National Atmospheric
Emissions Inventory

Air Pollutant Inventories for England,
Scotland, Wales, and Northern Ireland:
1990-2018

Prepared by Ricardo Energy & Environment for the Department for
Environment, Food & Rural Affairs, The Scottish Government, The Welsh
Government and The Northern Ireland Department for Agriculture,
Environment and Rural Affairs.

4

Department
for Environment
Food & Rural Affairs

Business, Energy
& Industrial Strategy

Lo
Department for IR Ae t heroo

UK Centre for Gluckman Consulting HARTLEY MCMASTER LTD
ECOngy & Hydrology Pt I RARLD s cl el chiegs Analytical Management Consultancy

Forest Research

ED 62689 |v1.2 | 14™ October 2020



Air Pollutant Inventories for England, Scotland, Wales, and Northern Ireland: 1990-2018

Customer:

Department for Environment, Food and Rural
Affairs (Defra), The Scottish Government, The
Welsh Government and The Northern Ireland
Department for Agriculture, Environment and
Rural Affairs.

Confidentiality, copyright & reproduction:

This report is the Copyright of BEIS and has been
prepared by Ricardo Energy & Environment, a
trading name of Ricardo-AEA Ltd under contract
iProvi i the National Atmospheric
Emi ssions | nvefi Odobey 2016s
The contents of this report may not be
reproduced, in whole or in part, nor passed to any
organisation or person without the specific prior
written permission of BEIS. Ricardo Energy &
Environment accepts no liability whatsoever to
any third party for any loss or damage arising
from any interpretation or use of the information
contained in this report, or reliance on any views
expressed therein, other than the liability that is
agreed in the said contract.

Contact:

Science policy enquiries should be directed to:
Jen Cottingham,

National Emissions Evidence Team,

Air Quality and Industrial Emissions, Environmental
Quiality, Department for Environment, Food and Rural
Affairs, Horizon House, Deanery Road, Bristol, BS1 5AH,
UK.

agevidence@defra.gsi.gov.uk

Technical enquiries should be directed to:
Glen Thistlethwaite,

Ricardo Energy & Environment,

The Gemini Building, Fermi Avenue, Didcot,
Oxfordshire, OX11 OQR, UK.
glen.thistlethwaite @ricardo.com

Main Authors:

Harry Smith, Luke Jones, Glen Thistlethwaite, Justine
Raoult, Joe Richardson, Ben Richmond, Holly Zhang.

Approved By:
Glen Thistlethwaite

Date:
14" October 2020

Signed:

ot



Air Pollutant Inventories for England, Scotland, Wales, and Northern Ireland: 1990-2018

Table of contents

LSt Of FIQUIES s iv
LISt Of 1A e Vi
L1011 T | o PP PP P PP PP PPPPPPPPPPPP Vii
1 I EEOTUCTION ... 1
1.1 Background to Inventory Development ... 1
1.2 ADOUt the Al POIULANTS........ciiiiiiiiiiiiiiiiiiie ittt eee e e e eeeeeeeeeees 1
1.3  Data Sources and Inventory MethOdOIOgY .............euuuueeeiemeiiieiiiiiiiiieiiieeieieeeeeeeeeeeeeeeeennnnes 2
1.4 (0 g Tot =T g = T 11 3

2 Devolved Ad mi ni strationso Air..RPal.l.ut.ant... . .Es.t5i mat es

21 ENGIANG ... 6

2.2 Yo 0] 1 = o[ 1SR 15

A T V1Y - =P 25

24 NOMhErN TrelaNd .........oouiii e e e e et e e e e e e eeeennas 34

3 =] (=T =T Lol = P 43

Appendix A Background to Inventory Development..........ccccuvuviiiiiiiiiiiiiiniiinnns 44

A.1  National Emissions Ceilings DIr€CHIVE..........cooiviiiiiiiiie, 44

A2 GOothenburg ProtOCOl ... ..o 44

A.3  Industrial EMISSIONS DIFECHIVE........cciiiiiiiiie e e e e e e e es 45

A4 Heavy Metals ProtoCol ... 45

A5  Persistent Organic Pollutants (POPS) Protocol ..., 45

A.6  Sulphur Content of Liquid FUEIS DIr€CHIVE.........cceuvueiiiie e 46

A.7  Air Quality Strategy for England, Scotland, Wales, and Northern Ireland....................... 46

A.8  Air quality plan for nitrogen dioxide (NO2) iNn UK., 46

Appendix B Inventory MethodolOgy ...ccooooeiiieiiiiiiie e 47

B.1  Data AVailability .........couuuniiiii i a7

B.2  Key Compilation RESOUICES ........uuuuuiiieeiiiieiiiie e e e e e e et s e e e e e e et s e e e e e eeananaeeeeeeeeennnnnn 48

B.2.1 NAEI Point Source Database...........ccoooviiiiiiiiii, 49

B.2.2 NAEI Emission Mapping GridS.........coiieeiiiieiiiiiiie e e e e e 49

B.2.3 Other RegioNal DAta..........cuuuuiiiieeiiiiiiii e e e e e e e eeaa e e e e e e aeaennan 56
Appendix C  Development of Emission Inventories for PCDD/Fs and Benzo[a]pyrene57

L N = T Y] (o (o U Vo S 57

C.2  Key Sources and EMISSION TreNAS..........ouuuiiiiiieiiiiiiiie e e e e eeaaaeans 57

c21 DIOXINS @Nd FUIANS ....oooiiiiieieeee 57

c.2.2 LT aVdo] E=Y] o) VA (=] 1= 58

C.3  Development of DA POPS INVENTOMES .......uuuuiiiiieiiieeiiiii e ee e e e et eeeeeaaneaas 58

C3.1 Key Category Emission Sources for POPS...........coovvviiiiiiiiiccccccee e 58

C.3.2 INVENEOTY UNCEIAINTY.....uuuiiii e et e e e e e e e e e e e e e eaana s 60

C.3.3 POPs Inventory Source Data and Methods.............oooiiiiiiiic i, 60

C.34 POPs Inventory Results for England, Scotland, Wales, and Northern Ireland........ 64

C.34.1 England POPS INVENLOMES.......ccooiiiiiiiieieeee e, 64

C.34.2 Scotland POPS INVENLOMES .......uuuuiiiiiiiiiiiiiiii s 66

C.34.3 Wales POPS INVENIOMES.......ccoiiiiii e, 68

C.34.4 Northern Ireland POPS INVENLOMES ......cooeeviiiiiiiii, 70

AppendiX D ReCAICUIAtIONS .. ..o 72

AppendiX E UNCEIAINTIES ....cooiiiiiiiii e e e e e 86



Air Pollutant Inventories for England, Scotland, Wales, and Northern Ireland: 1990-2018

N A N 011 4 [o] 1= R PP P P PP PPPPPPPPPPPPPPPPNt 86
E.2  CarbOn MONOXIAE. ........euiiiiiiiiiiiieiiiiit ittt s s e enseeesennnnnnne 86
E.3  NItrOGEN OXIOES ....oeeiiiiiiiiiiiiiiiiiie ettt ettt e e e s et e st eseseseessneeessennnnnnne 87
E.4  Non-Methane Volatile Organic COMPOUNGS.............uuieiiiiiiiiiiiiiiiiiiiiieieeeeeeeeeeeeeeeeeeeeneeees 87
E.5  PartiCulate Mater . ........ouiiiiiiiiiiiiiiiiiiii ittt eeneeeeennnnnnee 88
E.6  SUIPNUI DIOXIAE......ceiiiiiiiiiiiiiiiiiieiiitie ettt s e e eeeeeeeeeseennnnnnees 88
N I Lo L PP P PP PP P PPPPPPPPPPPPPPPRt 88
Appendix F SUMMArY TaBIES ..uuiiiiiiiiiiiii e 90
F.1  Summary Air Pollutant Emission Estimates for England.....................evvviiiiiiiiiiiiiiiieinnnns 90
F.2  Summary Air Pollutant Emission Estimates for Scotland...................euveviiiiiiiiiiiiiiiieiinnns 93
F.3  Summary Air Pollutant Emission Estimates for Wales...............cceeiviiiiiiiiiiiiieeeeeeeeeeeeen 96
F.4  Summary Air Pollutant Emission Estimates for Northern Ireland ................cccccvvvviiiinenns 99
Appendix G Definition of NFR Codes and Sector categories .........ccccceeeeeeeieeeeenennn. 102
Appendix H  Additional data tables ... 107

