Paper & Print

UK statistics (DUKES)

Fuel analysis or default EFs (US
EMEP/EEA, Utpecific research).

1A2e Food Processit
Beverages & Tobacco

UK statistics (DUKES)

Fuel analysis or defaul& (USER
EMEP/EEA, Utpecific research).

1A2f Nonmetallic minerals

UK statistics (DUKES), EU ETS,

Operator reporting under 1ED/
PRTR; fuel analysis or default

(Domestic, LTO)

(USEPA, EMEP/EEA, -dpKcifi
research).
1A2g Other UK statistics (DUKES) Fuelanalysis or default EFs (USEH
EMEP/EEA, Utpecific research).
1A3ai(i) InternationdUK statistics (CAA) Calculated based on informati
Aviation (LTO) from the ICAO database
1A3aii(i)  Civil  AviatiqUK statistics (CAA) Calculated bask on informatior

from the ICAO database

1A3b Road Transportation

UK statistics (DfT, DAERA)

Literature sources and UK factors

1A3c Railways

UK statistics (ORR) and estimaty

UK factors

1A3di (ii) International inlar]
waterways

NA

NA

1A3d iiNational Navigation

UK statistics and sector researct

Literature sources and UK factors

1A3e Pipeline compressor

IE (Emissions are reported unde

r1Alc)

1A4a Commercial
Institutional

UK statistics (DUKES)

Literature sources and UK factors

1A4biResidential

UK statistics (DUKES)

Literature sources and UK factors
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NFR19 Category Activity Data Emission Factors

1A4b ii Household |Estimated Literature sources

gardening (mobile)

1AA4ci UK statistics (DUKES) Literature sources and UK factors
Agriculture/Forestry/Fishin

Stationary

1AA4diifiii Off-road Vehicles {Estimated Literature sources and UK factors
Other Machinery

1A5a Other, StationallE (Emissions are reported under 1A5b)

(including Military)

1A5b Other, MobillUK statistics Literature sources and Utctors

(Including military)

1B1la Coal Mining & Handl

UK statistics (DUKES, UK Coal)

Literature sources

1B1b Solid fuUK statistics (DUKES), EU ETS |Operator reporting under |ED/
transformation PRTR, literature sources
1B1c Other IE (Emissions are reported undds1b)

1B20il & natural gas

UK statistics & Industry, EU E
EEMS.

Operator reporting under 1ED/
PRTR and via EEMS, data f
UKPIA, data from UK gas netw
operators and from BEIS

2 A Mineral Products

Industry & Estimated, EU ETS

USEPA factors fomslag cemer
grinding; UK and literature factq

for glass and brick/cerami
manufacture; EMEP/ E
Guidebook for construction ai
quarrying

2 B Chemical Industry

Industry & Estimated, EU ETS

Operator reporting under 1ED/
PRTR and literature factors feome
specialist chemical processes

2 C Metal Production

UK statistics & Industry, ISSB,
ETS

Industry & Operator reportin
under IED/EPRTR; literatu
factors, including EMEP/ E

Guidebook for some processes

2 D Solvents

Industry

Mostly UKspecific emissions da
from trade bodies, individu
operators, and regulators. Some
of EMEP/ EEA Guidebook factors
minor sources.

2 G Other product use

UK statistics

EMEP/ EEA Guidebook

2 H Pulp and paper indust
Food andbeverages indust

UK statistics & Industry

Ukespecific factors for food & drir
manufacture, many of which a
consistent with those presented
the EMEP/ EEA Guidebook. [
from regulators used for son
minor sources.
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NFR19 Category Activity Data Emission Factors

2 | Wood processing UKstatistics & Industry Literature sources, EMEP/ H
Guidebook and operator reportif
under IED/EPRTR.

2 J Production of POPs  |NA NA

2 K Consumption of PQIndustry Literature sources and Udpecifi
and heavy metals methods

2 L Other productiofNA NA

consunption, storage

transportation or handling (
bulk products

3B Manure Management |UK statistics UK factors

3D Agricultural Soils Majority based on UK farm survéLiterature sources
and fertiliser sales data
3F Field Burning ofiMajority based on UK farm surveLiterature sources

Agricultural Wastes and fertiliser sales data, Estima
used for foot and mouth pyres
3l Other UK Statistics & Estimated UK factors

5A Solid Waste DisposahlUK waste and disposal statisticslUKmodel and assumptions
Land

5B Biological treatment (UK statistics UK factors

waste

5C Waste Incineration UK Statistics & Estimated Operator reporting under 1ED/
PRTR & EMEP/ EEA Guidebook
UK factors

5D WastéWater Handling |UK statistics UKfactors

5E Other Waste Estimated UK factors

6A Other Estimated UK factors

1A3aii(ii)  Civil  AviatiqUK statistics (CAA) UK Literature sources

(Domestic, Cruise)

6B Other (Memo) UK statistics UK factors

11 Other (Memo) Estimated UK factors

Z_1A3ai(ii) Internation{UK statistics (CAA) UK Literature sources

Aviation (Cruise)

Zz_1A3di(i) InternationjUK statistics and sector reseallLiterature sources and UK factors

maritime Navigation (Entec, 2010)

The terms used to summarise the datad methods in the table above are defined as follows:
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 ISSB, the UK Minerals Yearbook provided by the BGS,
energy use data from the EU ETS.
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1 Industry: Process operators or trade associations padevactivity data directly, for
example from UKPIA, MPA, and the British Coatings Federation (BCF).

1 Modelled: Activity data may need to be estimated by theventory Agencyor other
external organisations) where UK statistics are not available or areableabnly for a
limited number of years or sites. The modelled activity data estimates are commonly
derived from published data or the best available proxy information such as UK
production, sitespecific production, plant capacity etc.

Foremission factors:

9 Operator. emissions data reported by operators is used as the basis of emission estimates
and emission factors.

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

I UK factors Countryspecific emissions factors based on UK research and literature
sources from UK analysis.

1 Modelled: Emissions and/or emission factors may need to be estimated by the Inventory
Agency, based on parameters such as: plant design and abatement syst@msded
solvent use, planspecific operational data. Furthermore, to address data gaps and
timeseries consistency, either emissions or emission factors may be modelled based on
emissions (or emission trends) of other pollutants or activity data.

9 Literature SourcesFor many UK emission sources there may not be any specific data
from UK sources or research, and in these casemtrentory Agencyefers to literature
sources for emission factors that best characterise the emissions. These literature
sources are mainly from international guidance for inventory reporting such as the 2016
and 2019 EMEP/EEA Guidebooks, the USERR aRd IPCC Guidelines or Good Practice
Guide (GPG). Other useful resources are sespecific operator reporting guidance such
as best available techniques reference (BREF) documents produced by the EU IPPC
bureau, or the Merican Petroleum Institutg AmPl) Compendium for oil and gas
emission estimates.

The specific emission factors used in the calculation for all sources andaptdlfor the latest
inventory are availablat the data selectoon the NAEI website:

http://naei.beis.gov.uk/data/efall

1.4.2 Methodology Tiers

The method selected for each emission source is determinetidgignificance of that source in the
overallNAElontext, and the availability of Uspecific data or models. A tiered approach is taken, as
follows:

1 Tier 1methods are the most simplistic. UK activity data are combined with default EFs to
generate emissn estimates. The default EFs from EMEP/EEA are selected to be
representative of typical global average performance (e.g. of a combustion unit). Hence
the Tier 1 estimates are associated with higher uncertainty, as the default EF may not
accurately refletUK circumstances, and are only used for minor sources;

9 Tier 2methods combine UK activity data with EFs that are specific to the UK, usually
derived from UK research, or derived from emissions reporting by plant operators that
are based on emissions messments to characterise the performance of their
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production or combustion process, which can then be extrapolated across all such sources
(i.e. including where monitoring may not be feasible). As these EFs are more
representative of the UK emission sourtieey are associated with lower uncertainty than
Tier 1 and are suitable for application for key source categories.

1 Tier 3methods typically apply more complex modelling approaches that are developed
to generate more accurate estimates than Tier 2, ofterough research to more fully
understand higkemitting emission sources. For example, Tier 3 methods in the NAEI
include:

0 Aggregation of all operatereported emissions reported to the UK environmental
regulators across all higémitting installations sut as power stations, refineries,
cement kilns, iron and steel works, upstream oil and gas facilities, chemical works;

0 Road transport emissions modelling from tailpipe and tyre and brake wear sources,
that combine many parameters to characterise the perfanmoe across the UK fleet,
including: fuel sales, vehicle kilometre data by vehicle type (from surveys), UK fleet
statistics, average speeds on different road types (e.g. motorway, urban, rural);

o Nitrogen balance modelling to synthesise the flow of N thiodferent UK farming
systems, to assess the fate of N and emissions of pollutants such as ammonia and
nitrous oxide (a greenhouse gas). The agriculture sector model to estimate emissions
from major livestock categories (e.g. cattle) also take considerati a wide range of
parameters that influence emissions, including: soil and climate, livestock numbers by
age and breed, feed, fertiliser use, housing and waste management practices;

o First order decay modelling of waste degradation and elution of paiist (including
NMVOC and methane) from waste disposed in UK landfills, incorporating assessment
of waste compositional analysis surveys, waste arisings and fate activity data from
across the UK, by waste type, modelling of performance in different ladd8igns,
and consideration of landfill gas capture and utilisation in flares and engines.
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1.4.3 National Energy Statistics

BEIS provides the majority of the energy statistics required for compilation of the NAEI and the GHGI.
These statistics are obtainetbfn the BEIS publication The Digest of UK Energy Statis{ib8/KES)
(BEIS, 2019&)which is produced in accordance with QA/QC requirements stipulated within the UK
D 2 @S Ny yNatonahSiatistics Code of Practice (ONS, 2088) as such is subjeitt regular QA

audits andreviews. DUKES available at:

https://www.gov.uk/government/collections/digesbf-uk-enerqgystatisticsdukes

The BEIS team follows amber 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, BEIS tries to ensureiisiatidual returns within DUKES

are as accurate as possible. A tatage 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, compigon is also made with corresponding data for the same month or quarter in the
previous year. BEIS also uses an energy balance approach to verify that individual returns are sensible.
Any queries are followed up with the reporting companies. BEIS depmmndsceiving data from a

range of companies and work closely with them to ensure returns are completed as accurately as
possible and in good time for the annual publications of statistics.

The activity data used to derive emission estimates in the NAKI moa exactly match the fuel
consumption figures given in DUKES and other national stati$tics.may occur for a number of
reasons:

91 Datain DUKES and other national statistics are not alanxggitable to the level of detail
required for inventory repding. For example, activity data within DUKES do not
distinguish between fuel used in stationary and mobile combustion units. Emissions from
these different types of appliances have to be separately reported in the inventory and
furthermore they exhibit vey different combustion characteristics and therefore require
application of different emission factors in tihNAEI

i Data in DUKES and other national statistics are subject to varying oévels
uncertainty,especially at the sectespecific level, and isome cases more accurate data
are available from other sources. For example, the EU ETS provides more accurate fuel
use data for several higbmitting industrial sectors and is used in preference to DUKES
data.

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

1 Where the BEIS DUKES team make improvements to national energy statistics, they
typically do not revise the whole timeseries of data; usually the DUKES data is
retrospectively revised for up to the 5 most recent years. This can lead to step changes
in the DUKEStieseries that are due to methodological differences rather than reflecting
real changes in fuel use. Therefore, to ensure timeseries consistency of reported
emissions, thdnventory Agencyvorks with the BEIS energy statistics team to derive a
defensible historic timeseries back to at least 1990 for use iMNAE]
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There is a high degree of confidence in the overall fuel commodity balance data in DUKES, with the
statistics for productia, imports, exports and final demand for fuels across the UK economy believed

to be complete and accurate. However, fuel use allocations within Dtdkdp8cific economic sectors

are considered subject to greater uncertainty due to the difficulties inioioig comprehensive survey

or sales data by sector. Based on this understanding of uncertainty within DUKES, the Inventory
Agency assumes in most cases that where an alternative source indicates DUKES data for a sector is
inaccurate, there is no reason th¢his implies any inaccuracy in overall fuel usage in DUKES.
Therefore, introducing a deviation from DUKES in one area of the inventory should be accompanied
by an equal and opposite deviation in another area of the inventory. As a result, there arewery
instances where the total amount of fuel used to underpin inventory estimates differs from the total
fuel consumption data presented in DUKES; in most cases the inventory deviations from DUKES data
are re-allocations of fuel use between source sectoexross the UK economy, whilst retaining
consistency with the total DUKES consumption of that fuel.

Deviations from sectaespecific allocations in DUKE$igst significant in the case of gas oil and fuel
oil, especially for fuel use in the shipping sec@as oil ielso widely useih off-road machinery
engines (e.g. agricultural and construction machinery), railway locomotives, marine engines,
stationary engines and other stationary combustion plaush as furnace®UKES relies on data
provided by fué suppliers and importers / exporters but data industrial use of gas oil is very
uncertain.The distribution chain for refinery produdts complex, and thgas oil producers and
importers have very litle knowledge of where their productused once ald into the
marketplace.Furthermore, thdnventory Agencyeeds to distinguish between gas oil burnt in mobile
machinery and gas oil burnt in stationary combustion plant and this information is not available from
fuel suppliers and importers.

As a restulof these data limitationsthe Inventory Agencynakes estimates of gas oil consumption for
many sectors using alternative botteaop methods (e.g. for offoad machinery based on estimates

of population and usage of different types of equipment) or gashdmta from other sources (e.g. the
Office of Rail and Road, power station operators). DUKES data are not used directly; however,
estimates of gas oil consumption by other sectors are then adjusted in the inventory in order to
maintain consistency with thiotal DUKES gas oil consumption.

Other fuels with significant deviations from the sectmecific allocations presented in DUKES include
fuel oil,aviation turbine fuel, petroleum coke, wood, other petroleum gases (OPG) and coal. Minor
reallocations are lao made for natural gas and burning oil.

There are, however, a small number of exceptions where the inventory estimates are based on data
that lead to a deviation from the reported DUKES total consumption for a specific fuel, including:

1 Energy consumptiodata and processelated activity data are available for installations
that operate within the EU ETS. The operatported EU ETS activity and emissions data
undergo third party verification as part of the EU ETS regulatory system, and hence are
regardal as being a low uncertainty dataset that is provided to lilmgentory Agencyor
the purposes of inventory compilation. Where the EU ETS data provides complete
coverage of fuel use within a specific economic sector, the EU ETS data by installation are
aggegated and applied within thBAEI

1 Natural gas consumption at a number of compressor sites operating international
import-export pipelines are known to be omitted from the DUKES data, and thus
estimates of activity are obtained from the BT S dataset
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1 Restructuring of the data supply systems to the DUKES team in the early 2000s identified
that throughout the 1990s there were omissions in reported gas use from upstream oil
and gas terminals; the inventory therefore estimates the own gas use by these
installations based on oil and gas production data from the BEIS energy statistics as a
proxy indicator of activity;

1 DUKES has no mechanism to collect data on the use of procegases, for example
once petroleum feedstocks have been delivered for petroclwainand chemical
LINE RdzOG A2y LINRPOSa&asSa o0FlyR GKSNBET2NBE I NB N
' 4S¢0 o0dzi INB® adzoaSldsSydate dzaSR a | asSoz2
Petroleum Gases (OPG) includes an estimate for consumption a feeondary fuels
based on data from the EU ETS;

1 Residential wood use in 19912 has been estimated by tteventory Agencyn light
of new research that led to significantly higher estimates derived for 2008 onwards,
within DUKES 2015, which was subsagly revised further for 2013 onwards in DUKES
2016 and subsequent DUKES publicatioBsien the significance of this source for
emissions in the UK of particulate matter and other air quality pollutants, a revised
historic timeseries for this fuel useak been estimatedHowever, this estimation has
itself been based on more up-date information that is already included in DUKES from
2013 onwards.