Li st of figures

Figure 1¢ England normalised trends for all POIULANTS.............uuiiiiiii e e e e ena e e e e e e eeesend 6
Figure 2¢ Ammonia EmMISSIONS iN ENQGIANA.............uuiiiiiii e ee e e e e e e ettt e e e amee s e e e e e e eesaba e eeeeeeesanaaaaees 7
Figure X Carbon Monoxide EmISSIONS IN ENQLANG. ........ccoiiiiiiiieee e e et e e e e e et e ee e e e e eaataa e eeeeeeeanes 7
Figure 4¢ Nitrogen Oxides EMISSIONS iN ENQGIANA............uiiiiiir e e e e e e ee b e e e e e e e eaaaa e eeeas 8
Figure 5¢ NMVOC EMISSIONS iN ENQGIANA........ciiiiiiiiiieee e e e e e e e e e e e e e e e e e e e st aaeeees b s e e e e e e easaaa e eansannas 9
Figure 6¢ PMig EMISSIONS iN ENQIANM. .......uiiii e ee e e e e e et e e e e e e et e e e e e eaab b reeeeeeeesbasaneeesrnnnnes 9
Figure 7¢ PMo s EMISSIONS IN ENQIANG.......uuiiiiiiii i eee e e e e et e e e e e et et ne e e e e et b s e e e e e e eesbaa e eearrnn s 10
Figure 8 Sulphur Dioxide EMISSIONS iN ENQLANG. .........iiiiii e e ee e e e e e e e e s e e e e e e eeaba e e e eeeaeane 11
Figure 9 Lead EMISSIONS iN ENQGIANM. ........cooiiiiiii et e e e e et et aa e e et e e e e e e e eabba e e e ennaaaeaaaees 11
Figure 10; Ammonia Emissions in ENGIand, 20L8...........ouuiiiiiiiiiii b e e e e e e e e e e e e e e e e e e e e e e e e e e ee e e e eeeeeeeeeeeeeeeeeeees 13
Figure 11¢ Carbon Monoxide Emissions in ENgland, 20L8...........ooiiieae e eee it 13
Figure 12, Nitrogen Oxides Emissions in ENGland, 20L8...........cooiiiiiiiiiieiiiiiiiiiiiiiiiiie ettt eee e e e e e e e e eas 13
Figure 13¢ NMVOC Emissions in ENgland, 2018 ...ttt 13
Figure 14 PMigEmISSIONS iN ENGIANG, 20L8........uuiiiiiiiiiiiiiiee oo eee e e e e et e e e e e e e e e e e eeeeeaaebataasaesasaeeeeeeeeeeeeeemnns 14
Figure 15 PMo s EmisSions in ENGIand, 2008..........oooii it e e e e e e e e e e e e e e e e e e e e e e e e e 14
Figure 16¢ Lead EmIssSions in ENGland, 2008..........cooiiiiiiiiii ettt aen e e e e e e e e e e e e e e e e e e e e aaeaeaaen 14
Figure 17¢ Sulphur Dioxide Emissions in ENGIANd, 2008...........uuuuuiiiiiiiiiiieieeeseseesseeseee e e e e e e e e e e e e e e e eeeeeeeeaeessnansenennees 14
Figure 18 Scotland normalised trends fOr all POIHULANTS ............uiiiiiiiei e e e e e e e e e e e e e e eeeteaaeeeeeeeees 15
Figure 19 AmMmonia EMISSIONS iN SCOAIMM. .........uuiiiiiiiiiieit e eee e e e e e e e e e e e e e e e e e eeeeeeeaaetatateaeteeaeeeeeeeeeeeeeeannn 16
Figure 2Q; Carbon Monoxide EMISSIONS iN SCOUANM. ............ooiiiiiiiiiii e e e e e e e e e e eaeaeeens 16
Figure 21¢ Nitrogen Oxides EmISSIONS iN SCOLIANM. ..o e e e e e e e e e e e e e e e eeeas 17
Figure 22 NMVOC EMISSIONS IN SCOLIAMM. .........ciiiiiiiiiiiii ettt s e e e e e e e e e e s e e e s e e e s s e e aaa e e e e e e e eeeeaaeaaaaaaaaaaeeannnees 18
Figure 23, PMig EMISSIONS IN SCOUANM. .......eeeiiiiiiiiiieiiii e et e et e e e e e e e e e e e e e e e e e e e aaettaeaaeeeeee e e e e e e e e e ee e e e nnn 19
Figure 24 PV s EMISSIONS IN SCOLIARAA. ...ttt e eaeeeeeas 20
Figure 25 Sulphur Dioxide EmMISSIONS iN SCOLIANG. ..........coiiiiii e e e e e e e e e e e e e aeeeeeeas 21



Air Pollutant Inventories for England, Scotland, Wales, and Northern Ireland: 1990-2018

Figure 26 Lead EMISSIONS iN SCOUANT. ... . .uuuuiiiiiiiiiiiiee s e e e eeeee s e e s e s e s s s s s s s s s s eer e e e e e e e e eeeeeeeeeeeeeeeeeeannaeeeeeeneeeesennnseseseeesannnnnnnnn 21
Figure 27¢ Ammonia Emissions in Scotland, 20L8..........ccooiiiiiii it e e e e e e e e e e e aaaaaeeas 23
Figure 28&; Carbon Monoxide Emissions in SCOtANd, 2018.............uuuiueiiiiaeeiiiiieiesiessesssemrr e e e e e e e e e e e eeeeeeaeeeeeeeeanneeennnnnes 23
Figure 29 Nitrogen Oxides EigBions in SCOtIANd, 2018...........coviiiiiiiiiie e ceeiiiiiiiie it s e e s e a e s s s nnnaaeaaaaeeeeas 23
Figure 30; NMVOC Emissions in SCOtIand, 2018........cooouiiiiiiii ettt e e e e e e e ettt aeeetba e e e e e e eeenennnnns 23
Figure 31¢ PMio EmMISSIONS in SCOand, 20L8...........oouuiiiiiii ittt e e e e e e et s e e et e e e e e e e eeaaa e e eeaan 24
Figure 32, PM, 5 EMISSIONS iN SCOUANM, 20L8........coiiiieiiiiiiie ettt e e e e e e et e et e e e etba e a e e e e e eeesanann e eeees 24
Figure 33; Lead EmIsSSiONs iN SCOIANT, 2008..... ..ot eer et e e e e e e et e aat s e enta e e e e e eeeeaannnaaeeeann 24
Figure 34 Sulphur Dioxide Emissions in SCotland, 2008..........ccouiiiuiiieeeiii e e e e et e e e e e e e e 24
Figure 35 Wales normalised trends for all POHULANLS. ............oi i e ee et e e e e e e e eeaaa s 25
Figure 36 AMMmOonia EMISSIONS INWAALES..........uiiiiiii et e e e e e e e e e ettt e e e e e ama e e e e e eeeetban e eeeeeeeesnaaaees 25
Figure 37¢ Carbon Monoxide EMISSIONS IN WaBS.......cooiiiiiiiiei ettt ettt e e e e e e e e aa e e e ataa s e e e e e eeessannnns 26
Figure 38 Nitrogen Oxides EMISSIONS IN WALES. ..........uuiiiii i ee et e e e e e ettt s e ee e e e e e e e e eeaaba e eeeas 27
Figure 3 NMVOC EMISSIONS 1N WALES. ......ceiieeiiiiiiii ettt et e e e e e e e et e et seee it e e e eeeeeeebannn e aeeeemnneeeeeeen 28
Figure 405 PMio EMISSIONS 1N WAIES.......uiiiiiiiiiiiiie s eee ettt e e e e e et e e e e et et e e e e e e et eat st aaeeatbaa e eeeeeeeesssanneeeannnsaaeeaees 28
Figure 41 PMo s EMISSIONS INM WalES.......uiiieii i eee et s e e e et e e e et et e e e e e e et eat et aaeeatba e eeeeeeesssann e eeannnsaeeaaees 29
Figure 4 Sulphur Dioxide EMISSIONS IN WaAIES ........uuiiiiiii ittt s e eea s e e e e e e eeaaa e e e e e e e s e eeeeeesbsan s eeeeeeeenes 30
Figure 43; Lead EMISSIONS IN WWAIES ... ..coiiiiiiiiiii ettt eee et e e e e e e et e ettt s eaeaa e e e e eeeeeabaaa e eaeeee s seeeeeeesnen 31
Figure 44 Ammonia EMISSIONS IN WalES, 20L8.........uuiiiiiiiiiiiiiee it e e e e e ettt s s e eet s e e e e e e eaa b e e e e e e s s e eaeeesssaan s eeeeeeeenes 32
Figure 45 Carbon Monoxide EmISSIONS iN WaleS, 2008.........ccoiiiiiiiiiieeeiii et s e e e e e e e et e e e e e e e s aeaeeeearaa s 32
Figure 46; Nitrogen Oxides EmISSiONS iIN WalES, 20L8..........ii ittt s e ee s e e e e e e e e e e e e e e e e e e e eaaaaa s 32
Figure 47 NMVOC EmIsSIONS iN WalES, 20QL8.......cooiiiiiiiiii et e e et e e et et e e e e e e e e aa et e e e saaa e e eeeeeesaraa e eeees 32
Figure 48 PMig EMISSIONS IN WIS, 20L8........ccciiiiiiiiii ittt eee et e e e e e e e e e e bt e e e et s e e e e e e eeaaaa e eeeeennnas 33
Figure 4 PV s EMISSIONS IN WAIES, 2018.... ...ttt ettt s 33
Figure 5Q; Lead EMISSIONS IN WalES, 2008........cooiiiiiiiiiiiiieee ettt 33
Figure 51¢ Sulphur Dioxide EmISSIONS iN WalES, 2018..........cuuuiiiiiiiiiiiieiieeeiee i eee e e e e e e e e e e e e eeeaaaaeeeeeeanesssssseeeeeeeeeen 33
Figure 52 Northern Ireland normalised trends for all POIULANES. .........ccoooiiiiiieee e 34
Figure 53 Ammonia Emissions in NOthern Ireland.............ooooiiiiiiiiiiiiiiiiii e e e e e e e e e e e e eeeeas 35
Figure 54 Carbon Monoxide EmisSiomMBNOhem Ireland............coooiiieee e 35
Figure 55 Nitrogen Oxides EmIisSIOMBNOMNErN IreIaNd..........ccoooiieee e 36
Figure 56 NMVOC Emissions in NOrthern Ireland............cooior e 37
Figure 57 PMio EMIissions in NOthern Irelandl...........ooooiiiiiiiiiiiiiiiieeee et e e e e e e e e e e e e e e e e e e aeeeeas 37
Figure 58 PMy5s EmMISSIONS in NOMern Ir€Iamnd............ooooiiiiiiiiii i e e e e e e e e e e e e e e e e e e aaeeeas 38
Figure 5% Sulphur Dioxide EmiSSIOMENOINEIN IFIANG...........uu it e e e e e e e e e e e e e e e e e e e e aeeeeeneeeees 39
Figure 6Q; Lead EmIsSionB NOMhEr IFEIANG. ...........oooiii i e e e e e e e e e e e e e e e e aeeaaeaeas 39
Figure 61¢ Ammonia Emissioria Northern Irelang2018...............uuiiiiiiiiiiiiciiiiiiiirieee e e e e e e e e e e e e e e e e e e e e e e e s e eeeeeeeeeeen AL
Figure 62 Carbon Monoxide EmissiomsNORhern Ireland 2018...........ooiviiiiiiiiiiiii e e e e e e e e e e e e e e e e e e e e e e e e 41
Figure 63; Nitrogen Oxides EmissioimsNorthern Irelang2018............ooooiiiiiiiiiiii it 41
Figure 64 NMVOC Emissioms Northern [relang2018...........oooiiiiiiiiiiee e nnn e e e e aaaeaeeas 41



Air Pollutant Inventories for England, Scotland, Wales, and Northern Ireland: 1990-2018

Figure 65 PMio Emissionsn NoOrthern Irelang2018.............uuueeeieeeeieiiieaesssseseses s mne e e e eeeeaeeeeeeaaaaaaaaaeseenneeesnsennnnnneeed 42
Figure 66 PMy sEmissionsn Northern Irelang2018............uuuueeeieeiieeieieaeeeseessses s mne e e e e e eeeeeeeeeaaaaaaaaaaeeannssnsnsnnnnnnnened 42
Figure 67 Lead Emissionia NOrthern Irelang2018............iiiieee et e e e e e e e e e e e e e e e ee s 42
Figure 6&; Sulphur Dioxide EmissioimsNorthern Irelang2018............coooviiiiiiiii e e s 42
Figure 69 DioXins emiSSIONS iN ENGIANG..........ouuuiiiiie et e e e ettt s e en it s e e e e e eeeesnnnneeeeeenmnseeeeees 64
Figure 70 B[a]p emiSSIONS iIN ENQGIANG.........cooiiii oottt e e e e e e ettt aaeeatba e e e e e e e eesasan e e e annaaaeaaaaes 64
Figure 71 Dioxin EmMIsSIioNs in ENGland, 20L8.........cooiiiiiiiiiieeeiii et s e emme e e e e e e eeeatn e e e e e e e e e neeeeeeesbn e e eeeeeeessnnnaaes 65
Figure 72 B[a]p EMissions in ENGIANd, 2018.........cooo i eeeiii e e e e e ettt e e e e e e e et a et aaeeeab e e e e e e e eaban e annan 65
Figure 73 DioXins EMISSIONS 1N SCOUANG. ......oieiiiiiiii et e e ettt s e ee s e e e e e e eeernan s eeeeeemnnseeeeeed 66
Figure 74 B[a]p €MISSIONS IN SCOUANG.......ccoiiiiiiiii et e e e e e e et s e ee s e e e e e eeeebnnnnaeaeeeemnneeeaeeed 67
Figure 75 Dioxin EmMISSIONS iN SCOHIANG, 2018...........ii i e e e e e e e e e e et a e e e e mma e e e e e eeeetba e aaeeeeeesann 68
Figure 76 B[a]p EMIsSiONs in SCOtIaNd, 20L8....... .o iiiiiiiiiieee e eem e e e et e e ettt e e e e e e et e aae e e e eeaab e e e e aeeeraaaae 68
Figure 77 DIioXiNS EMISSIONS 1N WAIES ... ..ciiiieiiiiiei e eee et e et e et ettt e e e e e e e eeatt e aaeeetban e e eeeeeeesasann e e e annnsaeeaaee 68
Figure 78 Ba]p EMISSIONS IN WALES........ooeiiiiiii ettt e e e e e e e et ettt e s eee e e e e e e e eeeabaa e eeeeeemmnseeeeeeensnen 69
Figure 79 Dioxin EMISSIONS iN WalES, 2008........oiiiiiiiiiie ittt eee et e e e e e e e e et a it s e antaa e e eeeeeeeasae e aeeeennnses 70
Figure 80 B[a]p EMISSIONS iN WAIES, 20L8.........uuuiiii ittt eeeeiiiie e e e e ettt e e e taa s e e e e e e e eeabat e e e e e sma s eeeeeeessssnnaeeeeeesesnanaaees 70
Figure 81 Dioxins EmIissions in NOIthern IreLand.............ooi oo ern e e e e e e erab e e 70
Figure 82 B[a]p EMissSions in NOMhern Ir€IaNd............ouuiiiiii e e e e e e e e e e e e e esara e e e 71
Figure 83 Dioxin Emissions in Northern Ireland, 2018..........ccoiiiiiiiieeeii e e e e e e e s eee e e eesra e eaaaes 71
Figure 84 B[a]p Emissions in Northern Ireland, 2008.............uuiiiiiiioiii e e e e e e e e e e arr e e e e e eeenane 71

Lst of tabl es

Table I¢ Indicative uncertainty rating for each pollutant presentin the UK ARL...........oiiiiiiiiicce e 4
Table Z; Source Emission Contributions Ranked by Sector, England.2018...............oooiiiiiiiiiiiiiiiiiiiiiieeeeeeee e 12
Table 3 Source Emission Contributions Ranked by Sector, SCOMEBL.2...........coooiiiiiiiiieee e 22
Table 4¢ Source Emission Contributions Ranked by Sector, WaleS.2018............uuuiiiiieeieieeeeeeeeeeee e 31
Table 5 Source Emission Contributions Ranked by Sector, Northern Ireland.2018................ooooiiiiiiiiiiiiiiiiiiiiien 40
Table 6 Disaggregation Methodologies for the Devolved Administrations Air Pollutant Inventories..............coooeeeeeviiviiinnes 50
Table 7¢ POPS INVENTOIY MENOUS. ...ttt ean e e e e e e aaaeeeas 60
Table 8 Recalculations to 2017 estimates for ammonia betweerviags and current inventory submissions......................... 72
Table 9 Recalculations to 2017 estimates for carbon monoxide (CO) between previousragmt inventory submissions......... 74
Table 10 Recalculations to 2017 estimates for nitrogen oxidesX€tween previous and currentientory submissions......... 76
Table 11 Recalculations to 2017 estimates for NMVOCs between previous and current inventory submissions................ 77
Table 12 Recalculations to 2017 estimates for Rlietween previous and current inventory SUbMIsSIioONs...............cooeeeeeeees 78
Table 13 Recalculations to 2017 estimates for sulphur dioxide)8€tween previous and current inventory submissians......79
Table 14 Recalculations to 2017 estimates for lead (Pb) between previous and current inventory submissions................. 81
Table 15 Recalculations to 2017 estimates for PNbetween previous and current inventory submissians...................ccc.e... 82