9 Estimates for the consumption of petroleum coke in various energy andenergy
applications are made bad on EU ETS and other data, In the years 1981, 1999,
2001, 20052007 and 2015 there is insufficient petroleum coke reported in DUKES to
cover all of these uses and so the inventory activity total deviates from DUKES. Note that
the comparison betwee®UKES and inventory data also indicates certain years (most
notably 19921997, 2004, 2010 and 2014) where there is a large surplus in DUKES
compared with the uses identified in the inventory, and this petroleum coke is then
assumed to be used in variousidentified nonenergy uses. It is conceivable, however
that there is actually some stockpiling of petroleum coke, with increases in stocks in those
years of surplus, and reduction in stocks in those years where there is a deviation from
DUKES. Note th#étte Inventory Agencassumes that the unidentified neenergy use of
petroleum coke does not lead to any emissions of air pollutants other than CO

1 A new methodology for estimating emissions from national navigation was developed
and adopted by the invenory for the first time in the 2018 submission based on a
bottom-up estimate of domestic shipping fuel consumption using high resolution
Automatic Identification Bstem (AIS) vessel movement data. The fuel consumption
estimates exceed the amount of fuel@ated in DUKES for national navigation in all
years in the timeseries. BEIS has acknowledged that the allocation of fuel to national
navigation in DUKES is uncertain. The new approach based on vessel movement data is
able to identify with greater confehce the allocation of fuel consumption to UK
domestic navigation separate from international navigation consistent with the
definition of domestic navigation in the 20 BMEPEEAGuidebook and IPCC (2006) GHG
inventory guidelines. BEIS has greater confadein the fuel consumption figures for
international navigation in DUKES and these data are used in the inventory for this source
in the International Bunkers 1A3di Memo ltem category.
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1.4.4 Industrial Process Emissions Data

Information on industrial process@ssions are provided either directly to theventory Agencyy
the individual plant operators or from:

The Environment AgeneyPollution Inventory and Natural Resources Wales Welsh Emissions
Inventory

Both the Environment Agency (England) and NatResources Wales compile an emissions inventory
6atLég F2N)aAaidSa Ay 9y3aAftlyRT a29L¢é F2NJ aradaSa Ay
from around 2,000 major point sources in England and Wales. For most years of the timeseries, this is
one combined dataset, but in recent years the Wales data has been compiled in a separate (parallel)
system from the data for sites in England. These inventories require the extensive compilation of data
from a large number of different source sectors. Ttakiable source of information is incorporated

into the inventory wherever possible, as either emissions data, or surrogate data for particular source
sectors. The information held in the Pl and WEI are also extensively used in the generation of the
emissims maps, as the locations of individual point sources are known. The Inventory Agency, the EA
and the NRW work closely to maximise the exchange of useful information.

The Scottish Environment Protection AgengEPRI Inventory

The Scottish Environment Protection Agency (SEPA) compiles an emissions inventory for emissions
reporting under the Industrial Emissions Directive (IED) 2010/75/EU anduhepean Pollutant
Release and Transfer RegitetPRTR). The reporting of emissida required for all activities listed

in Annex | of the IED. 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
equivalent industrial ensisions inventory data from the EA and NRW, 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 AgengyPollution Inventory

TheNorthern Ireland Environment Agency compiles a Pollution Inventory of industrial emissions for
the purposes of PRTR and this point source data, although not yet available via the web, is readily
available to the public via the Department itself. The NAifites this valuable point source emissions
data for the development of emissions totals, factors and mapping data.

1.4.5 Improvements to Inventory Data and Methods

As noted above, each year the inventory is updated to include the latest data availableyenmants

to the methodology are made and are backdated to ensure a consistent timeseries. The NAEI has been
developed and improved over many years and for most emission sources the methodologies used are
well-established and cannot be improved upon with@aimmitting significant resources to the task.
However, the inventory improvement programme (described in section 1.1.1) enables research to be
undertaken aimed at improving the inventory, for example to address any new / emerging emission
sources and téake account of any changes and additions to the following:

1 UK Government energy, transport and production statistics used in the inventory;

1 EU ETS data;

Ricardo Energy & Environment 60


http://www.sepa.org.uk/air/process_industry_regulation/pollutant_release_inventory.aspx

Introduction

9 emissions data given in the PI/WEI/SPRI/PIV;
I emissions data from the EEMS data set;

1 data sets routinegf supplied by industry to the Inventory Agency as part of the annual data
collection process;

The NAEI improvement plan is constantly under review by Defra and BEIS, to take account of expert
and peer review findings as well as issues identified byrkentory Agencyin the postsubmission
review, which collates findings from the latest inventory cycle.

In addition to formal reviews of the inventory, tHaventory Agencyseeks new information and
accesses new data sources through an annual programmerduttation with industrial trade
associations, specific organisations, government departments and agencies, and other stakeholders.
These meetings, phone calls and email exchanges often highlight areas of the inventory for which new
or updated data is aviable, where further refinements could be maddor example where new
industry-specific research or investment highlights an improvement in emissions performance or
understanding of emission sources on existing UK plant.

Sectorspecific planned improveents are detailed throughout this report in the relevant sections.

1.5 Key Source Analysis

Table1-9 provides an overview of the most important sources for selected pollutdotsthe year
2018, reported under the CLRTAIR the 2020 inventory submissionThe key source analysis is
calculated based on emissions from fuel use in line with the NEC Diféctive

Key sources are those which, when summed ugeiscending order of magnitude, cumulatively add
up to 80 % of the totdevel as per reporting guidanég& Due to rounding, the sum of the % emissions
08 NR¢g YlIe y2i Sldzf GKS @I Tadk-93A3Sy Ay (GKS a¢ 2

For NQ (as ND,), the dominant source is 13b Road transpor(including cars, light and heavy gut
vehicles and buses) contributing collectively 31% of emissiBinsf the sevenkey sources for NH

are from the agriculture sector, with2% of the emissions frofivestock manures applied to soils
(3Da2a)The largest source BfMVOGmissions, 19% diie national total, is fronthe use of domestic
solvents including fungicide@D3a) 1A4bi (residential stationary combustiomgmains as the
dominant sourceof SQ (as S@, CO PNy, PMs, PAH,and PCDD/PCDé&missions 1Ala (electricity

and heatproduction) is one of the dominant sources ofy%83 S@), emissions, although this should

be viewed against a significantly reduced national total over the timeseries. TSP is dominated by 2A5b
(construction.

Tyre and break wear (1A3big)thedominantsource for Pb emissions in ZQ)Icontributing a third of
0§KS | YQ& ( ZTodrefare Sn¥yinid &ely Boyirde categories for HCBs, which are from public
electricity and heat productio(ilAla)andthe use of pesticides in the agriculture sect8bf)

17 Directive 2016_2284 EWnnex IV, Part 1.4
8http://www.ceip.at/fileadmin/inhalte/emep/pdf/2014/Methodology Report 2014 final.pdf
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Table1l-9 KeyNFR19Sources of Air Qualy Pollutants in the UK in 201&hat together contribute at least 80% to the pollutant emissisrotals).
Different colours are used to highlight NFR sectors (1A1, 1A2, 1A3, 1A4, 1B, 2, 3, 5, and 6).

Component Key categories (Sorted from high to low from left to right) Total (%)
SOx 1A4bi 1A1D 1A1a  AA2guiii 1A3dii 1A2a 2B 82.8%
25% 15% 14% 12% 7% 6% 4%
HOX 143bi 141a  1A3BI 1A3diE 1AZovii 1A1C 144b0  1A3bI 1AZgvii  1Adai 1A2f 81.6%
16% 12% 11% 11% 3% 6% 4% 4% 4% 3% 2%
NH3 3Da2a  3Dad 3B1a 3B1b 3Da3 A 383 80.2%
22% 16% 13% 13% 6% 5% 5%
— 203a 2H2 203d 1B2c 1Adbi 1B2ai 203 3B1a 3B1b  3Da?a  1B2b 1B2av  1BZaiv 80.4%
19% 14% 10% 6% 6% 4% 4% 3% 3% 3% 3% 3% 2%
co 1840 1AZ2qvii 1A3DI 1423 201 1840i 1A2qviii 1A1a 81.8%
29% 16% 12% 7% 5% 5% 5% 3%
Tsp 2A5h 1A4bi 2A5a 30c  1A2quiii 1A3bvi 80.8%
53% 12% 5% 4% 4% 3%
— 1A4bi 2A5D | 1AZ2qvili 1A3DVi | 2ABa 3Dc | 1A3bvii . 2C1 142gvii - 14713 3B4gii 80.1%
27% 19% 8% 5% 5% 5% 3% 2% 2% 1% 1%
PM2.5 1Adbi  1A2guiii 1A3bvi 2A5b 1AZ2guii 1AW 201 14300 1A3di 1A1a 5E 81.3%
' 44% 14% 5% 3% 3% 3% 2% 2% 2% 2% 2%
Pb 1A3bvi 201 1A2aviii 26 1A4bi 2C7¢ 81.8%
33% 22% 10% 9% 5% 4%
’ 1A1a  5CIv 201 A2 qviii 5A 2C7c  2B10a | 1AdDbi 80.5%
g 18% 16% 12% 0% 9% % 6% 5%
cd 1Adbi  1A2quiii 20 1A3bi 2G 1A3bvi 82.7%
29% 28% 13% 5% 5% 4%
144bi 2C1 5E 1A2qviii BC2 80.9%
PCDDIF 7% 13% 12% 11% 8%
1Adbi 86.4%
PAH e
1A1a 3Df 97.5%
HCB B5% 33%
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1.6 Quality Assurance and Qualitgntrol

This section provides details of the QA/QC system for the UK NAEI, including verification and

treatment of confidentiality issues. QA/QC activities comprise:

1 Quality Control(e.g. raw data checks, calculation checks, output checks) to minilrdse t

risk of errors within the available resources to deliver the inventory.

1 Quality Assurance(e.g. peer reviews, bilateral reviews, expert reviews) whereby
independent experts periodically review all or part of the inventory to identify potential

areas br improvement.

9 Verification where alternate independent datasets are available to compare against

inventory data and trends).

The NAEI QA/QC system complies with the guidance published in theHMEREEAGuidebook and

the more comprehensive guidanosm GHG emissions inventories (Tigprocedures outlined in the

2006 IPCC Guidelines). The QA/QC plan sets out a timeline for QA/QC checks, designed to fit in with
compilation and reporting requirements for all UK Air Pollutant and GHG inventory regortin

commitments.

Ricardo Energy & Environment (theventory Agencyis fullycertified to ISO 9001:2% and ISO

14001: 2015see Box 1 below)This certificatiorprovides assurance that through application of t

he

ISO 9001 standard by Ricardo Energy & Bnrient, a consistent quality approach across all aspects
of the inventory project is maintained, includingnforming togood practice in project management.

Box 1: IS®001:2A5 and ISO 14001: 20¥<ccreditation

Ly I RRA (A 2 yPlspetific QK/QC systed dthrough Ricardo Energy & Environmen
Inventory has been subject to ISO 9000 since 1994 and is now subject to ISO190Gli2Audited
by Lloyds Register Quality Assurance (LRQA) and the Ricandy BnEnvironment internal Q
auditors. The NAEI has been audited favourablRQA oni¥e occasions in the last4lyears.The
emphasis of these audits watacedon authorisation of personnel to work on inventories, docum
control, data tracking andpreadsheet checking and project management. As part of the Inve
management structure there is a nominated officer responsible for the QA/QC syiterQA/QC Co
ordinator. As part of the Ricardo group certification, Ricardo Energy & Environmentréentty
accredited to ISO 9001:28. Lloyds Register Quality Assurance carried out a ieedy
recertification audit of Ricardo Energy & Environment which was complet@dtatner 2019Ricardo
Energy & Environment successfully passed the receriifiatiith no major nonrcompliances, and
new RicarddGroup certificatewas issued in February 2020nder the Ricard@&roup certification
Ricardo Energy & Environment is currently certificated both for the Quality Assurance ISO1%)(
Environmental Maagement System ISO 140@D15standards and Health & Safety ISO 4500:2(

t, the

A

ent
ntory

1:20
18

standards.

Ricardo Energy & Environment 63



Introduction

The main elements of the Tier 1 QA system requirements are:

1 There is an Inventory Agency (consortium managed by Ricardo Energy & Environment)
A QA/QC plan
A QA/QC manay

Reporting documentation and archiving procedures

Checks for data calculation errors and completeness
Reviews of methods, data sources and assumptions

1

1

1

1 General QC (checking) procedures
1

1

1 Review of internal documentation
1

Documentation oimethodologies and underlying assumptions
9 Documentation of QA/QC activities

The NAEI QA/QC system complies with all of the above Tier 1 requirements and in addition, there are

a range of surce-specific (Tier 2) QA/QC measures within the UK system thaygially applied to

0KS Y2340 AYLRNIFYy(d a1Se OF GS32NA Sde23) ayecRppiedl) ¢ KS NB
Details of sourcespecific QA/QC activities are presented in the relevant sections within Chapters 3 to

7 of this report.

1.6.1 Description of the current Inventory QA/QC system

The National Atmospheric Emissions InventAEland the UK Greenhouse Gas Inventory are
compiled and maintained together by Ricar@mergy & Environment (the Inventory Agency), on
behalf of the UK Deptmnent for Business, Energy & Industrial Strategy (BEIS) and the Department for
Food and Rural Affairs (Defra).

Rothamsted Research manages the compilation of emission estimates for the agriculture sector under
contract to Defra, working with a team of miwactors that are agriculture sector experts fragaveral

other organisations: ADAS, Cranfield Universitg UKCentre of Ecology and Hydrology«CEHaNd
{020t yYyRQA wdzNI f /2tfS3S 6{w! /0D

Many of the statistical datasets received by RicalEthergy & Brironment andRothamsted Research

for the UKAR compilation come from datgrovider organisations that aréJK government
departments, agencies, research establishments or consultants working on behalf of UK government
or for trade associations. Severalthése data provider organisations (e.g. BEIS, the Department for
Transport, Defra, the Office of National Statistics and British Geological Survey) qualify as UK National
Statistical Agencies (as defined in UN Guidéhesd abide by strict statistical @AC standards.

Other organisations (e.g. the UK environmental regulatory agencies that provide instaléatedn
emissions data) supply important datasets for tNAEland have their own QA/QC systems that
govern data quality. Regulatory agencies forusttdy and commerce have developed QA/QC systems

to support their specific regulatory functions, including to regulate operator environmental
performance (such as to underpin atmospheric emissions reporting under EU ETS or the Industrial
Emissions Directiyeand to regulate other activity performance that is relevant for the national
inventory (such as annual reporting against industry performance standards for water companies, gas

19 See:https://unstats.un.org/unsd/methods/statorg/
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suppliers, electricity suppliers). In some cases, data for the national toryeare provided by
individual companies or organisations (e.g. trade associations) and in those instandesgetti®ry
Agency requests information annually regarding QA/QC systems that underpin the data, as well as
seeking information on estimated undamties of the data provided.

Ricardo Energy & Environment is responsible foombnating inventorywide QA/QC activities

relating to inventory submissions, across all inventory stakeholders. In addition, Ricardo Energy &
Environment works with orgarasions supplying data to the GHG inventory to encourage them to
RSY2YyA0GNrdS GKSANI 2y tS@Sta 2F v!ikv/ GKFEdG O2YL
National Statistics standards, throughakeholder consultation meetings and annual information

requests.

TheNAEIQA/QC system encompasses a wide range of activities to cover:

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

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

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

1 QA review tasks, including: pseibmission reviews, postubmission reviews, peer
reviews, bilateral reviews, expert reviews.

To control and deliver across all these tasks, the inventory QA/QC system includes three core
components:

1. A QA/QC Plais maintained by thénventory Agenc® & v ! kv/ YIFylF3aISNI | yR
specific Quality Objectives and QA/QC activities required irmaking the compilation
and reporting of the inventory estimates. The plan sets out sespeific and general
(crosscutting) activities to ensure that quality objectives are met within the required
inventory reporting timeframe. The QA/QC plan alsagssroles and responsibilities for
the Inventory Agencyeam and records the key outcomes from inventory QA activities
in order to underpin a programme of continuous improvement.
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Figurel-6 QA/QC Plan
QA/QC Plan

Objectives

Goals for the quality of the
inventory outputs

Acceptable quality
(IPCC & Guidebook)

Introduction

Activities
General Sectoral
L F

Specific tests to determine if the

Transparency
Completeness
Consistency

Comparability Peer Review
Accuracy Compilation
Submission

To fita delivery timeline
Preparation & Revision

quality objectives are met

Assign to roles
Data Suppliers
External Revideam
QA/QC Manager
Sector Experts
GHGISC

2. QA/QCimplementation 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, and as agreed with Defra. A
number of gstems and tools for QA/QC implementation are described in the sections

that follow.

Figurel-7 QA/QC Implementation

QA/QC Implementatig

Review: Data sources
Methods B
Assumptions

Check:Data supplied
Calculations
Outputs

ying out the activities presented in
and ensuring quality objectives are

Stakeholders

Independent Expert
GHGISC-Review

Bi-lateral (with other parties)

GHGISC refers to the National Inventory Steering Committee, responsible for the review and sign off of the UK Greenhouse Gas Inventory.