Table 16 Recalculations to 2017 estimates for B[a]p between previous and current inventory submissainghese are
eXPErMENtal STALISTICS ONIY.. ..o e ettt eee e e e e e e e e e e e e e eeaeeeaeaeeeeeeneeeeeeeeeeeeeeeeeeeees 84

Vi



Air Pollutant Inventories for England, Scotland, Wales, and Northern Ireland: 1990-2018

Table 17 Recalculations to 2017 estimates for dioxins between previous and current inventory submissaiaghese are

EXPENMENTAl STALISTICS ONIY.....ii i ittt ettt e e e e e e e e eeeeeeeeaeeeeeaeeesenneeeeeeeeeeeneneeeeeees 85
Table 18 Summary of air pollutant emission estimates for England (ZBEB)*.............uuuuurreriirmeeeaareeerrnenesessannnnsnnsnnaeaeeess 90
Table 19 Summary of air pollutant emission estimates for Scotland (ZHBIB)™.............ovvriieeeeeeeeee e 93
Table 20 Summary of air pollutant emission estimates for Wales (3BOD8) *...........cooiiiiiiiiiiiiiimri e 96
Table 21 Summary of air pollutant emission estimates for Northern Ireland (ZBBIB) *..........ovveveieiieieeiieeemmmeees Q9
Table 22 Definition of NFR Codes and SECtOr Cat@QOIIES. ... ...uuuruurereeerrseeeeese s sssseee e e e e e e e et e e e e e e e aeeeeeeeeenennnnnnnne 102
Table 23 Summary of the sector categories includediith § K S NE  F 2 NJ..S.L.OK...LI2 £..f.dzd. L.y di............. 106
Table 24Emissions for England, road transport, split by vehicle class and fuel.type..........ccooooiiiiieeieees 107
Table 25 Emissions for Scotland, road transport, split by vehicle class and fuel.type..............ovevviaeerie, 109
Table 26 Emissions for Wales, road transport, split by vehicle class and fuel.type..............cooooiireeiiiiiiiiiie 111
Table 27 Emissions for Northern Ireland, road transport, split by vehicle class and fueltype.............ccccoiieriiiiiiiiiiienennen. 113
Table 2&;, Nonexhaust PMs emissions for England from road vehicles (I0NMnes)..........coooooiiiiiiieee e 115
Table 23, Non-exhaust PMs emissions for Scotland from road vehicles (I0NNES)..........uuvviriiiieiiae e 116
Table 30¢ Nonexhaust PMs emissions for Wales from road vehicles (tONNES).........uuuiiiiiiiiiiiae e 117
Table 31 Nonexhaust PMsemissions for Northern Ireland from road vehicles (10NNES)...........ovvvvviiiiiimiiiis 118

Gl ossary

API Air pollutant inventory

AQ Air quality

AQEG Air Quality Expert Group

NHs Ammonia

Bla]p Benzo[a]pyrene

BAT Best Available Techniques

BEIS Department for Business, Energy & Industrial Strategy
BOFA Boosted Over Fire Air

CO Carbon monoxide

CCGT Combined Cycle Gas Turbine

CLRTAP Convention on Long-Range Transboundary Air Pollution
COMEAP Committee on the Medical Effects of Air Pollutants
Defra Department for Environment, Food & Rural Affairs
DA Devolved Administration

DERV Diesel engine road vehicle

DIT Department for Transport

DUKES Digest of UK Energy Statistics

DVLA Driver and Vehicle Licensing Agency

EEA European Environment Agency

EEMS Environmental and Emissions Monitoring System
EMEP European Monitoring and Evaluation Programme
EPR Environmental Permitting Regulations

EU ETS EU Emissions Trading System

EC European Commission

EEA European Environment Agency

EU European Union

Vii



Air Pollutant Inventories for England, Scotland, Wales, and Northern Ireland: 1990-2018

GHG
GDP
HCB
HCH
HFO
IED
IR
IPPC
LCPD
LDV
LPG
LA
MDO
MSW
NAQS
NAEI
NECD
NOx
NFR
NMVOC
OPRED
PAHs
Pb

PCDD/Fs

PCP
Pl
PM2.s
PMao
POPs
SED
Sl

SO2
UK
UKPIA
UNECE
WID
WHO

Greenhouse Gas

Gross Domestic Product
Hexachlorobenzene
Hexachlorocyclohexane

Heavy Fuel Oil

Industrial Emissions Directive

Informative Inventory Report

Integrated Pollution Prevention and Control
Large Combustion Plant Directive

Light duty vehicles

Liquefied Petroleum Gas

Local Authority

Marine Diesel Oil

Municipal solid waste

National Air Quality Strategy

National Atmospheric Emissions Inventory
National Emissions Ceiling Directive
Nitrogen oxides

Nomenclature for Reporting

Non-methane volatile organic compounds

Offshore Petroleum Regulator for Environment and Decommissioning

Polycyclic Aromatic Hydrocarbons
Lead
Dioxins and furans

[polychlorobenzodioxins (PCDDs) and polychlorodibenzofurans (PCDFs)]

Pentachlorophenol

Pollution Inventory

Particulate matter less than 2.5 micrometres
Particulate matter less than 10 micrometres
Persistent Organic Pollutants

Solvent Emissions Directive

Statutory instrument

Sulphur dioxide

United Kingdom

United Kingdom Petroleum Industry Association
United Nations Economic Commission for Europe
Waste Incineration Directive

World Health Organization

viii



Air Pollutant Inventories for England, Scotland, Wales, and Northern Ireland: 1990-2018

1 Introduction

This is the Air Pollutant Inventory Report for England, Scotland, Wales, and Northern Ireland, presenting
emissions inventories for each region for the period 1990 to 2018 for the following priority pollutants:

Ammonia (NHs)

Carbon monoxide (CO)

Nitrogen oxides (NOx as NO2)

Non-methane volatile organic compounds (NMVOCSs)
Particulate matter less than 10 micrometres (PMuo)
Particulate matter less than 2.5 micrometres (PMa.s)
Sulphur dioxide (SO2)

Lead (Pb)

In addition to the above suite of air pollutants, for which source data and inventory methods are well-established,
experimental inventory statistics are included in Appendix C for emissions of: (i) dioxins and furans (PCDD/Fs),
and (ii) benzo[a]pyrene (B[a]p). These are priority toxic pollutants, emission estimates for which are included
within the scope of UK inventory submissions under the Convention on Long-Range Transboundary Air Pollution
(CLRTAP). These inventories were presented for the first time in the last submission (the 1990-2017 inventory).
The data quality at sub-national level is such that the PCDD/F and B[a]p inventory data continue to be regarded
as experimental statistics at this stage. Further work may be needed to improve the quality of DA estimates
across the full time-series; see Appendix C for further detalils.
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These inventories are compiled on behalf of the UK Department for Environment, Food & Rural Affairs (Defra),
the Scottish Government, the Welsh Government and the Department of Agriculture, Environment and Rural
Affairs for Northern Ireland, by the UK emission inventory teams at Ricardo Energy & Environment, Aether,
Rothamsted Research, and the UK Centre for Ecology & Hydrology (UKCEH).

1.1 Background to Inventory Development

The development of air pollutant inventories (API) for England and each of the Devolved Administrations (DAS)
has been commissioned by Defra to better inform policy-makers within the Devolved Administrations in their
pursuit of objectives set by the Air Quality Strategy for England, Scotland, Wales and Northern Ireland. These
objectives also contribute to the UKd&ds targets in
local and transboundary air pollution. D e f rCleénsAir Strategy 2019 sets out how the UK intends to reduce
pollutant emissions, making our air healthier to breathe, protecting nature and boosting the economy. The
strategy is available here: https://www.gov.uk/government/publications/clean-air-strategy-2019.

The provision of DA-level datasets and subsequent identification of key sources at more regional and local
levels is a key step to enable prioritisation of local action and to highlight the potential impacts of specific policies
and measures. The time-series of air pollutant emissions provides an insight into the effects of environmental
policies and may help to identify where policies could be pursued to achieve both Air Quality and Greenhouse
Gas policy goals.

Further information on the background of the inventory development can be found in Appendix A.