3. Documentation and archivingrhich includes a) transparent documentation of all data
sources, methods, and assumptions used in estimating and reporting the NAEIl. These
are included in the calculation tools used foratahting the estimates and in the GHG
(National Inventory Report (NIRBrown, P. (2019)and Air Quality Pollutants (lIR)
inventory reports; b) transparent documentation of all QA/QC implementation including
records of activities undertaken, findings, eeemendations and any necessary actions

taken or planned; and c) archiving.
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Figurel-8 Documentation and Archiving
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The QA/QC plan and procedures are subjeatdntinuousreview and improvement. In 2014, BEIS

and Defra commissioned an independent review of the NAEI QA architecture, through a series of
auditsfocussed orfifteen NAEI models. The review was conducted by Hartley McMaster (HM), and
was aimed at assessing the NAEIg@gtems against the requirements of IPCC guidance, BEIS model
QA guidance and the wider Government guidelines for model integrity (HMT Aqu#B&okther to

this review, BEIS commissioned in late 2016 a review of a further sample of NAEI models bggéambri
Architectural Research (CAR). During 2016, HM also reviewed a representative sample of the models
operated by Forest Research (FR) Bi€EH to generate thiand use, landise change and forestry

20 https://www.gov.uk/government/publications/theaquabook-guidanceon-producingquality-analysisfor-government
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(LULUCFestimates,and during 2017 HM reviewed a sampliemodels used to process point source
data for the national inventoryThe findings of these reviews have underpinned QA system
improvementsover recent submission cycles; further modglecific QA improvements may be
implemented in future, subject to prities and resources available

Improvements made to th&AEIQA QC systemincluding to some crossutting data compilation
models,for the 20 submission include:

T

Improvement of pollutanispecific checking templates that facilitate a more consistent
checking procedure for NAEI activity data (AD) and for the inventories for GHGs and air
pollutants, and to collect information on recalculations and reported trends in a
systematic, prioritised way. The worksheets used to document the analysis of reasons f
changes and reasons for trends across pollutants were restructured to be more user
friendly; the AD and EFs were converted to function on an energy basis (rather than a
mass basis, as previously) for solid and liquid fuels, and to consistently present
information across all fuels in units of TJ (net) for AD and per TJ (net) for EFs, to facilitate
checking against IPCC and EMEHA default EFs

Improvement to the model developed to convert and manage the derivati@magsion
factors (EFs; often from ditature defaults) into units applied in the NAEI database. This
model, developed and first used in the 2018 submission, standardises the conversions
needed from the units the EFs are published in, to units consistent with the NAEI
database, and ensures tha consistent approach is taken (e.g. in selection of the most
appropriate default factor for a specific UK emission source, where several may be
presented in the literature). In the 2020 submission, the scope of this model has been
extended to include me pollutants;

Continued upgrading of the LULUCF models, including verification of model calculations
and expansion of model quality chegks

Continued development of agriculture inventory quality systems, to reflect the major
methodological changes that ewe implemented (mostly in the 2018 submission),
including:

o0 Rothamsted Research and the team of other agriculture sector experts (ADAS, UKCEH
and Cranfield University) have further improved the documentation of the new
inventory methods, to develop centréists of data suppliers and planned inventory
improvements to aid communication and tracking of changes withinltiventory
Agency team and with key industry and government stakeholders

0 A number of source methods have now been converted from spreadshedels to
use either the C# coded model or to use other software code (e.g. R), including to
improve consistency of data management of core datasets across the consortium.

wS3dzA F G2NEQ Ly @SywKNE 2ISHINGDIEE S3 dOWIASKEAR 2y A
database system for processing emissions data for use in the NAEI that are sourced from
GKS 'Y SY@ANRBYYSyYyGlf NBIdAFG2N aLR2ftdziAz2y
operators of sites regulated under the EU Industrial Emissions DirectiveailDhe

Pollutant Release and Transfer Register (PRTR) including large combustion plant
industrial and manufacturing sites and waste management facilities. The new system has
automated the data processing, leading to greater consistency in the application
assumptions used to deal with the gaps and outliers in the regulator inventory datasets.

As part of the overhaul of the systems, many of the assumptions used Hfllgagp
procedures have been reviewed and updated, leading to some revisions to tissiemi
estimates. Sectors affected include Energy, Waste and IPPU.
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1 Transition to energy unitsActivity data and emission factors regarding the use of fuels
are now handled in units of terajoules (net) (TJ) at the earliest practicable stage in the
processof deriving emissions, within the NAEI suite of models. TJ (net) are the
international standard units for inventory reporting and guidance; transitioning to these
units reduces the number of conversions required when utilising international data and
reporting using common metrics.

1 The main impact of this change is to enable more rapid and transparent QC against
default EFs and to improve the comparability of the NAEI reporting with other countries.
The work has included a critical review of the timesedad selection of Net calorific
values (NCVs) within the calculations, and in some cases has led to the use of new data
sources, for example in order to minimise the need for conversions. In otsasthe
work may have led to changes in the precisioinpfit parameters, with minor rounding
errors addressed. The total impact of these changes has not been quantified, but is
expected to be small, as the underlying methods and selection of most appropriate AD
and EFs has not changed for the vast majorityoafrces; merely the units of calculation
are now different. The changes will affect several NFR categories, and it is not practicable
to assess the impact from the routine recalculations across multiple models.

1.6.2 Quality Objectives

The key objectives of the QA/QC plan are to ensure that the estimates in the air polarent
greenhouse gas (GH@yentories are of a suitably high quality and will meet the methodological and
reporting requirements for UK submissions to the UNEDE-CCand EU) as set out within national
inventory reporting guidance from the IPE&nd CLRTA®R. The inventory data quality objectives are

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

1 Transparentn:

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 and on the inclusion of national and EU wide assumptions (e.gces@ategory
detail and the split between EU ETS amah-EUETS sources, implementation of
policies and measures, carbon contents of fuels, site specific estimates, national
statistics such as population, GDP, energy prices, carbon prices etc.).

0 The docurentation of QA/QC activities and their implementation using internal
checklists and summarised in relevant public material tegylIR.

1 Complete and include all relevant (anthropogenic) emission/removal activities, using
representative data for the nanal territory for socieeconomic assumptions and
policies and measures for all required years, categories, gases and scenarios.

1 Consistentacross trends in emissions/removals for all years (especially where applicable
between the historic and projectedstimates) and that there is internal consistency in
aggregation of emissions/removals. Where possible, the same methodologies are used
for the base year and all subsequent years and consistent data sets are used to estimate
emissions or removals from sa&s or sinks.

212006 IPCC Guidelines for National Greenhouse Gas Inventories: http://wwandgge.iges.or.jp/public/2006gl/
22 Guidelines for reporting emissions and projections data under the Convention (20L®&8&ion: ECE/EB.AIR/122/Add.1, 2013/3 and
2013/4) https://www.ceip.at/ms/ceip_homel/ceip_home/reporting_instructions/
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1 Comparable with reported emission/removal estimates compiled for other countries
through use of the latest reporting templates and nomenclature consistent with
reporting requirements. Using the correct NFR or IPCC category level and cunsigte
for expressing mass of emissions/removals by gas, split between EU EA@®-&EGETS
sources, scenarios, units for parameters and of input parameters with EU assumptions
(e.g. energy prices, carbon price, population etc.).

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

The overall aim of th&lAEIQA/QC systers to meet the above objectives, and to minimise the risk
of errors in theNAEIdata such that emission estimates are not knowingly eeeunderestimated
as far as can reasonably be judged.

TheNAEIRQA/QC system also reflects that quality is one oé¢hoften competing attributes for a given
project scope These arguality, time, and resources. Noting that the complete set of UK GHGI and
API estimates contain a large number of large and small contributors to emissions/remaals,
category analysis used to prioritise the most important categories (i.e. the higtesttting source
categories in the UK and/or the most uncertain sources). More resources and time are typically
directed towards method development, compilation, reporting and associate)@ activities for

these key source categories, with simpler methods and less rigorous approaches typically applied to
lower emitting/ more certain (norkey) source categories.

1.6.3 Roles and Responsibilities

The QA/QC plan sets out specific responsibilitieghe different QA (review) and QC (data controls,
checking) activities and to different roles within the NAEI compilation and reporting team. These are
embedded within compilation and processing spreadsheets and databases. Training and project
managemen communication across thénventory Agencyensures that these responsibilities are
clear, with specific tasks and checks sigonédat appropriate stages throughout the inventory
process.

The following responsibilities are outlined in the NAEI QA3EG:

1 QA/QC ManagerCoordinates all QA/QC activities and manages contributions from data
suppliers, sector experts and independent experts and undertakes cross cutting QA/QC
activities. Maintains the QA/QC plan,-oadinates action across the team to:tspuality
objectives, communicate and implement QA/QC activities, identify training and
development needs (individual, systematic).

9 Technical Directors / Knowledge Leadertead the technical development and
implementation of the NAEI programme, supportitige QA manager and Project
management team in delivering the project to meet technical requirements of
international reporting as well as kHfecific and other output quality expectations.
Manage periodic review and perform final checking activities ota dind report
submissions.

1 Project Manager Lead all key management activities includimgnagenent of the
project finances, commercial issues, liaison with Defra and, BiEESageand attend
project meetings, communicating project tasks and requirementghi® team and
oversee the dayo-day running of the projectManage team resources and support QA
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Manager, Technical Director and Knowledge Leaders in identifying and resolving resource
limitations (e.g. skills gaps, continuity planning).

1 Sector Experts Perform and overseesectorspecific and/or outpuspecific QA/QC
activities aml report to the QA/QC Managesector Experts should also collaborate with
data suppliers and other key stakeholders to review data quality (input data and outputs),
perform qualty checks on supplied information, assess and report on uncertainties
associated with NAEI outputs. Identify improvement requirements for their tasks /
sectors and promote / implement crossitting QAQC improvements by sharing best
practice and engaging team communication activities.

1 External Review Experifrovide expert/peer review of emission estimates / methods
for specific sectordgdentify key findings and inventory improvement recommendations,
and report to the QA/QC Manager.

The QA/QC plan sebut a detdled timeline for QA/QC checKghe timeline is designed to fit in with
compilation and reporting requirements for all UK GHG and Air Pollutant reporting commitments.

1.6.4 Implementation of the QA/QC Plan

Figurel-9 gives an overview of the inventory compilation process and associated 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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Figurel-9 QA/QC Activities throughout the NAEI Cycle
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1.6.4.1 Quality Control and Documentation

The NAEI Quality Control (checking, documentation archiving) occurs throughout the data

gathering, compilation and reporting cycle and illustrates the process of data checks used within the

b! 9L O2YLRAtlIGAZ2Y OeOfSo ¢KS K2NRT2ydlf o0FNB &aey
it meets the gality criteria and the appropriate checks have been performed. The key activities that

are undertaken and documented to check the estimates include:

1. Checking of input data for scope, completeness, consistency with data for recent years
and (where availake) verification against other independent datasetS€ompilers check
the incoming data from data providers to assess whether the data are complete and
consistent with data for recent years. In some cases, checks are performed to compare
data between indivdual operators (e.g. gas composition data from multiple UK gas
transporters) and between different reporting mechanisms (such as comparisons of
operatorreported activity and emissions data between IED/PRTR and EU ETS). For
several sources, productidmasel emission estimates can be compared with other data
(e.g. sales data, plant capacity data) to check that the trends and values are reasonable.

2. Analysis of internal inventory energy and mass balancasd other statistics
assumptions against National Stétis input data (e.g. DUKES and ONS). Mass or energy
balances are performed for each major fuel in the UK economy and any deviations from
UK energy statistics are checked and documented. Several sector methods for key
categories also have Tier 2 checksigsess internal consistency, such as carbon balance
checks for the carbon flows through integrated iron and steel works.

3. Completeness checksThe database is checked for completeness and consistency of
entry across the different pollutants and gases. Fearaple, 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. Recalculation checksThe latest inventory dataset is compared against the previous
inventory submission. Any recalculations are documented by inventory compilers and
signed off by checkers. Reasons for the recalculations are documented, e.g. method
improvements, revisions to input data or assumptions. These recalculation notes are
referencad within the inventory database to facilitate reporting and transparency of
recalculations.

5. Timeseries checks and benchmarking check$ie timeseries of emissions are checked
for step changes, trends and any outlier data (e.g. outlier EFs or peakgidjgsivity
data trends). Any unusual features are checked and explained, with reasons for
significant trends and outliers documented in the method sections of the IIR. Implied
Emission Factors (IEFs) are checked against previous estimates and for keyiesteg
against defaults (from EMEP/EEA, IPCC guidance) to identify any notafpedific EF
outliers.

6. Method implementation checks A range of common checks are performed across
inventory calculation models, such as: checking that units are correct faut in
parameters; checking that selection of Net Calorific Values (NCVs) or default EFs is
consistent across years / pollutants; checking for either new emission estimates (e.g. due
to new UK data or new methodological guidance or the provision of EFs fog mo
pollutants within the latest EMEP/EEA Guidebook) or for any missing emission sources
compared to previous submissions; and EF sehseks such as Rt PMs.

7. Reporting checksinventory submissions are checked to ensure correct allocation into
the NFR 2019 and common reporting format (CRF) categories. Emission totals at national
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database outputs, to minimise risks of data transcription errors into reporting tetegla

Figurel-10 Quality checks throughout the NAEI compilation process
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Checking and documentation is facilitated by specific custom data storage and handling systems
alongside procedures developed for the NAEI compitatihat include:

1. A database of contact®d 1 KS aO2y il Ota RIFIGIolIaSéw [ 2yalAy
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
inventory. This database tracks all data sources and suppliers used for the estimation of
emissions with unigue references allocated to datasets through the inventory compilation
process. The contacts database also tracks all outputs from the API including formal
submissions and data supplied in response to informal anti@ddata requests.

2. Individual data processing toolare used to prepare the majority of source data into suitable
activity data and emission factors for NAEI estimates. These data processing tools
(spreadsheets and Database models) incl@@ procedures, summaries and source data
referencing within themThe QC procedures include embedded (in the tosdg}or specific
checks(e.g., energy/mass balance and default emission factor checks for cospcific
emission factors, and implied emission factor checking). The QC procedures, within each
tool/spreadsheet, includecalculation input/output checkingcells and flags to identify
calculation errorsThe QC summargheets in each tool/spreadsheet piides an intuitive
mechanism for documenting and summarising all checking undertaken on a model. It 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 assumptiongthods, data processing activities and
progress; the scope of activities, gases and years included; relationships with other processing
spreadsheets (where intatependencies exist); records of authorship; version control and
checking. All relevarellsin the data processing spreadsheets are colour cdde@ase 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 suygtier
in the contacts database so all source data can be traced back to its originator and date of
supply.All spreadsheets are subject to secgmerson checkingrior to data uploading to the
NAEI database.

3. A core database (NAEI database) of Activity Datad Emission Factomsith embeddedTier
1 QC routines (as defined at the start of Sectibf), data source and data processing
referencing. The dabase provides the quality assured dataset of emission/removal
estimates used for reporting (including NFR population), responding {feoadjueries or
deriving other downstream estimates (e.g. emissions by Devolved Government and emissions
by Local Authodty). The detailed Activity Data and Emission Factor components for each
source category are held within the NAEI database and include all sources, activities,
gases/pollutants (APl and GHGI), territories and years. The majority of data in the database
are imported directly from the individual data processing tools/spreadsheets (as described
above).To ensure data source transparency,data points in the database carry a reference
that pinpoints either the upstream data processing tools used to dehealtaita, 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 bifit data can be easily traced and summarised
in reports). Automated data import routinesused to populate the database minimise
transcription errors and errors resulting from importing data that still itself contains errors
even after previous checkinghi§ 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 specifit QA/QC criteria of data checking, completion and consistency. A
number ofdetailed QC checking queriese embedded within the database that facilitate
annual QC activities, as defined in the QA/QC Plan, including:
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a. Checks with previousubmissions for changes due to recalculations or errors at a
detailed level, by soureactivity-pollutant (a designated auditor identifies sources
where there have been significant changes or new sources. Inventory compilers are
then required to explainitese changes to satisfy the auditor);

b. Assessment of trends and timeseries consistency for selected key sources, including
QC of activity data and emissions of high priority pollutants;

c. Mass balance checks for all major fuels to ensure that the totaldore$umptions in
the APl and GHGI are in accordance with those published in the official UK Energy
Statistics in DUKES, and that any exceptions or deviations are documented and
understood;

d. Input2 dzii LIdzi OKSOl1a F2NJ 1S@& !Y Y2&Kfordthel2z O2Yy
processing of data from upstream models, such as for the agriculture sector;

e. Industryspecific checks, to compare NAEI output data against operafmrted data
via other mechanisms, such as EU ETS, Industrial Emissions Directivé {&sb).
checks enable higlevel checks on the data consistency for heghitting source
categories (e.g. power stations, refineries, cement kil and steel works) for
priority pollutants (e.g. CONQ);

f. Other activity data checks (e.g. production and canption with official national
statistics);

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

h. A consistency check between NFR260ditput and IPCC CRF formatted output.