1.2 About the Air Pollutants

Each of the priority air pollutants for which DA inventories are calculated are briefly described below. Further
information can be found on the NAEI website: http://naei.defra.gov.uk/overview/ap-overview, which includes
an overview of the health impacts of these pollutants.

1 Ammonia (NHs3) emissions play a key role in several different environmental issues including
acidification, eutrophication, and changes in biodiversity. The atmospheric chemistry of NHz and
ammonium (NH4*) is such that transport of the pollutants can vary greatly, and that as a result, NHs
emissions can exert impacts on a highly localised level, as well as contributing to the effects of long-
range pollutant transport. Agriculture is an important source of NHs within the UK, with the vast majority
of emissions arising from this sector. Non-agricultural sources of NHz are diverse. Emission estimates

term
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for non-agricultural sources are often highly uncertain since ammonia tends to originate from diffuse
sources, leading to a lack of activity and emission factor data.

1 Carbon monoxide (CO) arises primarily from incomplete fuel-combustion and industrial processes. CO
is of concern mainly due to its toxicity and its role in tropospheric ozone formation. In terms of human
health, CO combines with haemoglobin in blood, decreasing the uptake of oxygen by the lungs, with
symptoms varying from nausea to asphyxiation depending upon the level of exposure.

1 Nitrogen oxides (NOy) arise primarily from combustion sources. The estimation of these emissions is
complex since the nitrogen can be derived from either the fuel or atmospheric nitrogen. The emission
is dependent on the conditions of combustion, in particular, temperature and excess in air-fuel ratio (this
is the extent by which oxygen in the air is in excess of the minimum amount required for complete
combustion of the fuel), which can vary considerably. Thus, combustion conditions, engine load and
even state of maintenance are important. Studies into the effects of exposure on human health suggest
NOx has an exacerbating effect on respiratory illnesses and cardiovascular disease; however, due to
NOx often being co-emitted with several other pollutants, the quantification of health impacts from NOx
alone is complex (COMEAP, 2018).

1 Non-Methane Volatile Organic Compounds (NMVOCSs) are emitted to air from a large, diverse range
of sources from across many industrial sectors, transport, agriculture, and the residential sector. They
are emitted primarily as combustion by-products, as vapour arising from the transfer, storage and
handling or use of petroleum distillates, or from the use of solvents or chemicals. The Solvent and Other
Product Use sector comprises industrial and domestic solvent applications (such as cleaning,
degreasing), as well as the manufacturing and processing of chemical products.

1 Particulate matter as PMio and PM_s is a measure of the size distribution of the particles emitted to
air and represents the material with an aerodynamic diameter less than 10 and less than 2.5
micrometres, respectively. Particulate matter in the atmosphere arises from primary and secondary
sources. Primary sources are direct emissions of particulate matter into the atmosphere and arise from
a wide range of sources such as fuel combustion and mechanical break-up in, for example, quarrying
and construction sites. Particulate matter may be formed in the atmosphere through reactions of other
pollutants such as SOz, NOx and NHzs to form solid sulphates and nitrates, as well as organic aerosols
formed from the oxidation of NMVOCs. These are known as secondary sources. These inventories only
consider primary sources. For further information on secondary particulates see the Air Quality Expert
Group (AQEG) Report on particulate matter in the United Kingdom (AQEG, 2005) and on fine particulate
matter (PM2.s) in the United Kingdom (AQEG, 2012).

1 Sulphur dioxide (SO2) emissions commonly arise from combustion and can be calculated from the
sulphur content of the fuel and from information on the amount of sulphur retained in the ash. Inventory
estimates are produced using UK energy statistics, together with information on the sulphur content of
liquid fuels and data on sulphur content of coal from coal suppliers.

1 Lead (Pb) emissions, prior to 1999 arose primarily from the combustion of leaded petrol. The lead
content of petrol was reduced from around 0.34 g/l to 0.143 g/l in 1986. From 1987, sales of unleaded
petrol increased, particularly as a result of the increased use of cars fitted with three-way catalytic
converters which are incompatible with leaded petrol due to catalyst poisoning. Leaded petrol was then
phased out from general sale at the end of 1999. These changes have caused a significant decline in
total Pb emissions across the UK between 1990 and 2000. The UK-wide emissions of Pb now primarily
originate from combustion sources (mainly of solid fuels, biomass, and lubricants in industrial and
residential sectors), and from metal production processes at foundries and iron and steel works.

1.3 Data Sources and Inventory Methodology

The EnglandandDev ol ved Administrationsé inventories are
presented within the &JK Informative Inventory Report (1990 to 2018)d(Richmond, et al., 2020), derived from
the National Atmospheric Emissions Inventory (NAEI). The emission estimates for each pollutant are presented
in Nomenclature for Reporting (NFR) format, to be consistent with the UK inventory submissions to the United
Nations Economic Commission for Europe (UNECE), which follow international inventory reporting guidelines.
Emission estimates at the national level are made using direct emission measurements (e.g. for industrial point

comp
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sources) or by combining activity data with a mixture of country-specific and default emission factors
(EMEP/EEA Guidebook, 2019). These are known as dottom-updand dop-downdapproaches, respectively.

The method for disaggregating UK emission totals across England and the Devolved Administrations (DAS)
draws on a combination of point source data (e.g. Pollution Inventory® data for industrial emissions) and sub-
national and local datasets such as:

1 BEIS sub-national statistics on energy use;

1 Other regional energy use data for specific industries or regional data on raw material consumption or
sector-specific production;

Data on vehicle kilometres;

Domestic and international flight data from each major UK airport;

Regional housing, employment, population, and economic data;

Agricultural surveys (livestock numbers, crop production, fertiliser application);

1 Land use survey data.
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Disaggregated emission estimates are only published when they can be directly attributed to the constituent

countries, therefore emissions from offshore oil and gas installations and the vessels servicing them are

excluded from the reported totals and accompanying dataset. In2018, t hi s oO6unall ocated6 pr
inventory total was 7% of the UK total for NMVOCs, 5% for NOx, 2% for CO and SO2 and 1% for PMio and

PM2s. The 6 u n a | | prapertioread the UK inventory was zero or negligible for the remaining pollutants. For

this reason, the sum of the DA total emissions for these pollutants will not match the published UK national

totals. Further information on the data sources and inventory methodology can be found in Appendix B.

1.4 Uncertainties

Uncertainties in the UK inventory are associated with the availability and quality of activity data, emission factors,
and the methodologies used in emissions calculations throughout the time-series. These uncertainties are
guantified in assessments using both the Tier 1 uncertainty aggregation method and a Tier 2 method using a
statistical Monte-Carlo technique. The Tier 1 methodology investigates the impact of the assumed uncertainty
of individual parameters (such as emission factors and activity statistics) upon the uncertainty in the total
emission of each pollutant. Results from both the Tier 1 methodology and the Monte-Carlo analysis are
presented in Chapter 1.7 of the 4JK Informative Inventory Report (1990 to 2018)6(Richmond, et al., 2020).

The air pollutant inventories for England, Scotland, Wales and Northern Ireland are derived by disaggregating

UK emissions across the four countries and the unallocated region, and so the UK-wide uncertainty is
compounded by further uncertainty introduced by the methods developed to split emissions on a source-activity

scale. These uncertainties are not quantified within this report. Instead, an indicative and relative uncertainty

rating is provided in Appendix E and summarised in Table1.A 61 owd rating implies a |o
in the emission estimates for the pollutant relative t
rating. Further information on the uncertainties for each pollutant can be found in Appendix E.

In general, the NAEI is regarded as an international leader in terms of quality and accuracy, e.g. through the
application of higher Tier methodologies, particularly for key sources, and a continuous improvement process.

Further commentary on the levels of uncertainty in data used to estimate the emission inventories of B[a]p and
PCDD/Fs is included in Appendix C.3.2.

1¢KS GSNY at2ffdziAz2zy LYy@SyGa2NERé Ada dzaSR KSNB (2 NBLNBaSyd GK!
The Environment Agency, the Scottish Environment Protection Aghllatyral Resources Walasd the Northern Ireland
Environmemn Agency which comprise annual emission estimates from all EERAgulated processes under their authority.
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Table 17 Indicative uncertainty rating for each pollutant present in the UK API

Pollutant Indicative Uncertainty Rating

Ammonia (NH3) Moderate
Carbon monoxide (CO) Moderate
Nitrogen oxides (NOx) Low
Non-methane volatile organic compounds (NMVOCs) Moderate
Particulate matter (PM1o0 and PMz2:5) High
Sulphur dioxide (SOz2) Low
Lead (Pb) High
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2Devol ved Administrationsé®éb

The following sections outline the findings of the inventory for each Devolved Administration, providing
information on the trends and emission estimates for each of the eight air pollutants.