4. Data extraction checking routines andrgcedures 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 thatany 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 reportsto UNFCCC and UNE@#ovide 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 repors include details of planned prioritised improvements identified by the Inventory
Agency and agreed by the National Inventory Steering Committee (a@marnment body
focussed on the UK GHG inventory work programme), and from Expert and Peer Rewjews. An
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, online
manuals, electronic source data, records of communicatipaper source data, output files
representing all calculations for the whole timeseries are frozen and archived on a central
server. Electronic information is stored on secure and separately located servers (with one
acting purely as a baakp) that are reglarly backed up. Paper information is archived in a
Roller Racking system with a simple electronic database of all items references in the archive.

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

Quality Assurance and verification activities provide an objective, independent reviewerftory

source data, methods and assumptions. These activities are primarily conducted to assess compliance
with reporting requirements (e.g. comparing NAEI methods against international guidelines) and also
to identify areas for future inventory improveent. QA and verification activities include:

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

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

3. Peer/Expertreview of methods, assumptions and data sources for new / revised estimates
and on a periodic basis for key categortesdetermine whethe 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 meamnts).

This section describes a number of specific QA activities and procedures.
1.6.5.1 External Peer Review

Thelnventory Agencynay draw upon a team of air quality and emissions experts (from outside of the
core NAEI team) in order to conduct periodic pemriews or validation on sections of the inventory.
These peer review experts are typically knowledge leaders from the emissions inventory, Air Quality
(AQ) modelling and research communities who use inventory data as part of their wider studies.
Individual reviews may be commissioned, but also many of the peer review team conduct studies
funded from other sources which give direct feedback on the robustness of the emissions inventory
estimates.

In addition, the Air Quality Expert Group (AQEE&gularly 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. Specifically, AQEG gives advice on levels,
sources and characteristics of air pollutants in the UK and as such regularly utilises and scrutinises API
data. A senior member of thinventory Agencys a member of the AQEG and is able to answer
guestions, provide advice and address issues associaithdtive use of APl data to the inventory

team.

1.6.5.2 Bilateral reviews

The UK also undertakes bilateral and external peer reviews that are managed as part of the NAEI
improvement programme. Bilateral reviews are initiated with other countries as a means tdiearn

good practice of 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 (seBablel-10).
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Table1-10 Summary of Recent Inventory Reviews

Review description

Summary

2019: National Emissior
Ceilings Directive (NET
Review

In-depth review of the UK API inventory under the EU NECD cond
by an expert team on behalf of the European Commission, focu
on the main NECD pollutantS@, NG, NMVOC, N§IPM.s) together
with heavy metals and POPs.

2018 Expert review of the
agriculture sector

Following the major change in the UK methodology for m
agriculture sources that was implemented in the 2018 submissio
move to highettier methods, the UK invitedn experienced UNEG
and UNFCCC reviewer toncluct a focussed expert review of the ne
UK methods. This was conducted during autumn 2018 and the fin
from the review will feed into plans for improvements for the 20
submission.

Annual (semiautomated)
Stage 1 and Stage
CLRTAP reviews

The EMERMmission centre CEIP uses s@amiomated routines to carry
out annualinitial check of submissions for timeliness, completen
and formatgthe sccalled Stage 1 review). CEIP also compile an ar
synthesis and assessment of all national submissivih respect to
consistencycomparability, key category analysis, trends of emiss
data (the secalled Stage 2 review). Results are publisheg
March/April on theCEIP websiteand review findings are considerg
for action within the NAEI improvement programme.

2017, 2018, 2019
National Emission Ceiling
Directive (NECD) review

In-depth review of theNAElunder the EU NECD conducted by
expert team on behalf of the European@mission, focussing on:
2017- SQ, NG, NMVOC, NHPM: s

2018- Metals and POPs

2019- Review of the action taken to address previous finding&0df7
and 2018 NECD reviews, and the identification of any new iss
arising

Recomnendations made irthese reviews will beconsideredin the
NAElimprovement programme.

2016 Stage 3 UNEC
Review

In-depth review of the UK API inventory submitted under the UN
CLTRAP and EU NECD. The review was coordinated by the
emission centre CEIP acting asie&v Secretariat. This review h
concentrated on S NQ, NMVOC, Niblus PMo and PM; for the
timeseries years 1992014 reflecting current priorities from the EME
Steering Body and the Task Force on Emission Inventorieg
Projections (TFEIP). &l metals and persistent organic pollutar
(POPs) have been reviewed to the extent possible.
Recommendations made the Stage 3 reviewvere considered irthe
NAElimprovement programme.
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Review description

Summary

2015 Bilateral review of
the Energy and Industrig
Processsectors

Bilateral review with Denmark, focusing on the energy bala
refineries, Reference Approach, mobile and fugitive sources
industrial processes. The recommendations from this review have
into the NAEI improvement programme.

2015 Multi-lateral review
on QAQC.

Hosted by Germany and including QA experts from UK, Denr
France and the Netherlands, the review compared Member S
approaches to QA/QC, reviewing the requirements of the 2006
Guidelines, to identify common approaches, asef uncertainty ang
interpretation of the Guidelines. The aim was to exchange ¢
practice and identify where the GLs were open to interpretatior
order to derive a common approach for EU Member States.

2006 - 2015 Annual
UNFCCC review

Annual reviewby the UNFCCC expert review team. Reviews high
reporting issues of transparency, completeness, consiste
comparability or accuracy that need to be resolved by the THe€se
reviews are focussed on the GHG inventory rather than the
inventory, lut nevertheless identify areas for improvement that ap
across all of the NAEI programme.

2014 Bilateral review of
the energy and waste
sectors

Bilateral review with Germany, focusing on the energy balance,
and steel, refineries, thehemical industry and waste and biofuels. T
recommendations from this review fed into the NAEI improvem
programme.

2012 Peer review of al
sectors (excluding Sectg
5). Conducted by E
Technical Expert Revie
Team

The review focussed on non LULUCF sectors and provided a rep
each Member State (including the UK) highlighting recommendat
for improvements as well as documentation of any revised estim
as a result of the review. The UK made 3 minor revisias
recommended by this review for lime production and burning
biomass for energy to address underestimates, and for Dairy Cat
address anoverestimate The review also presented another
recommendations for the UK to consider.

2008 Bilateralreview of
Agriculture (4) with the
French inventory team

The objectives of the review were to develop emissions inven
capacity in collaboration with France, and to provide elements
expert peer review to meet quality assurance requirements un
national inventory systems e.g. Article 5, paragraph 1, of the K
Protocol and European Union Monitoring Mechanism (EUMM)
280/2004/EC. Specific activities undertaken included sharing (
practice between the UK and France and the development of ifieg
efficient future technical collaboration.
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1.6.5.3 Stakeholder Consultation and User Feedback

Thelnventory Agencgonsults with a wide range of stakeholders in order to ensure that the NAEI uses
the best available data and research, interprets informatioonfrdata providers correctly and
improves outputs to address user requirements.

The inventory data are used by a wide range of UK air quality researchers and detakiens
including users of data for air pollution modelling and air quality review andsassent work
undertaken by local authorities; these users provide regular feedback regarding possible
improvements to sourcspecific or spatiallyesolved air quality emission estimates. Tihgentory
Agencyalso manages an annual programme of stakehoklggagement 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, resgah organisations, government departments and agencies, regulators and
academia, as well as numerous emails and phone calls each year. The programme of meetings, calls
and emails is aimed at raising the profile of the NAEI work programme and identifyingesearch

that may lead to new data for the NAEI. 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 thénventory Agenyg). Regular and important stakeholder consultations
include:

Department for Business, Energy & Industrial Strategy (BEIS)

1 The Inventory Agency met with the BEIS energy statistics team that produces the Digest
of UK Energy Statistics (DUKES)isouss changes (to both activity and methodology) in
the 2019 publication of the statistics, in order to ensure correct interpretation of the new
statistics in the 220 submission. Thénventory Agency has regular contact with the
DUKES team and works émsure that any revisions in the DUKES data are reflected
accurately in the inventory, and where necessary that timeseries recalculations are made
in consultation with the DUKES teaRor example, during 2019 tHaventory Agency
worked with BEIS to addregroposed revisions to the solid fuel use sector allocations,
based on consultation with the Coal Merchants Federation.

1 Consultation with BEIS OPRED to request clarifications on the scope and completeness of
EEMS reported data for several individual atisttions, to ensure correct interpretation
of the available datdn the 2020 submission this was especially focussed around fugitive
methane and well testing emissions.

Environmental Regulators

1 Meetings, teleconferences and emails with sector experts anussion inventory
analysts from the environmental regulatory agencies in the UK (Environment Agency
EA, National Resources Wal®RW, Scottis EnvironmenProtection AgencySEPA and
Northern Ireland Environment Agency NIEA) and plant operators.These were
undertaken to address sourempecific emission factor uncertainties and obtain up to
date information regarding sitepecific activities, abatement and changes to plant design
or scope of reportingn some instances, this has led to correctitmprevious esmates.

1 Consultation with industry regulators such as OFGEM and UREGNI has helped to improve
the quality of data used for gas use and fugitive emission estimates from the gas network.
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Other data providers

1 Consultation with the Iron and &l Statistics Bureau (ISSB) to access more detailed
statistics than are available through publications and to confirm the reporting of energy
units;

1 Consultation with the Department for Transport (DfT) to discuss the potential use of MOT
data for improvirg the relative mileage with age assumption for road transport and to
discuss the methodological approach applied for the analysis of ANPR data to develop
the fleet composition;

1 Discussion with the Environmental Analysis team at DfT about fleet modelling
assumptions; this might lead to changes in the fleet turnover assumptions for the next
submission;

1 Consultation with Tata Chemical (soda ash producer) and trade bodies representing soda
ash users in order to gather data so that emissions from soda ash ukkbmoestimated
for inclusion in the 2020 submission of the UK inventory. Previously the inventory only
included emissions from soda ash used to produce glass; this consultation enabled us to
guantify soda ash consumption by other industries and relateissions;

1 Consultation with Environmental Compliance team of the Ministry of Defence (MoD) to
seek improved understanding of the fuels data the MoD provides for military aviation
and naval shipping. Of particular interest was understanding the source i fuels
data and how it is derived, how fuel supplied for overseas operations is accounted for,
understanding the different types of fuels used for military aviation, emphasising the
need for timeseries consistency and getting information on grebaskd machinery and
military transport. The MoD was given a better understanding of the inventory
NBIljdzZA NSYSyi(iax YR gKAfad AG gt a dzylotS G2
inventory submission, it agreed to work with its data providers to deiae what may
be possible for future submissions.

1.6.5.4 Verification

Defra has an ongoing air pollution mapping and dispersion modelling programme which compares
emissions inventory data 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 pollutaht€.S | Y Q&
inventory programme has included verification activities undertakach year involving experts from

the air pollution science and modelling communities who use specific inventory information to analyse
and nterpret ambient measurementd.he activities usually focus on specific sources or pollutants and
require use of he spatially resolved inventoryn recent years, the focus has been on road transport
emissions where timeseries trends in emissions or pollutant ratios have been compared with trends
and ratios in roadside concentration§hese were usetb highlight dscrepancies in the trends for

NQ (as NQ) emissions from road transport, suggesting problems withettréssionfactors used for

recent Euro standard diese&lars. More recently, improvements in the emissions inventory for
domestic wood burning includintipe spatial distribution of PM and benfa) pyrene emissions from
iKSas a2 dz2NDSa KI @S 0SSy GSNRTFASR i KNP dz3 K
programmeé?. Comparisons in modelled concentrations of ber(ap pyrene in urban areas have
significantly improved since the inventory and maps of domestic solid fuel burning emissions were
updated A recent publication on the trends in ethane and propane concentrations in the UK

23 https://uk-air.defra.gov.uk/data/modellinglata
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measured from 1992012 through the De& Hydrocarbon Monitoring Network has highlighted
possible inconsistencies in the inventory of VOC and methane emissions from natural gas leakage
(Derwentet al., 2017).

Further longterm research is carried out by universities fundeld N2 dzZ3 K (G K &rch! Y Q&
councils.This 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 vifentory data and more recently, have
included the use of earth observation datasefsmember of thdnventory Agencys represented on
5STNIFQa ! v9D gKSNB (GKSNB FINBE 2L NIdzyAGASa G2
information together ad discussed in relation to important air quality policy issues.

The work of AQE@nd other UK researchers (as noted abdwelps to highlight importaninventory
verification issues and enables Defaad the Inventory Agencyto identify and prioritise future
research on emissions, measurements and it@gnimprovements.

1.6.5.5 Inventory Improvement Programme

New information needs to be regularly assessed to ensure the inventory is accurate -todaie.

The API and GHGI estimates are updated annually acmtparate as many improvements to
methods, data and assumptions as possible. This annual revision of the full timeseries ensures that
the inventory reflects the latest scientific understanding of emission sources and removals, and that a
consistent estimabn methodologyis used across the full timeseries. Continuous improvement of the
inventory is delivered through a process of reviewing inventory data followed by a programme of
targeted research, data gathering and/or revisions to methods and data soutogsroved
understanding of the science and policy relating to GHGI and API is also greatly enhanced through
participation in related international activities. The improvement programme is managed through
maintenance ofano@ 2 Ay 3 af A @S¢ iniproverientgd and pbodlams dhst thé iBventory
team find at any time of the 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 the management of
improvement tasks to the APl and BEIS for the GHGI. Improvements to activity data that improve the
accuracy of both AQ and GHG emissions are jointly owned but led by ot ather of the
departments. Specific activities that feed into the improvement programme include:

9 Participation in technical national and international projects, workshops, conferences
and meetings (including TFEIP/CLRTAP meetings, EU projects, wgniipg and
guidance writing, authorship and review of IPCC Guidelines and EMEP/EEA Guidebook
chapters, UNFCCC negotiations, provision of expertise to the UNFCCC and UNECE
inventory review, expert participation in the European Topic Centre on Air and €limat
Mitigation).

On-going data collection and inventory compilation.

Stakeholder consultation including specific improvement feedback from the wider user
community including users of data for modelling and Local Authority review and
assessment work.

Assessmat of results from the annual uncertainty assessments.
Recommendations from external and internal reviews.

Potential issues identified through inventory verification projects.
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In recent years, the improvement programme implemented a numbespxcific consultations,
bilateral reviews, research projects and analysis to improve the inventory estimates reporting for the
NAEI. These include:

1

Ammonia from Anaerobic digestion (2019As part of the 2020 reporting cycle,
ammonia emissions from anadyic digestion, composting at permitted sites and landfill
underwent methodological review. This new methodology was applied to the entire
timeseries (199€2018); the reviewed activity data timeseries has been used for
recalculating UK estimate emissiong 020 submission. Overall ammonia emissions
from UK nomragricultural sourcesSectors 2D, 5, 6 and 11) were affected by this
improvement.

Consumer products (2019During the 2020 reporting cycle, thiaventory Agency
purchased data consumer product satkta from Euromonitor. The data comprised of
sales in mass and volume terms of personal care and household products helped to
ensure activity data and emissions from 2D3a were more accurate. Following the
generation of emissions from this data, stakehaoldensultation produced improved
emission factors for a couple of products.

Rail (2019)Improvements have been made to the 2018 NAEI rail emission estimates.
Key emission factors used for rail were revised basedrenentRSSProjed to develop

new factors by engine notckin units of g/km) for NOx anéM.o which covered around
50% of tle UK diesel fleet. The new emission fact@iect betterthe actual operation

of diesel enging andthe nonlinear relationship between engine power output and
emissions of air quality pollutants.

Shipping Study (2017The UK Government funded a majesearch project to develop

a new shipping inventory to cover activity and emissions in UK ports and waters. The
study team accessed new shipping movement data from Automatic Identification System
(AIS) transponders that send signals from each ship witKimdters to the UK Marine
Coastguard Agency. The analysis provided much more detailed, comprehensive
information on shipping movements, estimates of utilisation of primary and secondary
units on each ship (e.g. engines, boilers) and led to a large res@beuin the estimates

of fuel use and emissions for the sector.

Solvents Study (2017A programme of consultation with a series of trade associations
(such as the British Coatings Federation, British Aerosols Manufacturers Association,
European Solventindustry Group, Cosmetics, Toiletries and Perfumery Association,
British Adhesives and Sealants Association) has provided new data that enabled the
Inventory Agencyo update several sector estimates for NMVOC emissions.

Biological treatment of waste (208). This work involved geview of ammonia emission
factors for anaerobic digestigmas well as eeview ofactivity datafor anaerobic digestion
andMechanical Biological Treatme(NIBT).

Road transport emission factors for N@2016 were updated with tle latest version of
factors in the 2016 version of the 20BBVIEPEEAGuidebook and also in consultation
with the COPERT model development team at Emisia.

Analysis of EU ETS data (every ydarassess sectespecific fuel use and fuel quality, to
compare and challenge the UK energy statistics, identifying potential gaps or
inconsistencies in sector allocations, to resolve through dialogue with the BEIS energy
statistics team.

Iron and Steel sctor estimates (2014L5). Consultation with BEIS DUKES, ISSB and Tata
Steel led to improved data access for detailed activity and emissions data from integrated
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steelworks and improved reconciliation of industry energy data against the UK energy
balance m DUKES. The research has led to a number of activity data corrections-and re
allocations, where the industry information helped to identify ralcations 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 competeness, accuracy, timeseries consistency and transparency.

T NGO and PM, emissions from small regulated industrial processes and commercial
plant (2015) Improvement of the methodology for Piand NQ emissions from small
scale combustion processes indilng those in the commercial sectors, to use the 2016
EMEPEEAGuidebook factors.

1 Review of emission factors for small combustion plamarticularly for pollutants such
as NQas NG, CO, P & POPs.

1 NMVOC emissions from adhesives use and cleaning sd$vei2015, ongoing):
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.

1 Feadstock vs combustion of Other Petroleum Gas (OPG) (2013, 2014, 201be):
Inventory Agencygonsulted with the BEIS DUKES team, EU ETS regulatespesitic
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 timeseries
(reported under 1A2c). As in previous years, data discrepancies between DUKHES$ and
ETS for the refinery sector were noted and resolved through consultation with the BEIS
DUKES team, EU ETS regulators and checked against data provided by the refinery sector
trade association, UKPIA;

1 Coke oven coke, shipping fuel use and bunker defmits (2014): Additional
consultation with the BEIS 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;

1 Ondore oil and gas terminals and offshore installations (2014, 201Ggnsultation with
the BEIS 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;

1 Road traffic data (2014, 2015, 20173pecific consultation with the Department for
Transport Taffic Statistics team has secured the provision of anonymised Automatic
Number Plate Recognition (ANPR) data to compliment vehicle counts and potential new
data on vehicle speeds;

1 Rail (2014)Consultation with the Department for Transport has securedrowed data
from their new Rail Emissions Model for updating the rail emissions inventory.

1 Wastewater treatment and sewage sludge treatment and disposal (2014, 2015):
Consultation with Defra and the water industry regulator (OFWAT), the Environment
Agency ad 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. THaventory Agencyperiodically meets with Carbon Managers
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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.

1 Incineration and Landfill (2014, 2015Research with th&A and Defra has progressed
our understanding of the data availability for landfill methane flaring and use in gas
engines. Several research tasks in recent years have led to significant improvement in the
UK data for landfill gas capture and utilisatfoom a wide range of landfill sites.

1 Natural gas distribution (2014, 2015Fonsultation with natural gas distribution network
operating companies, BEIS and Energy UK to: (i) obtain new data on the estimated gas
leakage from the transmission system to irope inventory transparency, (ii) a review of
the timeseries of gas leakage through the distribution network, and (iii) to obtain data
on actual (rather than weatherorrected) annual gas demand through all of the regional
distribution networks, in orderd improve the accuracy of the aggregated UK estimates
for natural gas composition;

9 Limestone and dolomite use (2014Fonsultation with the Mineral Products Association,
British Glass and the British Geological Survey to review data inconsistenciesomalnati
activity data for limestone and dolomite use, access sesparcific production statistics
and therefore to derive improved activity data for several industry sectors;

1 Renewable energy consumption (including biomass) (2014, 20C6psultation with tie
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 indségifc
publications and datasets.

1 Coal Mine Methane (2014)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 eiss in recent years. Previously
the inventory estimates were based on data from mines that accounted for around 80%
of UK production, and this consultation enabled a more complete, representative UK
dataset to be used in the inventory;

1 Devolved Governmentolid and liquid fuels (2013, 2015A 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 resolved geographically and/or by sector, in order to help
inform improvements to the UK sector allocations and also the Devolved Government
inventory totals. This research was revisited in 2015 and included consultation and
NEGASE 2F NBLRNLA LJzof AaKSR o0& | SNJ al2Sade
research also wideconsultation with oil brokers, local councils, the Climate Change
Agreements (a national policy reporting mechanism operated by BEIS), the National
Housing Model, Welsh Government research into gas network expansion and fuel
poverty;

i Off-road machinery ativities (2014) A review was undertaken with stakeholders to get
a better understandig 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
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1.6.5.6 Capacity Building and Knowledge Sharing

The UK actively participates in capacity building and knowledge sharing activities with other countries.
The list below highlights some recent examples of these activilies.focus has mainly been on the
GHG Inventory, which has in turn helped the AQ Inventory.

1.

10.

11.

12.

13.

14.

15.
16.

Knowledge sharing on emissions inventory compilation methods with Moscow State
Government officials

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

Knowledge sharing with Chinese energy statisticians on GHG emissions trading and statistics.
Capacity building activities in South Africa in the agriculturabsec

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

Knowledge sharing with the Chinese Energy Research Institute regarding the UK experience
of integrating facilitlevel cata 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 forGHG emissions, working from provincial and faeiétyel data.

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

Knowledge sharing with Ruagsiand French inventory teams.

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

Knowledge sharingvith and technical assistana® the Vietham inventory teamno help
develop the national inventory system

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

Study visit by delegation from the Chinese National Center for Climate Change Strategy and
International Cooperation (N&C) as part of their wedng visit to the UK arranged IBEIS
Ricardo hosted representatives from NCBE)Sand Welsh Governmenfpresentingon
compilation and usage of national, devolved, local and city inventories.

In 2018 theNAElteam collaboratedwith peers from the EU Working Group 1 to draft a note
for circulation to all Member States regarding thempositionof road transport biofuels,
based on our research with the UK fuel supply chain;

The UK experts on inventory verification and the InTEMeh@drom BEIS and the Met Offige

have engaged with verification experts from other countries and across other research
institutes through the IG3IS symposium and user summit in November 2018 in Geneva,
Switzerland, in order to share knowledge and exgace from the UK programme and explore
options for further development of these techniques to underpin emissions inventory
verification at a range of spatial scales, and/or targeted at specific industries / sources.

Knowledge sharing with the Malta LULUE&m in 2017 (UKCEH).

NAEI experts provided capacity building project in the Kyrgyz Republic funded by the World
Bank in 2018 (Ricardo with UKCEH).
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1.6.6 Treatment of Confidentiality

NAEI input data from some sources are subject to commercial confidentiatitygbly where the
production data and/or activity data for a specific installation or company are identifiable. For
example, there are confidential data indicating the plant production capacity for specific industrial
plant (e.g. cement kilns, chemical ptgnannual sales data of specific commodities (e.g. sporting
goods) and also details of fuel use for specific installations (e.g-lefagitdata from EU EF8gulated
installations).

It is important therefore that in the management of these datithin the NAEI system, and in the
publication of emission estimates (and other data) relating to these data sources, that the NAEI does
not disclose such commercially sensitive information.

There are several mechanisms that tteventory Agency Ricardo,and the wider inventory
compilation teams (e.g. Rothamsted Research) deploy to ensure that disclosure of confidential data
does not occur:

1 The provision of sensitive raw data to theventory Agencyif not through direct
communication with the data sourcerganisations, is managed Jxefra orBEIS using
file encryption with password protection;

1 Confidential data, such as the EU ETS dataset, is managed by the Inventory Agency on a
passwordprotected secure server which has limited access rights, i.e. aicisiited to
the relevant compilers and checkers only;

1 Within the NAEI database tables, there are specific data fields to identify confidential
data. These are applied to cover all of the associated data, such as emissions, AD and EFs,
in order to minimse the risk of mistakenly releasing sufficient information that the
confidential data can be inferred. These database data fields then enable ease of
identification of risk of data disclosure in any NAEI database output (e.g. data at different
spatial sckes, such as for a specific Local Authority or in mapping outputs);

1 Confidential data assignations are periodically reviewed, and in every routine data
request for input data for the NAEI the organisation providing the data is given an
opportunity to idenify confidential data;

1 Where data outputs use the confidential data, the data are reported at an aggregated
level ¢ either with other sources (e.g. in the case of sporting goods), or over a larger
geographical area (e.g. in the case of emissions mappitmuuwhich are usually at
1km x 1km resolution, data for some sources are aggregated and smeared over a larger
area, typically 10km x 10km). This may mean that the UK cannot report exactly in line
with the expected level of sectoral resolution as defimethe NFR reporting format for
air pollutants, but this is considered an acceptable traffethat is necessary to protect
sensitive data.

The UK Informative Inventory Reports from thed80R onward¥, and estimates of emissions of air
guality pollutans, are all publicly available on the web; $g#p://naei.beis.gov.uk/

24 Earlier versions of the IR can be found on EIOKRET:/(cdr.eionet.europa.eu/gb)
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1.6.7 Uncertainty Assessments

An uncertainty analysis for national estimates of NAEI pollutants has been undertaken using both the
Tier 1 uncertainty aggregation method, and a more comple’d aomprehensive Mont€arlo
analysis, as described in chapter 5 of the lalEIiEPEEAGuUidebook.

The Tier 1 methodology investigates the impact of the assumed uncertainty of individual parameters
(such as emission factors and activity statistics) uponutheertainty in the total emission of each
pollutant. Uncertainties are assessed for the NECD and Gothenburg Protocol base year (2005) and the
most recently reported year by source sector and by pollutant.

Results from both the Tier 1 methodology and there-Carlo analysis are presented in Chapter 1.7.
These results are used to plan the programme of inventory improvement.

1.7 Uncertainty Evaluation

I O0O2NRAY3A (2 GKS wnnc Lt/ / 3FdARSEAYSaz al!y dzy OSN
a means o help prioritise national efforts to reduce the uncertainty of inventories in the future, and

3dzZA RS RSOAaA2ya 2y YSGK2R2t23A0Ft OK2A0S¢éd ¢KSN
dispute the validity of the inventory estimates, but to proviée indication of where future
improvements may be best made. TER#EPEEAGuidebook requires Member States to undertake

an uncertainty assessment of the national totals of each pollutant reported under the CLRTAP.

Evaluation of uncertainty is undertakeny la Tier 1 uncertainty aggregation assessment as indicated

in Sectionl.6.7. Uncertainty estimates are shown Trable1-11. These estimated uncertainties are

one of the indicators used to guide the NAEI improvement programme, which aims to reduce
uncertainties in the NAEI. More information on the analysis for some of the key pollutants are given
in the subsequent sections including details on a sectoral basisaftr @ these pollutants (given in
Ammonia emission estimates are more uncertain than those for SOx @sNBOx (as N£ and
NMVOC and are dominated by uncertainties in the estimates of emissions from agricultural sources,
which represent the majority ofhe national total ammonia emissions. Although the UK uses a
detailed (largely Tier 3) approach to estimating emissions from agriculture which accounts for
different animal sukcategories and management systems, it is not possible to fully represent the
many factors influencing emissions from what are often diffuse emission sources including things such
as animal stocking densities, daily weather, soil type and conditions, etc. These are therefore reflected
in the uncertainties associated with individual ession factors. Further work to characterise the
uncertainties in emission estimates using the revised NAEI model are ongoing and will be fully
reported in the next submissiafTablel-13to Tablel-20).

Note that, due to time constraints, the uncertainty analysis has not been updated to fully reflect the
differences to uncertainty due to the adoption of new methods and data for estimating emissions
from agriculturerecently. These parameters will be reviewed and incorporatedaffutureinventory

cycle. It is likely uncertainties will be lower than theremt assessment, as the new methodology
makes use of data and methodologies which we have higher confidence in than previously but would
be of a similar order of magnitude. These updates are likely to be particularly significant for Ammonia,
due to the rdative significance of agriculture emissions to this pollutant.
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Emissions Estimated Uncertainty
Pollutant

2005 2018 Trend 2005 2018 Trend
PMho 203 175 -13.9% 32.8% 46.1% 18.8%
PMs 124 107 -14.1% 29.1% 56.3% 36.6%
SQ(as SE) 773 160 -79.3% 6.6% 17.7% 3.0%
NGO (as NQ) 1728 823 -52.4% 6.3% 8.1% 3.4%
NMVOC 1158 804 -30.5% 12.5% 18.6% 9.6%
NH: 279 276 -0.9% 44.6% 47.6% 17.7%
Pb 0.16 0.09 -40.1% 52.0% 61.9% 15.9%
Bla]p 5948 8060 35.5% 302.6% 393.2% 161.0%

aData are presented ikg for B[a]p and kt otherwise, and are to the nearest integer, or to 2 decimal places
b the range of +the percentages given represents a 95% confidence interval. Because the Tier 1 approach used does not account for
asymmetric distributions these values can be greater than 100%. This does not indicate that emissions could be neghtveéhdutlues

are very uncertain, and a skewed distribution is expected. Data are presented to 2 significant figures
¢This is the 95% confidence interval from the central estimate of the trend, e.g. if the trend in emissions is a decre#sarod tharend
uncertainty is 5%, then the 95% confidence interval would be a decrease of between 45 and 55%.

dB[a]p is benzo (a) pyrene

This Tier 1 assessment has been undertaken for several key pollutanalysis of a more
comprehensive list of pollutants il be considered in the future, if resources alloWable 1-12
presents a summary of uncertainties determined previously using a Tier 2 Monte Carlo approach.

The uncertainty ranges derived previously are not comparable with those from the current Tier 1
methodology. This is because there have been changes to thatiy since the figures ihablel-12

were derived, and because the assumptions used in the current uncertainty analysis have been
improved since ttg earlier uncertainty analysis. The uncertainties shownaiblel-12 are presented

to indicate the relative uncertainty of pollutant inventories itee results suggest that the inventory

for CO {20% to +30%) is slightly less uncertain than the inventory for-Bi@b(to+>50%ktc.

The uncertainty figures derived from the Tier 1 uncertainty analysis are all higher than the figures
derived previouslyrom the Tier 2 Monte Carlo analysis e.gx &3 S@ was +# 4%, NMVOC was -/
10%, ammonia was +20%. No analysis has been undertaken using the Tier 1 methodology with the
same inventory data as used for the Tier 2 approach (2012 NAEI data) eltafotk not possible to
conclude how much the observed increase in inventory uncertainty is due to changes in
methodologies and how much is due to changes in the inventory data itself.

Whilst the Tier 1 method has generated significantly different estimatt uncertainty for some
pollutants (S@(as S, NMVOC, B[a]P in particular), the ranking of pollutants is generally similar to
that obtained previously.

25Emissions are expressed on a fuel used basisthe LRTAP compliance totals in the Annex 1 Emission reporting template.
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Table1-12 Uncertainty of the Emission Inventories determined prewusly using a Tier 2 Monte
Carlo approach for pollutants covered under the NAEI, but not covered by the recent

Tier 1 assessment.

Pollutant Estimated Uncertainty (%)
Carbon mongide -20to +30
Benzene -20 to +30
1,3-butadiene -20to +30
PMo -20 to+50
PMo.1 -20 to +50
Black Carbon -20 to +50
Black smoke -30 to +50
Hydrogen chloride -30 to +>50
Hydrogen fluoridé -30 to +>50
Arsenic +/->50
Cadmium -30 to +>50
Chromium -50 to +>50
Copper +/->50
Mercury -30 to +50
Nickel -40 to + >50
Selenium -30 to +40
Vanadium -30 to +30
Zinc -40 to + >50
Beryllium +/->50
Manganese +/->50
PCDD/PCDFs +/->50
Polychlorinated biphenyls | +/->50
Pentachlorophenol +/->50
Hexachlorocyclohexane +/->50
Hexachlorobenzene +/->50
Short(.:haln chlorinated +/->50
paraffins

Pentabromodiphenyl ether | +/->50
Polychlorinated not estimated
naphthalenes

aAssumed to be same as for hydrogen chloride
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1.7.1 Ammonia

Ammonia emission estimates are more uncertain than those for SOx @sNEIx (as N& and
NMVOC and are dominated by uncertainties in the estimates of emissions from agricultural sources,
which represent the majority of the national total ammonia emissions. Although the UK uses a
detailed (largely Tier 3) approach to estimatiegiissions from agriculture which accounts for
different animal sukcategories and management systems, it is not possible to fully represent the
many factors influencing emissions from what are often diffuse emission sources including things such
as animaktocking densities, daily weather, soil type and conditions, etc. These are therefore reflected
in the uncertainties associated with individual emission factors. Further work to characterise the
uncertainty parameters forthe revised Ukagriculturemodelare ongoing and will be fully reported in

the future submissios.