These sections include the following:

1

Figures graphically presenting the inventory data, showing the annual trend from 1990 to 2018 for
each pollutant. These graphs are also disaggregated by sector, and further information on these sectors
can be found in Appendix G.

Summary information on trends is provided for each pollutant, highlighting the key reasons for the
observed trend since 1990 and other notable aspects of the trend. This information is not guided by
detailed statistical analysis, but through association of underlying trends in activity data with the visible
trends in emissions.

Normalised trends for all pollutants are graphically presented to enable pollutant comparison. This
normalised graph provides information on the relative rate at which all pollutants have declined across
the time-series, with 1990 emissions as the base value (equal to 1).

Mapped emissions for all pollutants are also provided to show the geographical disaggregation of each
pollutant. This helps the reader to identify substantive areas for emissions and the spatial patterns
associated with that pollutant. For example, NOx emissions are concentrated around the road networks
of the countries.

Sector contribution matrix provides an overview of the importance of each sector for each pollutant.
For example, the transport sector accounts for a considerable proportion of CO, NOx and PMio
emissions in some regions. This is another way in which the pollutants can be compared.

/
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2.1 England

The following section provides a summary of emissions in England for the eight priority air pollutants: NHs, CO,
NOx, NMVOCs, PM1o, PM25, SO2, and Pb. Information is also presented for emissions of PCDD/Fs and B[a]p,
with more detailed information for these two pollutants presented in Appendix C.2. Emissions of PCDD/Fs and
B[a]p should be considered as experimental statistics at this stage. Appendix F presents the DA inventory data
summary tables, whilst Appendix G presents source category mapping used in the report.

Figure 1 shows emissions of all ten air pollutants normalised to provide the relative rate of decline since 1990.
This graph shows that all pollutant emission levels are lower in 2018 than they were in 1990. The rate at which
they have declined is similar for PM1o, PM2s, NOx, NMVOC and CO. However, Pb and dioxins show a much
higher rate of reduction from 1990 to 2000 which is coincident with the phase-out of leaded petrol and the
closure of older MSW incinerators prior to 1996.

By contrast, NHz emissions have declined at a slower rate than other pollutants and have even risen in recent
years due to increases in activity from several sources; urea-based fertiliser application; increases in housed
cattle numbers and subsequent manure spreading on soils; and increases in digestate and other organic
fertilisers which are applied to soils. SOz emissions declined rapidly between 1990 and 1999 due to reductions
in the sulphur content of fuels and a shift in electricity production to natural gas and away from coal and fuel oil.
Emissions of NOx have declined notably since 2007 primarily due to reductions in road transport emissions and
the emissions from the power generation sector.

Figure 17 England normalised trends for all pollutants
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Figure 27 Ammonia Emissions in England
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Emissions of ammonia were estimated to be 190kt in 2018 and have declined by 18% since 1990. Emissions in
England account for 69% of the UK total in 2018. Agricultural sources make up by far the largest contribution to
ammonia emissions in the inventory throughout the time-series. In 2018, emissions from cattle manure
management (NFR 3B1a, 3B1b) and animal manure applied to soils (NFR 3Da2a) each account for over 20% of
total emissions in England, whilst inorganic fertilisers (NFR 3Dal) account for a further 19%. The trends in NHs
emissions have been largely driven by decreasing livestock numbers (with the exception of poultry) and decreasing
use of fertiliser nitrogen to 2010, after which declines have levelled out or even increased slightly. The increase in
emissions since 2013 is mostly a result of increased application of urea-based and organic fertilisers such as

digestate to agricultural soils.

Figure 31 Carbon Monoxide Emissions in England
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Emissions of carbon monoxide were estimated to be 1,119kt in 2018 and have declined by 81%since 1990.
Emissions in England account for 73% of the UK total in 2018. This decline in emissions stems from changes
in transport sources, particularly in road transport. The decline is driven by the introduction of Euro standards
after 1992, which requires fitting of emission controls (e.g. three-way catalytic converters) in new petrol
vehicles and in more recent years, the switch from petrol cars to diesel cars. Since 2008, emissions from
passenger cars have further decreased, mainly driven by improvements in catalyst repair rates resulting from
the introduction of regulations controlling the sale and installation of replacement catalytic converters and
particle filters for light duty vehicles. In recent years, emissions from the residential, commercial and public
combustion sector have increased, which corresponds with an increasing use of wood fuel, predominantly in
the residential sector (BEIS, 2019a).

Figure 471 Nitrogen Oxides Emissions in England
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Emissions of nitrogen oxides were estimated to be 605kt in 2018, representing 74% of the UK total.
Emissions have declined by 75% since 1990, mainly due to changes in transport sources, particularly in
road transport. This decline is driven by the successive introduction of tighter emission standards for petrol
cars and all types of new diesel vehicles over the last decade. Since 2008, emissions from passenger cars
have further decreased, which is mainly driven by improvements in catalyst repair rates after the introduction
of regulations controlling the sale and installation of replacement catalytic converters and particle filters for
light duty vehicles. However, the increasing number of diesel cars offsets these emissions reductions,
because diesel cars emit higher NOx relative to their petrol counterparts. Emission reductions across the
time-series from energy industries are mainly due to shifts in the electricity generation fuel mix in the early
1990s from coal to natural gas (BEIS, 2019a) along with the installation of NOx abatement at coal-fired
power stations such as the installation of Boosted Over Fire Air (BOFA) systems since 2008. More recently,
the accelerated phase-out of coal firing at power stations in favour of natural gas, and an increasing share
of renewable energy generation (BEIS, 2019b) has contributed to a 16% decline in overall NOx emissions
since 2015.
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Figure 517 NMVOC Emissions in England

2,000
1,800
1,600
Disaggregation of Solvent
1,400 Process emissions, 2018
_ 1,200
o
1,000
800
600
THHHT
200
OO OO AN M LWWOMNSNEG® O — N M ! W~ W % Domestic
F DN DO OO0 0 =2 d oo oo .
O OO0 0000000000000 000 M Industrial
B Other W Fugitive
B Industrial Combustion M Transport Sources
M Res / Com / Public Combustion Solvent Processes
W Agriculture B Waste

M Industrial Processes

Emissions of non-methane volatile organic compounds were estimated to be 526kt in 2018, representing
65% of the UK total in 2018. Emissions have declined by 75% since 1990. Emissions from solvent processes
reduced during the 1990s, but across the time-series the trend is dominated by reductions in emissions from
transport and fugitive sources, including evaporative losses of fuel vapour from petrol vehicles. The decline
is driven by emission control technologies introduced in new petrol vehicles since the early 1990s and in more
recent years the switch from petrol cars to diesel cars. The reduction in emissions also occurs to a lesser
extent due to the introduction of petrol vapour recovery systems at filling stations. With this large reduction in
transport emissions, solvent processes are now the most important source of NMVOC emissions, with the
majority of emissions in 2018 arising from both domestic and industrial solvent applications.

Figure 61 PMio Emissions in England
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Emissions of PM1 were estimated to be 138kt in 2018 and have declined by 52% since 1990. They account
for 79% of the UK total in 2018. Unlike most other pollutants, the emissions profile of PM1o is diverse: transport
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sources, residential combustion, and industrial combustion each accounting for over 10% of total emissions
in 2018. Some sources are more significant, with emissions from industrial processes alone accounting for
around a 1/3" of total emissions in England during 2018. Emissions from energy industries have had the
most notable impact on the trend since 1990, primarily as a result of fuel switching from coal-fired energy
generation to natural gas (BEIS, 2019a). Additionally, PM1o exhaust emissions from diesel vehicles have
been decreasing due to the successive introduction of tighter emission standards over time. However, since
2007, emissions from the combustion of biomass in unclassified industries (i.e. NFR code 1A2gviii) and
domestic wood combustion have caused the national trend to plateau.