Table1-13 Assessment of Ammonia uncertainty

2005 2018
Combined Combined Ul E il
Uncertaint Uncertaint BT
NFR19 . Combined y . Combined Y |into the
Emissions . as % of Emissions . as % of .
Code Uncertainty Uncertainty trend in
(kt) total (kt) total
for sector . for sector . total
national national .
. . national
emissions emissions .
emissions
1A 17.8 99% 6.3% 9.73 55% 1.9% 5.3%
1B 0.37 38% 0.0% 0.19 47% 0.0% 0.0%
2A 0.51 31% 0.1% 0.53 31% 0.1% 0.0%
2B 4.06 25% 0.4% 1.29 32% 0.1% 0.2%
2C 0.01 91% 0.0% 0.00 91% 0.0% 0.0%
2D 1.21 150% 0.6% 1.21 160% 0.7% 0.5%
2G 0.23 72% 0.1% 0.14 2% 0.0% 0.0%
2H 0.87 130% 0.4% 0.77 130% 0.4% 0.1%
3B 111 34% 14% 103 34% 13% 5.5%
3D 125 92% 41% 137 91% 45% 16%
5A 1.11 62% 0.2% 0.27 62% 0.1% 0.2%
5C 0.05 83% 0.0% 0.02 91% 0.0% 0.0%
5B 2.89 35% 0.4% 6.45 21% 0.5% 0.5%
5D 1.74 95% 0.6% 1.46 92% 0.5% 0.1%
6A 12.2 150% 6.4% 13.7 130% 6.6% 2.0%
Total | 279 45% 45% 276 48% 48% 18%

1.7.2 Carbon monaide

Carbon mongide 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 betwelsicles and for different
traffic conditions.

Emissions from stationary combustion processes are also variable and depend on the technology
employed and the specific combustion conditions. Emission estimates from small and rredan
installations arederived 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,
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emission estimates for CO are much more uncertain than other pollsitsunth as Ng&as NGQ) and

SQ (as SE which are also emitted mainly from major combustion procesdatike the case of NO

(as N@Q) and NMVOC, a few sources dominate the inventory and there is limited potential for error
compensation.

1.7.3 Nitrogen oxides

Uncertainty of NQ (as NGQ) emission estimates are driven by uncertainty in emissions from fuel
combustion (sector 1A). The estimates for 1A are subject to relatively low uncertainty compared with
the estimates for other sectors and because 1A dominatesitiventory so much, the higher
uncertainties for the other sectors make very little impact on the overall uncertainty. Sources within
1A that drive the uncertainty include:

1 Road transport: contributes about /@ of national NQ(as NQ) emissions in both@5
and the most recent year (2018). There is a high level of confidence in the activity data,
and hence uncertainty is driven by uncertainty in the emission factors for different
vehicles. The emission factors vary depending on vehicle type, catalysbtegl and
driving conditions amongst other factors. There is some uncertainty in choosing how the
emission factors are applied to UK data, but also in the emission factors themselves,
which are based on measurements that are associated with significaiattioa even
when keeping the conditions constant.

1 Off-road machinery: While this is a relatively small source (compared to road transport
or power generation), the emission factors have similar issues to that of road transport.
Additionally, there is nodtally reliable source of activity data and therefore uncertainty
in the activity data is considered to be significant.

The estimates for large stationary combustion plant are assumed to be significantly less uncertain than
the estimates for mobile sources small stationary combustion. The large combustion plant consist

of a large number of sites for which independent emission estimates are available, and these emission
sources are broadly of similar size, with none dominating. This leads to a larg#iglofer error
compensation, where an underestimate in emissions for one site or sector is very likely to be
compensated by an overestimate in emissions in another site or sector. Many of the larger point
sources make up the bulk of the UK estimates, trabe are commonly derived from continuous
emission measurement data and hence are regarded to be good quality.

Tablel-14 Assessment of Nitrogen Oxides uncertainty

Ricardo Energy & Environment

2005 2018
Uncertaint
Combined Combined |y
NER19 o Combined uncertiunt o Combined uncertz;unt !ntroduced
d Emission . y as % off Emission : y as % off into the
Code uncertaint uncertaint .
s (kt) total s (kt) total trend in
y for sector : y for sector :
national national total
emissions emissions | national
emissions
1A 1691 6.4% 6.2% 791 8.2% 7.9% 3.4%
1B 3.16 34% 0.1% 2.02 41% 0.1% 0.0%
2B 1.29 27% 0.0% 0.68 48% 0.0% 0.0%
2C 1.58 21% 0.0% 0.77 28% 0.0% 0.0%
2G 0.10 90% 0.0% 0.06 89% 0.0% 0.0%
3B 1.76 62% 0.1% 1.57 64% 0.1% 0.0%
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2005 2018
Uncertaint
Combined Combined |y
NFR19 o Combined uncert?mt . Combined uncertzunt !ntroduced
d Emission . y as % off Emission . y as % off into the
Code uncertaint uncertaint .
s (kt) total s (kt) total trend in
y for sector : y for sector .
national national total
emissions emissions | national
emissions
3D 26.5 59% 0.9% 25.1 60% 1.8% 0.4%
5C 1.75 28% 0.0% 1.32 30% 0.0% 0.0%
5E 0.32 87% 0.0% 0.12 83% 0.0% 0.0%
6A 0.38 75% 0.0% 0.38 76% 0.0% 0.0%
Total 1728 6.3% 6.3% 823 8.1% 8.1% 3.4%

1.7.4 Non-Methane Volatile Organic Compounds

The NMVOC inventory is more uncertain than those for(890S@ and NQ(as NQ). This is due in

part to the difficulty in obtaining good emission factors or emission estimates for many sectors (e.g.
for solvent use and industrial processes) and partly due to the absence of good activity data for some
sources. Given the broad range of independent sources of NMVOCs, as wittad\R0Q), 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 NAEI. Compavdéth many of the other pollutants
analysed, the uncertainty in the NMVOC inventory is quite variable with time, and this reflects the fact
that the NMVOC inventory was subject to significant investment in improvement work in the 1990s
and early 2000s, redting in the acquisition of much data. Much less data has been obtained since,
leading to an increase in emission uncertainty.

Tablel-15 Assessment of NMVOC uncertainty

2005 2018
Uncertaint
Combined Combined |y
NER19 c . uncertaint . uncertaint | introduced
. ombined 0 . Combined 0 .
Sarle Emission uncertaint | Y 25 % off Emission uncertaint | Y 85 % of into thle
s (kt) total s (kt) total trend in
y for sector . y for sector :
national national total
emissions emissions | national
emissions
1A 288 18% 4.5% 120 36% 5.3% 3.7%
1B 267 19% 4.5% 149 16% 2.9% 2.2%
2A 1.98 37% 0.1% 1.01 34% 0.0% 0.0%
2B 39.9 59% 2.0% 13.1 87% 1.4% 0.8%
2C 1.64 82% 0.1% 0.90 82% 0.1% 0.0%
2D 361 14% 4.4% 300 23% 8.5% 7.1%
2G 0.26 200% 0.0% 0.16 190% 0.0% 0.0%
2H 85.5 68% 5.0% 110 68% 9.3% 3.3%
21 1.55 120% 0.2% 0.75 120% 0.1% 0.1%
3B 66.6 130% 7.7% 66.7 130% 11% 3.1%
3D 30.9 100% 2.7% 34.4 110% 4.6% 1.5%
5A 6.30 34% 0.2% 2.08 34% 0.1% 0.1%
5C 3.79 270% 0.9% 3.65 280% 1.3% 0.3%
5D 0.26 440% 0.1% 0.27 440% 0.1% 0.1%
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2005 2018
Uncertaint
Combined Combined |y
NFR19 o Combined uncert?mt . Combined uncertzunt !ntroduced
d Emission . y as % off Emission . y as % off into the
Code uncertaint uncertaint .
s (kt) total s (kt) total trend in
y for sector : y for sector .
national national total
emissions emissions | national
emissions
5E 1.59 88% 0.1% 0.59 84% 0.1% 0.0%
6A 1.53 250% 0.3% 1.53 260% 0.5% 0.1%
Total 1158 13% 13% 804 19% 19% 9.6%

1.7.5 Particulate Matter Estimates

The emission inventory for PWis 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 atseafil@tal
particulate matter only and emissions of RMnust 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 P\ and in some cases to aiven greater extent for Pt 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 somét ¢asigsly

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
significantly improved before the overall uncertainty in PM could be reduced to the levels seen for

SQ(as S, NG (as N@) or NMVOC.

Tablel-16 Assessment of PM uncertainty

2005 2018
Combined Combined pncertamty
uncertainty uncertainty ImioelEee
NFR19 Cod¢ Emissions Combln_ed as % of| Emissions Combln_ed as % of Mo th.e
uncertainty uncertainty trend in
(kt) total (kt) total
for sector . for sector . total
national national .
. . national
emissions emissions .
emissions
1A 112 29% 16% 96.5 59% 33% 18%
1B 2.98 120% 1.7% 1.85 72% 0.8% 1.1%
2A 51.2 69% 17% 45.0 76% 20% 4.0%
2B 0.64 56% 0.2% 0.16 43% 0.0% 0.1%
2C 6.58 110% 3.6% 4.58 96% 2.5% 1.0%
2D 1.48 270% 2.0% 1.61 220% 2.0% 0.3%
2G 3.45 284% 4.8% 1.91 265% 2.9% 1.7%
2H 1.86 500% 4.5% 1.31 500% 3.7% 0.7%
2| 1.17 140% 0.8% 1.02 140% 0.8% 0.4%
3B 9.07 390% 17% 9.21 390% 21% 4.1%
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2005 2018
Combined Combined _Uncertamty
uncertainty uncertainty e
NFR19 Cod¢ Emissions Combm_ed as % of| Emissions Combln_ed as % of Into th_e
uncertainty uncertainty trend in
(kt) total (kt) total
for sector . for sector . total
national national .
. . national
emissions emissions o
emissions
3D 7.67 290% 11% 7.92 290% 13% 1.9%
5A 0.02 62% 0.0% 0.01 62% 0.0% 0.0%
5C 1.92 390% 3.7% 1.89 400% 4.4% 1.1%
5E 2.80 290% 4.0% 2.00 360% 4.1% 1.1%
6A 0.04 1100% 0.2% 0.04 1100% 0.3% 0.0%
Total 203 33% 33% 175 46% 46% 19%
Tablel-17 Assessment of Pk uncertainty
2005 2018
Combined Combined }Jncertamty
uncertainty uncertainty IfienllE=e
NFR19 Cod§ Emissions Combln_ed as % of| Emissions Combln.ed as % of e th'e
uncertainty uncertainty trend in
(kt) total (kt) total
for sector . for sector . total
national national .
. . national
emissions emissions o
emissions
1A 99.3 32% 31% 87.2 67% 65% 36%
1B 1.44 220% 3.1% 1.15 270% 3.5% 0.5%
2A 7.58 100% 7.6% 5.91 110% 7.4% 0.9%
2B 0.45 60% 0.3% 0.11 40% 0.0% 0.2%
2C 3.98 130% 5.2% 2.85 120% 3.7% 1.6%
2D 0.51 230% 1.2% 0.56 190% 1.2% 0.2%
2G 2.50 204% 4.9% 1.42 186% 2.9% 1.8%
2H 0.56 500% 2.7% 0.39 500% 2.2% 0.4%
2l 0.93 250% 2.2% 0.82 250% 2.2% 0.6%
3B 2.16 260% 5.4% 2.08 260% 6.0% 1.1%
3D 0.73 500% 3.5% 0.76 500% 4.3% 0.6%
5A 0.00 62% 0.0% 0.00 62% 0.0% 0.0%
5C 1.72 400% 6.7% 1.71 410% 7.9% 2.0%
5E 2.60 290% 7.3% 1.86 360% 7.4% 2.0%
6A 0.03 1100% 0.3% 0.03 1100% 0.3% 0.0%
Total 124 29% 35% 107 56% 67% 37%
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1.7.6 Sulphur Dioxide

Sulphur dioxide emissions are related largely to the level of sulphur in solid and liquid fuels. Hence,
the inventory, which is based upon comprehensive analysis of coals and fuel oils consumed by power
stations and the agriculture, industry and domesgctors, contains accurate emission estimates for

the most important sources.

It should be noted, however, that the uncertainty in emissions for the most recent year is significantly
higher than the uncertainty in 2005 emissions. Over the last 20 yeapnslations have been tightened

to control the sulphur content of various fuels andy$&3 S¢) emissions also have to be reported by
large emitters such as power stations, refineries and steelworks. As a result, it has been possible to
reduce the uncertaity in the assumptions relating to the sulphur content of many fuels, and more
confidence in the emission estimates for many sectors. However, the contribution of those fuels and
sectors to the national total has reduced over time. The result is that buetst by sectors for which

there are less regulation and less data (e.g. petroleum coke and coal used as a domestic fuel) now
dominate the estimate of total sulphur emissions and, as these sources have a much higher
uncertainty, they drive up the overalhcertainty.

Table1-18 Assessment of S@as SQ) uncertainty

2005 2018
Uncertaint
Combined Combined |y
NER19 - Combined uncertaint o Combined uncertaint ?ntroduced
Code Emission uncertaint | Y 25 % off Emission uncertaint | Y 25 % off into the
s (kt) total s (kt) total trend in
y for sector . y for sector :
national national total
emissions emissions | national
emissions
1A 732 7.0% 6.6% 148 19% 18% 3.0%
1B 8.33 10.0% 0.1% 2.20 14% 0.2% 0.0%
2A 17.2 14% 0.3% 5.99 14% 0.5% 0.1%
2B 7.40 23% 0.2% 0.84 43% 0.2% 0.1%
2C 7.40 13% 0.1% 1.75 24% 0.3% 0.0%
2G 0.06 140% 0.0% 0.03 140% 0.0% 0.0%
5C 0.88 110% 0.1% 0.59 140% 0.5% 0.1%
Total 773 6.6% 6.6% 160 18% 18% 3.0%

1.7.7 Heavy Metals

Among the metal inventories, those feelenium, 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 inventorie
reflects the relative contributions made by sources that can be estimated with more certainty, such
as emissions from fuel combustion (very well characterised activity data, although determining the
metal content of the fuel can be challenging) and cheats manufacture. This is in contrast to the
contributions made by sources for which estimates are very uncertain, such as burning of impregnated
wood.

Below is the detailed assessment for lead. Many of the other heavy metals are expected to have a
similer order of magnitude uncertainty to lead and some of the same relative uncertainties between
sectors. Most of the metal emissions estimates are based on similar data and methodologies. They
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all share certain important emission sources such as the conuvusti coal and oils, and metal
production processes. However, some metals do have specific sources from which emissions of that
one metal are particularly abundant e.g. mercury emissions from crematoria, or selenium emissions
from glassmaking. These uniqtesatures of each metal inventory mean that the uncertainty in the
lead inventory can only be indicative and not an accurate reflection of uncertainties for other heavy
metals.

Table1-19 Assessment of lead uncertainty

2005 2018
Uncertaint
Combined Combined |y
NFR19 - Combined uncertiunt o Combined uncertiunt !ntroduced
d Emission . y as % off Emission . y as % off into the
Code uncertaint uncertaint .
s (t) total s () total trend in
y for sector . y for sector .
national national total
emissions emissions | national
emissions
1A 66.6 75% 32% 52.0 95% 53% 14%
1B 2.32 100% 1.6% 0.80 120% 1.1% 0.5%
2A 0.69 67% 0.3% 0.16 83% 0.1% 0.2%
2B 13.8 52% 4.7% 3.32 55% 2.0% 3.1%
2C 53.3 110% 36% 25.0 100% 27% 6.5%
2G 15.4 180% 18% 8.00 180% 16% 2.6%
2l 2.54 90% 1.5% 2.99 90% 2.9% 1.5%
5C 0.29 71% 0.1% 0.53 7% 0.4% 0.3%
Total 155 52% 52% 92.8 62% 62% 16%

1.7.8 Persistent Organic Pollutants

Inventories for persistent organic pollutants (POPs) are more uncertain than those for gaseous
pollutants, PMo, 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, PAHSs). The issue is further exakcbhybatiack 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 ovedl uncertainty is still high.

Below is the detailed assessment for benzo[a]pyrene. In general, it is expected that the other
polycyclic aromatic hydrocarbon (PAH) emissions estimates would be at least as uncertain and, in
some cases, much more uncertaiBenzo[a]pyrene uncertainty estimates are not indicative of
uncertainties in PCDD/PCDF emissions; independent PCDD/PCDF uncertainties will be prioritised in
future work.
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2005 2018
Uncertaint
Combined Combined |y
NFR19 o Combined uncertaint . Combined uncertaint ?ntroduced
Code Emission uncertaint | Y @S % off Emission uncertaint | Y 25 % of| into th_e
s (kg) total s (kg) total trend in
y for sector : y for sector .
national national total
emissions emissions | national
emissions
1A 4580 380% 300% 7568 420% 390% 140%
1B 77.8 90% 1.2% 91.3 90% 1.0% 0.2%
2B 17.9 92% 0.3% 9.39 120% 0.1% 0.2%
2C 162 150% 4.2% 79.6 190% 1.9% 3.1%
2D 10.5 130% 0.2% 8.85 130% 0.1% 0.1%
2G 6.07 132% 0.1% 3.67 132% 0.1% 0.1%
2l 15.3 140% 0.4% 12.6 140% 0.2% 0.2%
5C 740 500% 62% 32.0 380% 1.5% 80%
5E 338 330% 19% 255 400% 13% 9.8%
Total 5948 300% 300% 8060 390% 390% 160%

1.8 Notation Keys in the UK Inventories

In the compilation and reporting of UK inventories, it is not always possible to report emissions for all
pollutants for all sources and at the level of resolution defined in the inventory guidance and reporting
templates. This may be for a range of reasobut is typically due to insufficient UK input data, or
insufficient sourcespecific detail in the UK input data. In these instances, common with other
reporting parties, the UK applies inventory good practice and uses appropriate Notation Keys, in order
that the NAEIsubmissions are transparent and comparable to those of other countries, and to

facilitate an assessment of completeness of UK inventories.