Figure 717 PM2s Emissions in England
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Emissions of PM;s were estimated to be 83kt in 2018 and have declined by 52% since 1990. Emissions in
England account for 78% of the UK total in 2018. As with PM1o, PM2s emissions have a large number of
significant sources. Since combustion tends to produce finer particles, emissions from these sources (e.g.
energy industries, industrial combustion) are of greater importance for this size fraction compared to PMio.
For PMzs, the residential, commercial, and public sector combustion category accounts for 62% of 2018
emissions. The primary drivers for the decline in emissions since 1990 are the switch in the fuel mix used in
electricity generation away from coal and towards natural gas, particularly in the early time-series, and later
reductions in emissions from the transport sector due to the introduction of progressively more stringent
emissions standards through time. Since 2005, declines in emissions have been offset by increases in
emissions from the residential sector, and in particular, the combustion of wood.
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Figure 8 - Sulphur Dioxide Emissions in England
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Emissions of sulphur dioxide were estimated to be 119kt in 2018, representing 74% of the UK total.
Emissions have declined by 96% since 1990, which has been dominated by the reduction in energy industries
emissions, coincident with large changes in the power generation sector. These include the reduction in coal
fired power generation since 1990; improved emission controls on large coal fired plants; co-firing of biomass
in coal fired power stations; the introduction of CCGT (Combined Cycle Gas Turbine) plants, which are more
efficient than conventional coal and oil stations and have negligible SOz emissions; and, since 2007, the rapid
expansion of the renewable share of electricity generation (BEIS, 2019b). The increase in emissions in 2012
was due to an increase in the use of coal in power generation relative to previous years (BEIS, 2019b).
Transport sources emissions have declined, coincident with the reduced sulphur content of road fuels, both
petrol and diesel. Emissions from industrial combustion, declined substantially during the 1990s, mainly due
to a reduction in coal and fuel oil use in the chemicals sector and other industries.

Figure 97 Lead Emissions in England
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Emissions of lead were estimated to be 69 tonnes in 2018, representing 74% of the UK total. Emissions have
declined by 97% since 1990 almost entirely due to changes in transport sources. Petrol with lead additives
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was phased out from general sale by the end of 1999, which is the reason underlying a significant decrease
in transport emissions between 1990 and 2000. Also, during the 1990s, emissions from the waste sector
declined as older waste incinerators were phased out. Since 2000, the predominant sources of emissions are
linked to industry (industrial processes and industrial combustion) with the dominant subsector being the

production of iron and steel.

Table 2 below provides a summary of the percentage contribution of each sector for each pollutant in 2018. The
table is shaded according to the overall contribution of that sector to the pollutant total. The table below indicates
that the Residential, Commercial & Public Sector Combustion category is important for CO, SO2, PM1o, PM2:s5,
B[a]p and Dioxins, accounting for at least 28% of emissions for each pollutant.

Fuel combustion is a major source of emissions, whilst Industrial Processes are also important, especially for
emissions of Pb from the iron and steel industry. This table also highlights that although emissions from the
agriculture sector are not significant when considering all pollutants, it is of very high significance when
considering emissions of NHz; the same is true for NMVOC emissions from Solvent Processes.

Table 27 Source Emission Contributions Ranked by Sector, England 2018

Sector NHs CcO
Agriculture - IE
Energy Industries IE 4.5%
Fugitive IE 0.1%
Industrial Combustion IE 30.0%
Industrial Processes 1.4% 4.4%
e, e
Solvent Processes IE IE
Transport Sources 1.9% 21.0%
Waste 3.7% 0.7%
Other 89% 1.1%
* The sector: fAothero wildl
have been

to each pollutant can be found in Table 23.

NO« VOC PM10 PM25 SO
0.1% 11.8% 8.7% 2.3% IE
15.9% IE 2.3% 3.1% 31.5%
IE 12.8% IE IE 0.7%
18.4% 3.2% 11.2% 18.1% 23.2%
0.0% 7.9% | 32.7% 11.0% 6.3%
10.5% 8.0% | 28.5% - 28.4%
IE 48.4% 1.0% 0.6% IE
49.8% 6.2% 12.6% 14.2% 8.2%
0.0% 0.1% 1.2% 1.9% IE
5.3% 1.6% 1.8% 2.7% 1.6%
include all ot her o

mar kedEo{ osetdei habheeasofy

Pb Bla]p  Dioxins
IE IE IE
29% 2.9% 1.0%
IE 0.5% 0.1%
12.2% 0.7%  15.0%
39.7% 1.3% 7.4%
5.8% - 39.0%
IE 0.1% 0.5%
38.3% 1.9% 4.2%
0.7% 3.8% 32.7%
0.5% 0.0% 0.0%

c at e g ocant fers specific pollutant. Thesee nt or y
r e p o r.tAibreadownaf what is inadutied withid thisschtegeryvih respesto )
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Figure 107 Ammonia Emissions in England, 2018
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Figure 14 - PMio Emissions in England, 2018
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Figure 16 i Lead Emissions in England, 2018
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Figure 157 PM2s Emissions in England, 2018
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Figure 17 1 Sulphur Dioxide Emissions in England, 2018
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2.2 Scotland

The following section provides a summary of emissions in Scotland for the eight priority air pollutants: NHz, CO,
NOx, NMVOCs, PMio, PM25, SO2, and Pb. Information is also presented for emissions of PCDD/Fs and B[a]p,
with more detailed information for these two pollutants presented in Appendix C.2. Emissions of PCDD/Fs and
B[a]p should be considered as experimental statistics at this stage. Appendix F presents the DA inventory data
summary tables, whilst Appendix G presents source category mapping used in the report.

Figure 18 shows emissions of all ten air pollutants normalised to provide the relative rate of decline since 1990.
This graph shows that all pollutant emission levels are lower in 2018 than they were in 1990. The decline is
relatively similar for PM1o, PM2.5, NOx, NMVOC, PCDD/Fs, SOz and CO.

However, Pb shows a much higher rate of reduction from 1990 to 2000 which is coincident with the phase-out
of leaded petrol by the end of 1999. B[a]p emissions similarly show a large decrease between 1990 and 2000,
due primarily to the banning of field burning in 1994. NHs emissions, by contrast, have declined at a slower rate
than other pollutants. The peaks in SOz emissions for 2006 and 2010 were due to an increase in energy
emissions, linked to changes in the consumption of coal in power stations.

Emissions of NOx have declined notably since 2007 primarily due to reductions in road transport emissions and
the power generation sector. These are most likely linked to the installation of de-NOx abatement systems
(Boosted Over-Fire Air) on all four units at Longannet coal-fired power station (Scottish Power, Longannet
Power Station, 2012) and also at Cockenzie power station (Scottish Power, 2011), which reduces NOx
emissions formed during coal combustion by up to 25%. Cockenzie power station has since ceased operation,
in March 2013, and Longannet power station closed in March 2016.

Figure 18 - Scotland normalised trends for all pollutants
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Figure 197 Ammonia Emissions in Scotland
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Emissions of ammonia were estimated to be 31kt in 2018. These emissions have declined by 16% since 1990
and accounted for 11% of the UK total in 2018. Agriculture sources have dominated the inventory throughout the
time-series, with cattle manure management accounting for at least 30% of the emissions from this sector across
the entire time-series. The trend in NHs emissions has been largely driven by decreasing animal numbers and a
decline in fertiliser use, which have tended to decrease emissions across the time-series. However, an increased
use of urea-based fertilisers, which are associated with higher NHz emission factors, has had the opposite effect
in recent years. The result is a plateauing of emissions since 2008, with an observed increase between 2013 and
2016. The land-spreading of non-manure digestates have caused additional increases over this period. Increases
in the 1990s in Transport are linked to the introduction of three-way catalytic converters, although subsequent
technological advancements mean that emissions have been declining since 2000.

Figure 207 Carbon Monoxide Emissions in Scotland
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Emissions of carbon monoxide were estimated to be 107 kt in 2018 and have declined by 84% since 1990.
Emissions in Scotland accounted for 7% of the UK total in 2018. This decline in emissions stems from
changes in transport sources, particularly in road transport. The decline is driven by the introduction of Euro
standards after 1992 which required fitting of emission control (e.g. three-ways catalytic converters) in new
petrol vehicles and in more recent years the switch from petrol cars to diesel cars. Since 2008, emissions
from passenger cars have further decreased, which is mainly driven by improvements in catalyst repair rates
resulting from the introduction of regulations controlling the sale and installation of replacement catalytic
converters and particle filters for light duty vehicles. In recent years, emissions from the residential,
commercial and public sector combustion have increased, which corresponds with an increasing use of wood
fuel in the domestic sector (BEIS, 2019a).