The two main uses of Notation Keys in thAElsubmissions are:

w

w

b9
L9

OoWb2i
6WLYy Of dzRSR

9f 8aS6KSNBQUY

GKSNB SYAraairzy

expected sourceategorybut are included in other source estimates.

The use of these notation keys in tNAElis summarised in the sections below.
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1.8.1 Not Estimated

Emissions of sources that amet estimated in the NAEI are reported as NE and are listédhbiel-21

Table1-21t 2 € f dzi I y (i

Introducti

on

9YA&daAz2yada wSLRNISR Wbo9Q Ay

NFR® code

Substance(s

Further details

1A2a to
1A2e

NHs

Operator estimates of ammonia emissions from industrial 1
combustion are not reported routinely in the UK, and no ot
reliable UKspecific data exits. Further, there are no default

in the latest EMEP/EEA Guidebook for the coal, oil or gas
in these source categories; hence the UK does not estir
ammonia emissions for these fuels in tNRAEI

1A3aii(i)

NHs

Aviation spirit (or also referred to as aviation gasoline) is u
for civil aviation in the UK. However, Némissions are no
estimated for this source as there are no emission fac
available in the latest EMEP/EEA Guidebook; the guide
states that ammonia emissions are 'NE' for this source.

2C7a

Hg

Secondary copper production did occur in the UK betw,
1990 and 1999. However, the plant, whilst reporting emissi
for many pollutants during this time, did not report mercu
emissions to the regulator. Further, in the latest EMEP/
Guidebook, there are no mercury EFs presented in the T
table spedic to secondary copper production; the guidebo
a0l dSa GKIdG YSNOdZNE SYA&EA

2C7d

Metals

Emissions from the storage, handling and transport of m
products are not routinely reported separately by UK operat
to environmental regulators. In the latest EMEP/H
Guidebook, only EFs for particulate matter, Behd PMsare
LINBASYGSRE 6AGK Fff 234KSNJ
source.

2D3c

NMVOC

Emissions from asphalt roofing are NE, as there are no ac
data available in the UK. We note that activity is
widespread in the UK and hence this is expected to be a
minor source in the UK.

3F

All

Emissions from field burning of agricultural residues
NBLZ2ZNISR & Wb9Q ¥ NPlafionwas ded
to widespread bans of this practice. In the UK itis illegal to k
cereal straw and stubble and the residues of oilseed rape,
and beans in the field, unless:

w LG A& F2N SRdzOF A2y 2NJ N
w LG Aa Ay Otcedelied ingetle Plark ekl
(Great Britain) Order 1993 (e.g. to eliminate pests)

w LG A& (2 RAaALIRZAS 2F ONR
stacks.

The burning of linseed residues is exempted from the ban,
there are no EFs for burning of leexl residues in the lateg
EMEP/EEA Guidebook, and no UK activity data are availal
is assumed therefore that only very small amounts of resid
are burned in the UK, that emissions are a minor source; it
be considered that 'relevant emissioage considered never t
occur'.
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1.8.2 Included Elsewhere

Emissions of sources that are unspecified within feR1isaggregation for a specific sector are
reported as |IETablel-22lists all sources included in these categories.

Tablel22 t 2t f dzli I y& 9YAaaAirzya wSLER2NISR WLO9Q Ay GKS b!

Included in .
NFR® | Substance(s) NERD Furtherdetails
1A1b NHs 1B2aiv Emissions of ammonia from UK refineries

reported in 1B2aiv. Estimates are based on t¢
site emissions as reported by site operators
the UK regulators, which include emissig
from fuel combustion, fugitives an@rocess
sources. Operators report one emission va
for all sources on site and therefore
emissions are reported in 1B2aiv.

1Alc NH; 1B1b Ammonia emissions from coke ovens ¢
reported in 1B1b since these are based on tq
site emissions as reporteby site operators tg
the UK regulators. These site emissions
include combustiorrelated as well as fugitiv
and processelated emissions, however, n
split is provided and thus all emissions &
reported in 1B1b.

1A3ei All 1Aladii Within the UK energy balance the fuel use
gas compressors on the gas supply network
included in "Other Energy Industry" which al
covers a range of other energy users (e
nuclear power stations use of support fue
colliery use of fuels etc.). Data are rastailable
specific to fuel use in pipelines, hence emissi
from 1A3ei are included in 1A1ciii.

1A4aii | All 1A2gvii UK energy statistics do not provide separg
figures for fuel use in stationary sources a
mobile sources. Fuel use for all -offad
vehicles and mobile machinery are modellg
based on data on the numbers of each type
vehicle/machinery in use, and a series
assumptions on unit utilisation, fuel efficien
and UK stock turnover.

There are no UK data available to further div
fuel use across difference economic sectd
and hence all emissions are reported in 1A2g
1A5a All 1A4ai Fuel use for stationary combustion for milita
purposes is not reported separately in the |
energy statistics and hence emissions
included under 1A44
(Commercial/institutional: Stationary).
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NFR®

Substance(s)

Included in
NFR®

Furtherdetails

1Bl1c

All

1B1b

M. MO A& OAGSR Ay @K
category for anything that doesot fit into
other parts of 1B, and it is only to be used a
last resort. The UK includes all fugs
emissions from solid fuel manufacturing with
M. MOZ YR KSyOS wm. m(
O2dzZ R NBLRNI WwWb2i h(

1B2aiv

SQ (as SO,
Pb, Cd, Hg
PCDD/PCDF

1A1b

Fugitive emissions from petroleum refineries
pollutants such as S@nd metals are reporteq
together with fuel combustion emissions
1Alb. There is no separate reporting
operators of combustion and fugitiv]
emissions, and as the combustion componen
by far the most significant, all operatq
emissions are allocateid 1A1b.

1B2av

SQ (as S©Q

1B2ai

Emissions of SCrom the distribution of olil
LINP RdzOGa Aa OAGSR I3
EMEP/EEA guidance, i.e. there are no

presented for any emission sources in t
category. In the UK, upstream oil and ¢
operators report emissions of $SOfrom

GLINEOS&aa az2dNDOSaé¢ 6K
from distribution activities (e.g. oil loading
unloading, storage); these are reported und
1B2ai, as the predominant process source
SQ is the upstream treatment 0bil and gas
products.

2A5cC

PM

2A53 2A5b, 2AG
2H3

Dust emissions from storage, handling a
treatment of mineral products are reported i
the UK under the quarrying sector (2A5
construction (2A5b), cement batching (2A
and otherindustrial processes (2H3).

2B1

NOXx

1A2c

Emissions of NOx from ammonia producti
are reported by operators, but it is ng
practicable to distinguish between emissio
from combustion (1A2c) or process sourg
(2B1) and hence all emissions amported
dzy RSNJ m! HOZ GAGK WL

2B1

NH;, NMVOC

2B10a

2B2

NH, NMVOC

2B10a

Operatorreported emissions of ammonia ar
NMVOC from most chemical productiq
processes are very minor emissions, but th
are reported to regulators. Given th
integration of chemicatomplexes, in thé&NAEI
we aggregate these emissions across chem
process types and report all within 2B10a.

Ricardo Energy & Environment

101



Introduction

NFR®

Substance(s)

Included in
NFR®

Furtherdetails

2B10b

All (except
NMVOCs)

2B10a

Emissions from handling and transport
chemicals are reported within operatg
submissions to regulators, together wil
estimates of other emission sources. These
all reported together within 2B10a.

2C2

All

1A2aand 2C1

Emissions from ferroalloys may arise from
of reductants, fuels or limestone and dolomit|
In all cases, the activity data for UK activities
not available separately from other iron ar
steel sector production.Hence, they are
reported within 1A2a ad 2C1.

2C7d

PM

2C1

Dust emissions from storage, handling &
treatment of metal products are reported i
the UK under the iron and steel sector (2G
The emissions are very minor.

3B4f

NOx, NMVOC
PM and NH

3B4e

al ydzZN® YIFylF3SYSyi

I NB | NBdzZ 6f& Wb2i
However,it is feasible that some of the data ¢
horses (3B4e) includes livestock that could
Fff20FGSR (2 o.n¥FT K

TN

5C1bi

All

5Claand 5C1bii

Emissions rbm industrial waste incinerator
I NS | NBdzZl6té& WwWb2d hQ
cases,it may be that the general industrig
waste feedstock envisaged for reporting
5C1bi are incinerated in either MSW plq
(5Cla) or are reported as chemical wa
incinerators (5C1bii) in the UK, and hence
NELR2 NI WLO9Q®

1A2gvii,
1A3c,
1A4bii,
1A4cii
and
1A5b

Activity data:
Biomass

1A3b

The UK currently has no statistics on t
amount of biofuels used by the various ng
road mobile machinery sources or the r
sector, so total consumption of these fuels g
reported under 1A3b road transport where th
large majority of these fuels are believed to
used.

1A4ai

Activity data:
Biomass

1A2gviii

UK energy statistics only include data for ove
usage of waste wood and other biomass
nonNBaARSYUGAL € WTFAY I §
that as well as industrial users, these final us
could include some in the commercial a
public sectors.As ory the total use of fuel ig
available, emissions are reported in a sin
categoryg 1A2gviiic but the fuel is also likely tg
be used in other sectors of 1A2 and also
1Ad4ai as well. Currently there is no datg

Ricardo Energy & Environment

102



Introduction

Included in

NERD Furtherdetails

NFR® | Substance(s)

available to make a reliable split of fuete
between the various subategories of 1A2 an
1A4ai, although it is suspect that most of t
fuel is used in industrial plant.

1.8.3 Other Notation Keys
Gbl! ¢ oy20 FLILX AOFof $YR PRy EG b hydeaich yWiRihie A@GiBeRNNA Yy 3 0
appropriate
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2 Explanation of Key Trends

2.1 Introduction

This chapter discusses the latest emission estimates for selected pollutants and analyses the
timeseriesobservable across thenain source sectors. The pollutants considered are the NECD
pollutants (S@as S@ NQ as NG, NMVOC, NHand PMs), the priority metals (lead, cadmium and
mercury), Dioxins & Furans (PCDD/PCDF) and Benzo[a]pyrene as an indicator for PAHSs.

The geograph@ coverage of the emissions reported to the CLRTAP is the United Kingdom and
Gibraltar, and this has been used for all data presented in this chapter.

The emission source categories considered are the following:

1A1 Energy Industries primarily emissiongrom power stations

1A2 Manufacturing Industries and Construction

1
1
1 1A3a,c,d,e Nowroad Transport aviation, national shipping, rail and effad transport
1 1A3b Road Transport

1

1A4 Small Stationary Combustion and Novad mobile sources and machinekyprimarily
residential combustion and neroad mobile machinery

1A5 Other Mobile Combustioq military aircraft and naval shipping

1B Fugitive Emissions for example sources associated with the extraction, refining and
distribution of fossil fuels

9 2Industrial Processes
1 3 Agriculture
T 5 Waste

1 6 Othercg other sources that are included within the national total

Chapter2.2considers each of thedpf t dzii | yda Ay GdzNYy |yR SELX I Aya (K
timeseries.The text highlights where there have been significant changes in emissions between 1990

and 2018 A wide range of legislation and activities have affected emissions of thesgaptd, and

these are listed and discussed. The chapter starts with a general discussion of the trends in emissions

of NECD pollutants, and then moves on to discuss the emissions and trends for each of the major
source categories.

The percentage changesgsented 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 aalysis on the emission trends of all pollutants reported under the CLRTAP
are available on the NAEI websikdtp://naei.beis.gov.ukj. The website also provides access to more
detailed NAEI data, including emission factors and emission maps for keyaptslut
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Chapter2.3 considers some of the trends on a sector by sector basis. This sector breakdown used in
Chapter2.3differs slightly to that used for the pollutant analysis. This is because the sector breakdown
used in ChapteR.2 has been selected to best present the main sources on a pollutant by pollutant
basis. The sector breakdown used in Chapt8rs more closely aligned to a simple aggregation of the
NFR reporting structure.

Chapter2.3includes not only the main features of the timeseries on a sector by sector basis, but also
includes some more detailed consideration of timeseries features which are not necessarily apparent
from the figures included in Chapt2r2

2.2 UK Emission Trends for Key Pollutants

The following sections show trends in emissions for a geogrdpdriea covering the UK and Gibraltar.

2.2.1 Trendsin Emissions of NQ(as NQ)

Figure2-1shows the timeseries of UK emissions of k&3 NGQ). Emissions have declined substantially
since 1990.
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Figure2-1 Total UK emissions of N@as NQ) for 1990¢ 2018%°
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(Excl. 3B & 3D)
3 Agriculture

2 Industrial Processes

1B Fugitive emissions

1A5 Other, Mobile combustion (military Aircraft and naval Shipping)

1A4 Small Stationary Combustion and Non-road mobile sources & machinery

1A3b Road Transport

1A3a,c,d,e Non Road Transport (aviation, national navigation, rail, off road)
. 1A2 Manufacturing Industries and Construction

1A1 Energy industries (Combustion in power plants & Energy Production)

BEKS YQa AYy@Syid2NR FR2daAGYSYyd LI AOFGA2Y 6Fa& NBGASSHESRneyR
with the Gothenburg Protocol, and by the European Commission for the purpose of compliance with in the Ntgt&ore, the UK is in
compliance of its 2010 emission ceilings forkN@der both the Gothenburg Protocol and the NECD after inventory adjustnier further
details, please see Chapter 1@.should be noted that the national totals shown in the graph here is without any inventory adjustment.
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Explanation of Key Trends

Table 21 shows the percentage changes in the emissionSl©f since1990 andsummariseghe key
factors and legislation responsible for the reductions in emissions.

Table2-1  Changes in emissions &fO, since 1990

Keydata relating to the emissions trend

Total emission (1990):3,068kt Largest source category (1990): Road Transg@®bj
Total emission (2C8): 823kt Largest source category (2§)iRoad Transpor8(%)
Emission reduction 199P018: 73% Emissions reduction 199018, Road Transpor{79%)

Key factors and legislation driving the decline in emissions

1 Directive (EU) 2015/2193 dhe limitation of emissions of certain pollutants into the
from medium combustion plants (Medium Combustion Plant (MCP) Directive)

1 National legislation has been introduced in England, Wales and Northern Irel
control emissions from small power pliause for short periods (some of which wag
be captured by MCP Directive, but most fell below operating hours thresho
application of MCPD limits)

1 Ecodesign Directive which controls NOx (and other pollutants) from small scale
and solid fueboilers and room heaters;

1 Updates to BAT (Best Available Techniques) under national controls an 8ub Y
installation®7

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

UK Pollution Prevention and Control (PPC) regulations

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

Implementation of the large combustion plant directive (LCPD, 2001/80/EC)

= =4 =4 4 I

Series of Euro standards to limit vehicle tailpipe emissions, e.g. Euro 5 stang
Regulation (EC) No 715/2007 and previous Directives

1 Implementation ¢ various stages of the EU N&woad Mobile Machinery Directiy
97/68/EC and subsequent amendments

CLRTAP which includes measures to combat the effectsxcdNOQ
Reductions in the quantities of solid and liquid fuels burnt

1 Improvements in combustion thnology of solid, liquid and gaseous fuels leadir
reductions in emissions, most notably trends in the power sector to fithii burners
increase the use of nuclear and CCGT generation in the UK fuel mix, and retrofitti
fired power stations \ith Boosted Ovefire Air systems to reduce N@rmation.

In the UK, the sectors which contribute most to the emissions total are the energy industries (primarily
power stations) and road transport (s€&gure2-1). Road transport has accounted for approximately
a third of UK N@emissions in recent years.

27 http://eippcb.jrc.ec.europa.eu/reference/
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As well as being a pollutant regulated under the Gothenburg Protubithe NECD, there is a great

deal of legislation that is specific to key sources of Bifissionssuch as electricity generation and

other largescale industrial combustion (e.g. the provisions of the Industrial Emissions Directive, IED,
which is primaily related to large combustion plant) and road transport (e.g. Euro Standards in vehicle
regulation). Figure2-1 shows how emissions from the trangpsector (particularly from passenger

cars), have decreased significantly since 1990. This is a result of vehicle emission regulations coming
into force in the form of Euro Standards, and important technological improvements such as the three
way catalyic converter in petrol cars.

In addition, significant decreases from the 1990s onwards have been due to factors such as the fitting
of low NQburners and other NQeduction technology to power stations along with a phasing out of
coaklfired power statiors and a general decline in coal consumption in other sectors in favour of
natural gas. Whilst these general trends are evident across the whole timeseries, there are occasions
where coal consumption in power stations increagésr example in 2012 coal osumption in power
stationsincreased and rosabove that of natural gas for the first time since 2007, contributing to an
increase in emissions from the sector as a whdl@wever, since 2012, a return to the previous trend

of decreasing coal consumpti@amd reducing NCemissions is evident.

2.2.2 Trendsin Emissions of SOx (as §0

Figure2-2 shows the timeseries of UK emissions of, &5@ Emissions have declined substantially
since 1990.
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Figure2-2 Total UK emissions of S@s SG) for 1990¢ 2018
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3 Agriculture

2 Industrial Processes

1B Fugitive emissions

1A5 Other, Mobile combustion (military Aircraft and naval Shipping)

1A4 Small Stationary Combustion and Non-road mobile sources & machinery
1A3b Road Transport

1A3a,c,d,e Non Road Transport (aviation, national navigation, rail, off road)
. 1A2 Manufacturing Industries and Construction

1A1 Energy industries (Combustion in power plants & Energy Production)

Table2-2 shows the percentage changes in the emissions @fsB0e 1990 and summarises the key
factors andegislation responsible for the reductions in emissions.
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Table2-2 Changes in emissions &Q since 1990

Keydata relating to the emissions trend

Total emission (1990):3,769kt Largest source category (1990): Energluktries 76%)
Total emission (2018): 160kt Largest source category (2018): Energy IndustB&%)
Emission reduction 1992018: 96%  |Emissions reduction 199¥018, Energy Industrie€@8%)

Key factors and legislation driving the decline in emissions

1 Directive (EU) 2015/2193 on the limitation of emissionsestain pollutants into the air fro
medium combustion plants (Medium Combustion Plant (MCP) Directive)

1 Updates to BAT(Best Available Techniqueshder national controls on sub 9 5 Y
installationgs

9 Directive on Integrated Pollution Prevention anoh@ol (IPPC) (Directive 2008/1/EC)

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

1 UK Pollution Prevention and Control (PPC) regulations

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

9 Limiting sulphur emissions from the combustion of certain tgfuiels by controlling thi
sulphur content(Directive 1999/32/EC)

1 CQ.RTAP which includes measures to combat the effects-of SO

1 Reductions in the quantities of coal burnt

9 Introduction of CCGT power stations

1 Implementation of flue gas desulphurisation ats® power stations

1 Annex VI of the MARPOL agreement for ship emissions, augmented by the Sulphur C

Marine Fuels Directive 2005/33/EC and the introduction of Sulphur Emission Control A

In the UK, theenergy industries (primarily power stationsdntribute most to the emissions total
contributing approximately a third of the total emission in 2018, but much more in earlier years.
Combustion in manufacturing industries accounts for approximately a guaftthe total emission in
2018, as does small combustion (such as residential).

Of all the air quality pollutants controlled under the NECD and Gothenburg Protoca@nig3dions

show the most marked decrease over time: since 1990, emissions have declined by md#&%han

This is directly linked to an econormide shift away from sulphucontaining fuels, as natural gas has
largely replaced coal as the main fuel forateeity producers, industry and for residential heating.
Approximatelyl07 Mtof coal were used in the UK in 1990, falling to just urid=Mtin 2018. Where

coal use is still prevalent, such as in electricity generation, the introduction of emissiatesrednt

(such as flue gas desulphurisation) has reduced emissions further. Use of heavy fuel oil, another fuel
which can contain high levels of sulphur, has also fajltlom 23 Mtin 1990 to7 Mtin 2018. The
sulphur content of liquid fuels has also Imegreatly reduced, although the impact of this is fairly small
compared with the changes related to coal use.

28 http://eippcb.jrc.ec.europa.eu/reference/

Ricardo Energy & Environment 110



Explanation of Key Trends

Legislation such as the Environmental Protection Act (1990), the Large Combustion Plant Directive
(2001) and the Industrial Emissions Directiv®@1@ have all contributed to the regulation and
mitigation of S@emissions across energy and industrial sources since 1990, for example resulting in
the fitting of fluegas desulphurisation to eight power stations between 1997 and 200&ddition,

severl highemitting industry sectors (such as stembking, norferrous metal production, oil
refining) have been in decline in the UK as production has increasingly moved overseas during the
1990s and 2000s. The increase in emissions from energy industies2011 to 2012 was due to
increased coal consumption. However, the downwards trend returns in subsequent years, resulting in
decreasing emissions.

Emissions from transport and nenad mobile machinery have declined due to the lowering of the
sulphur corents of liquid fuels. In addition, legislation has been introduced that impacts some specific
sources, such as the Sulphur Content of Marine Fuels Directive 2005/33/EC and the introduction of
Sulphur Emission Control Areas.

2.2.3 Trends in Emissions of NMVVOC

Figure2-3 shows the timeseries of UK emissions of NMVOC. Emissions have declined substantially
since 1990.
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Figure2-3 Total UK emissions of NMVJ@r 1990¢ 2018
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(Excl. 3B & 3D)
3 Agriculture

2 Industrial Processes

1B Fugitive emissions

1A5 Other, Mobile combustion (military Aircraft and naval Shipping)

1A4 Small Stationary Combustion and Non-road mobile sources & machinery
1A3b Road Transport

1A3a,c,d,e Non Road Transport (aviation, national navigation, rail, off road)

1A2 Manufacturing Industries and Construction

1A1 Energy industries (Combustion in power plants & Energy Production)

Table2-3 shows the percentage changes in the emissions of NMVOC1880eand summarises the
key factorsand legislation responsible for the reductions in emissions.
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Table2-3 Changes in emissions 6fMVOCsince 1990

Keydata relating to the emissions trend

Total emission (1990):2,825kt Largest source category (1990): Industrial Proces386)(
Total emission (2018): 804kt Largest source category (2018): Industrial Process®8s)(
Emission reduction 1992018: 72% [Emissions reduction 199018, Indusrial Processeg53%)

Key factors and legislation driving the decline in emissions

1 1991 Protocol concerning the Control of Emissions of Volatile Organic Compounds
Transboundary Fluxe§&éneva Protocalnderthe CLRTAPwhich committed the UKo g
30% reduction in emissions of NMVOC by 1999 from a 1988 base year. That was
through UK legislation such as the Environmental Protection Act 1990, and tf
implementation of EU directives, such as on road vehicle emissions.

1 Updates to BAT(Best Available Techniqueshder national controls on sub 95 W
installationg®

UK Pollution Prevention and Control (PPC) regulations

Directive on Integrated Pollution Prevention and Control (IPPC) (Directive 2008/1/EC
Directive on industrial emigsns 2010/75/EU (IED)

Solvents Directive (99/13/EC)

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

= =4 =4 4 -4 -

Series of Euro standards to limit vehicle tailpipe and evaporative emissions, e.g.
standards in Regulation (EC) No 715/2007 and previous Directives

1 EU Fuel Quality Directive 98/70/EC limiting vapour pressure of petrol to reduce evap
emissions

1 Implementation of various stages of the EU N®oad Mobile Machinery Directives 97/68,
and subsequent amendments

1 Reductions in the quantity of petrol nsumed
Declining production of crude oil after reaching a peak in 1999

Ecodesign Directiverhich contros NOx (and other pollutants) from small scale oil, gas
solid fuel boilers and roorneaters

In 1990, the largest contributions to the total emissions were from road transport, fugitive emissions
and industrial processe&incel990, emissions from all sources have decreasdtch is generally
attributed to the introduction of wideranging legigitive controls and changes in industrial activity in

the UK

Emissions fronroad transport have seema dramatic decreassince 199@lue to the introduction of
three-way catalytic converterand controls on evaporative emissions from vehickasd to a lesser
degree,a switchawayfrom petrol to diesel carsand improved fuel economy

29 http://e ippcb.jrc.ec.europa.eu/reference/
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The Industrial Processes category, showkigure2-3, is the largest source sector. However, it is a
very diverse category, and includes emissions from the use of domestic products that contain solvents,
the use of solvents by industry, for example in isglial coating and printing processes, and industrial
processes such as the manufacture of chemicals, timber products, metal products, food, and alcoholic
drinks. Reductions in emissions have been driven by legislation that has, for example, reduced the
sdvent content of paints and other products and also required industries using solvents to implement
better control or recovery of solvent releases, thus substantially reducing the NMVOC emissions.
However, emissions from some sources have increased. ¥amme, it is assumed that the
consumption of some domestic products that contain solvents have increastdeiwith UK
population and the production of alcoholic drinks such as whisky has increased, so emissions from
both sources are estimated to havecreased.

The Fugitive Emissions source category includes emission sources associated with the extraction,
refining and distribution of fossil fuels. More stringent controls on emissions from extraction and
refining operations, programmes to replace oldgs main pipes, and improved emission controls at
petrol stations have all contributed to the reduction in emissions from this source sector across the
timeseries. Coal mining (1B1a) was an important source in 1990, but emissions have decreased by
99.7%since then, as the deep mining of coal has practically ceased in the UK.

2.2.4 Trendsin Emissions of N

Figure2-4 shows the timeseries of UK emissions éENEmissions have declined since 1990, but in
recent years, emissions have been increasing.
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Figure2-4 Total UK emissions dfiks for 1990¢ 2018
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1A3a,c,d,e Non Road Transport (aviation, national navigation, rail, off road)

_

1A2 Manufacturing Industries and Construction

1A1 Energy industries (Combustion in power plants & Energy Production)

Table2-4 shows the percentage changes in the emissions afditde 1990 and summarises the key
factors and legislation responsible for the reducti@amgmissions.
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Table2-4 Changes in emissions bftH; since 1990

Keydata relating to the emissions trend

Total emission (1990):323 kt Largest source category (1990): Agricultl@2%)
Total emission (2(): 276kt Largest source category (28)1Agriculture §7%)
Emissiomreduction 19962018: 14% Emissions reduction 1998018, Agriculture:(19%)

Key factors and legislation driving the decline in emissions

1 Changes in agricultural practices and reductions in numbers of some types of agri
animals

UK Pollution Prevention and Control (PPC) regulations
Directive on Integrated Pollution Prevention and Control (IPPC) (Directive 2008/1/EC
Directive on indatrial emissions 2010/75/EU (IED)

Water pollution by discharges of certain dangerous substances (Directive 76/464/EE

=A =4 4 -4 4

Revised Gothenburg UN/ECE Protocol to abate acidification, eutrophication and grou
ozone (ECE/EB.AIR/122/Add.1, decisions 2048632013/4)

 QALRTAP which includes measures to combat the effects of NH

NHs emissions are difficult to measussd estimated S O dza S G KS@ FNB R2YAYIl (SR

(e.g. livestock), rather than point sources (e.g. power stations and industrial installaf\sreyesult,
uncertainty in the UK inventory estimates are greater forsNikhan for many other air quality
pollutants Gee ChapteL.7).

Figure2-4 showsthat emissions from agriculture dominate the total pnissions. The largest source
within agriculture is associated witlvestock, specifically the decomposition of urea in animal wastes
(and uric acid in poultry wastes). Of the livestock classeslecate the largest emitters of NH
accounting forapproximately two third®f all emissions from livestockEmissions from soils are also
an important source, caused by the application of mandigestatedrom anaerobic digestio(AnD)

and inorganic (manufactured) fertiliser, especially ubesed fertilisers.

Comparedwith other air quality pollutants, there has been relatively little reduction in total emissions
over the timeseriesHigure2-4). The reduction of Nftmissionover the timeseriess largely due to

a decrease in numberaf some types of livestock such as beef cattle, pigs, and turkegding to

lower emissions from the wastes (excreta) of these types of aninTdis. implementation of
regulations such as the Nitrate Sensitive Areas Order (1990), and subsequent designation of Nitrate
Vulnerable Zones where use of manufactured nitrogemilfsers and organic manures is controlled,

led to a reduction in fertiliser use and resultant Ngthissiondrom the late 1990onwards. Overall,

the combined effect of changes in animal numbers and the reductions in use of chemical fertilisers
resulted in a gradual reduction in Nlemissions throughout the period from 1990 to 2008. However,
since then, emissions have mostly increased each year, largely due to slight increases in numbers of
dairy cattle, but particularly due to increased use of ubsaed fertilisers. The price of fertilisers varies

and thus there is annual variation in the quantities applied and the balance between types of fertiliser.

A relatively recent development has been the us@igiestatesrom AnDof non-agricultural wastes
onagricultural land (3DaZ2c). This emission sourcesmallbefore the mid2000s but contribute®%
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of emissions in 2018 he application of sewage sludge to agricultural land has also grown, particularly
in the early 2000s.

NH emissions fromroad transpdr A Y ONB I SR Ay GKS wmdodpnQa & SIFNIe
introduced to the vehicle fleet. However, from 2000, emissions fall as improved catalyst systems,
which result in much lower emissions, become more prevalent in the fleet.

Since 2008, aige in the use oAnDand composting for organic waste treatment has ledstoall
increase of NH; emissions from the waste sector.

NH; emissions from NFR 6 covers miscellaneous sources such as domesticgfessignal and
privatelyowned horsesinfant emissions from nappies, fertiliser use on parks, gardens and golf
courses. These sources contribute to approximatedy@of total NElemissions across the timeseries.

2.2.5 Trendsin Emissions of PMs

Figure2-5 shows the timeseries of UK emissions of ,ENEmissions have approximately halved since
1990.
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Figure2-5 Total UK emissionsf PM.sfor 1990¢ 2018
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1A3b Road Transport
1A3a,c,d,e Non Road Transport (aviation, national navigation, rail, off road)
. 1A2 Manufacturing Industries and Construction

1A1 Energy industries (Combustion in power plants & Energy Production)

Table2-5 shows the percentage changes in the emissions aff8Mce 1990 and summarises the key
factors and legislation responsible for the reductions in emissions.

Ricardo Energy & Environment 118



Explanation of Key Trends

Table2-5 Changes in emissions &M s since 1990

Keydata relating to the emissions trend

Total emission (1990):231kt Largest source catego($990): Small combustio26%)
Total emission (2018):107kt Largest source category (2018): Small combus#@o]
Emission reduction 199P018: 54% Emissions reduction 1990018, Small combustioliL6%)

Key factors and legislation driving the decline in emissions

Directive on industrial emissior2910/75/EU (IED)

UK Pollution Prevention and Control (PPC) regulations

Large combustion plant directive (LCPD, 2001/80/EC)
CLRTAP which includes measures to combagethéssionof PM; s

Reductions in the quantities of coal burnt

= =4 4 4 -4 I

Series of Eurstandards to limit vehicle tailpipe emissions, e.g. Euro 5 standards in Red
(EC) No 715/2007 and previous Directives

1 Implementation of various stages of the EU Neoad Mobile Machinery Directives 97/68
and subsequent amendments

1 Improvements in ambustion technology and more extensive use of improved abate
equipment (such as electrostatic precipitators).

The timeseriesKigure2-5) showssteady reductions in total PM emissionssince1990. However,
despite continued decreases in emissions across transport sectors, the overall downward trend has
slowed significantly since about 2002. This is partly because once important sources coghuas

were reduced to such a degree by that point, further significant reductions have not occurred since.
In addition, emissions from residenti@bod combustionhave increased due to growth the amount

of wood burningwithin this category

The emisions from Small Stationary Combustion represent the largest source. Throughout the 1990s,
emissions from this sector reducethostly due to the declining use of solid fuel (particularly coal) in
favour of natural gas. Howevesince the mieh n n,Ath€dhas been an increase in emissions, caused
by the increasedburningof woodin domestic appliancesSmall stationary combustion (1A4ai, 1A4bi
and 1A4ci) is responsibfer 45% of UK emissions in 20T8e burning of wood accounts for 38% of

this total.

Theemissiongrend forthe Road Transport sectis influenced by variety offactors.Regulationof

vehicle emissiog such as though the introduction of Eiro Standardson diesel vehicledas
contributed to emissions reductions. However, the benefits have been countered byrdleh in

diesel vehicles which despite contributing to fewer emissions for other pollutaifgsg. CG),
contribute more PM emissions per vehicle kilometre than pebeticles.More stringent emissions
legislation now means thdhe latest Euro standardiesel vehicles are fitted with diesel particulate
filters which result in emissions of PM that aseoadly comparable to petrol enginesHowever,

further reductions irroad transport emissions are now being restricted by increases ireRbaust
sources of PM from vehicles through tyre and brake wear and road abrasion. Emissions from these
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sources are not currently regulated and emissions have grown with increasesdfia to the point
where, overall, these now exceed PM emissions from vehicle exhausts.

Thetrendfo® Yy SNH& LY RdzAGNR Sa R2 YAyl misians fiokpwedstationst § NSy |
follow a similar t