Figure 217 Nitrogen Oxides Emissions in Scotland
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Emissions of nitrogen oxides were estimated to be 86kt in 2018, representing 10% of the UK total. Emissions
have declined by 73% since 1990, mainly due to changes in transport sources, particularly in road transport.
This decline is driven by the successive introduction of tighter emission standards for petrol cars and all types
of new diesel vehicles over the last decade. Since 2008, emissions from passenger cars have further
decreased, which is mainly driven by improvements in catalyst repair rates resulting from the introduction of
regulations controlling the sale and installation of replacement catalytic converters and particle filters for light
duty vehicles. However, the increasing number of diesel cars partly offsets these emissions reductions,
because diesel cars emit higher NOx relative to their petrol counterparts (89% of 2018 passenger car
emissions were due to diesel cars). The peak in NOx emissions in 2006 is due to the increased use of coal
at power stations that year. There was also a small increase in coal-fired generation in 2012 due to a UK-
wide shift in power generation fuel mix from gas to coal in that year (BEIS, 2019a). The decline in NOx
emissions since 2007 is also linked to the power sector, as Boosted Over-Fire Air (BOFA) abatement systems
were fitted to all f our NOxfemitsions fjomrcoaldited genenation by ap,to 26%
(Scottish Power, 2012). BOFA systems were also fitted on all four units at Cockenzie power station which
then closed in 2013 (Scottish Power, 2011). Longannet power station closed in March 2016.
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Figure 227 NMVOC Emissions in Scotland
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Emissions of non-methane volatile organic compounds were estimated to be 144kt in 2018, representing
18% of the UK total. Emissions have declined by 64% since 1990. This reduction has been dominated by the
90% decrease in fugitive emissions since 1990. This is primarily due to the decrease in emissions from the
exploration, production, and transport of oil, specifically emissions from the onshore loading of oil. The
decrease between 2008 and 2009 was due to reductions in fugitive NMVOC emissions from oil loading at the
Sullom Voe terminal in Shetland. Emissions from the food and drink industry (which accounts for around 86%
of industrial processes emissions in 2018) have increased since 2009 due to the increased production and
storage of whisky, contributing approximately 51% of NMVOC emissions in Scotland in 2018. Emissions from
road transport sources, including evaporative losses of fuel vapour from petrol vehicles have also declined
over time due to emission control technologies introduced in new petrol vehicles since the early 1990s. The
reduction in emissions also occurs to a lesser extent due to the introduction of petrol vapour recovery systems
at filling stations.
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Figure 237 PMio Emissions in Scotland?
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Emissions of PM1o were estimated to be 15kt in 2018, declining by 62% since 1990. These emissions account
for 9% of the UK total. Unlike most other pollutants, the emissions profile of PMuo is diverse: transport sources,
residential and industrial processes each accounted for over 15% of total emissions in 2018. Emissions from
energy industries and transport sources have had the most notable impact on the trend. This reduction is
primarily due to abatement at coal-fired stations, the increase in nuclear and renewable energy sources and
the increase in the use of gas in energy generation (which has negligible PM1o emissions) in place of coal
(BEIS, 2019a). PM1o exhaust emissions from diesel-fuelled vehicles have been decreasing due to the
successive introduction of tighter emission standards over time. Increasingly non-exhaust sources of PMuo
(for example tyre wear) have become more important to consider as exhaust PM1o has been reduced. In fact,
in 2018, 79% of emissions from the road transport sector were related to non-exhaust sources. In recent
years, emissions from the residential and other combustion sector have slightly increased, and this is due to
an increasing quantity of wood fuel use, primarily in the residential sector (BEIS, 2019a).

260utdoor industriesd presented in the bubble graph r el ataedfishingindustidsusti on emi ss
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Emissions of PM. s were estimated to be 8kt in 2018, declining by 67% since 1990. These emissions account
for 8% of the UK total in 2018. As with PM1o, PM2s emissions have a large number of significant sources.
However, process emissions tend to produce coarser PM fractions and as such, combustion emissions are
of greater importance for PM2s compared to PM1o. For PMzs, the residential, commercial, and public sector
combustion category (which includes agricultural combustion and fishing vessels i NFR code 1A4c) accounts
for 44% of 2018 emissions. The primary drivers for the decline in emissions since 1990 are the switch in the
fuel mix used in electricity generation away from coal and towards natural gas, particularly in the early time-
series, and later reductions in emissions from the transport sector due to the introduction of progressively
more stringent emissions standards through time. Since 2005, declines in emissions have been offset by
increases in emissions from the residential sector, and in particular, the combustion of wood.
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Figure 257 Sulphur Dioxide Emissions in Scotland
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Emissions of sulphur dioxide were estimated to be 13kt in 2018, representing 8% of the UK total in 2018.
Emissions have declined by 96% since 1990, dominated by the reduction in energy industries emissions,
coincident with large changes in the power generation sector. These include the reduction in coal fired power
relative to other sources; improved emission controls on some large coal fired plants such as the installation
of an FGD (flue-gas desulphurization) plant at Longannet power station; and also the use of coal of lower
sulphur content in later years to Cockenzie (Scottish Power, 2011) (Scottish Power, 2012). Emissions from
power generation fell between 2012 and 2013 due to the closure of Cockenzie power station in March 2013,
and a UK-wide shift in power generation fuel mix back from coal to natural gas (BEIS, 2019a). The closure
of Longannet in 2016 is the primary cause of the decline in emissions between 2016 and 2017. SO2 emissions
from transport sources have declined, coincident with the reduced sulphur content of road fuels, for both
petrol and diesel.

Figure 267 Lead Emissions in Scotland

0.2 0.01
0.15 0.005
0.1
(]
Q
o
o

tonnes
o

2001 NN
2002 [N
2003 [N
2004 [N
2005 [N
2006 NN
2007 [N
200s [
2009 R

2010 [
2011 [

2012 DR
2013 [

2014 [

2015 [

2016 [

2017 [

2018 [

0.05 I
0 .-------————————————
O n 0w O QO = o m T m W N~ W @ O = o m®m < ;N WV I~ o
& o o o O 9 o 9 o O O o 0 0 4 =4 =% =S = = = = =
a [2)] [=)] [s)] o (=] (] o (] (] o (=] [&] o o (o] (] o (@] o (] o (]
— — ~— ~— o~ o~ o~ o~ (o] o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~
B Other M Industrial Processes
B Waste B Transport Sources

M Res / Com / Public Combustion
B Industrial Combustion
M Energy Industries

Emissions of lead were estimated to be 5.9 tonnes in 2018, representing 6% of the UK total. Emissions have
declined by 97% since 1990 almost entirely due to changes in transport sources. Petrol with lead additives
was phased out from general sale by the end of 1999, which is the reason for the significant decrease in
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transport emissions between 1990 and 2000. The peak in 2004 was due to an increase in reported emissions
from coal combustion in power generation. Transport sources accounted for 52% of total lead emissions in
2018, with industrial combustion accounting for 15%, and use of fireworks contributing a further 11%.

Table 3 below provides a summary of the percentage contribution of each sector for each pollutant in 2018.
The table is shaded according to the overall contribution of that sector to the pollutant total. The table below
indicates that the Residential, Commercial & Public Sector Combustion is an important sector when considering

emissions of CO, SOz, PM1o and PM2s.

Industrial Processes is also notable, especially for NMVOCs, which is due to the importance of the food and
drink industry in Scotland. This table also highlights that although emissions from the Agriculture sector are not
as significant when considering all pollutants, it is of very high importance when considering emissions of NHs.

Table 37 Source Emission Contributions Ranked by Sector, Scotland 2018

PM2.5 S02

4.5% IE

2.4% 34.5%
IE 1.1%

13.5% 11.7%
9.2% 4.7%

3.2% 25.1% - 29.1%

Sector NH3 CcO NOXx VOC PM10
Agriculture S 20%  IE 00%  93%  17.5%
Energy Industries IE 4.1% 12.7% IE 1.6%
Fugitive IE 0.7% IE 13.4% IE
Industrial Combustion IE 26.5% 14.2% 1.1% 7.7%
Industrial Processes 0.2% 0.2% 0.0% 53.1% 27.6%
Residential,
Commercial & Public IE 43.3% 19.7%
Sector Combustion
Solvent Processes IE IE IE 16.5% 0.6%
Transport Sources 1.2% 23.4% @ 47.6% 2.7% 15.3%
Waste 2.0% 0.7% 0.0% 0.0% 1.1%
Other 4.5% 1.2% 5.8% 0.6% 3.5%
* The sector: fAothero includes all fAothero
been mar ked i EO(tuhsee dt aibnl ei navse nit or y

each pollutant can be found in Table 23.
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20.1% 17.7%
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IE IE IE
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IE 0.1% 0.5%
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Figure 277 Ammonia Emissions in Scotland, 2018
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Figure 317 PMio Emissions in Scotland, 2018
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Figure 337 Lead Emissions in Scotland, 2018
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Figure 321 PM2s Emissions in Scotland, 2018
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Figure 34 1 Sulphur Dioxide Emissions in Scotland,
2018
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2.3 Wales

The following section provides a summary of emissions in Wales for the eight priority air pollutants: NHz, CO,
NOx, NMVOCs, PMio, PM25, SO2, and Pb. Information is also presented for emissions of PCDD/Fs and B[a]p,
with more detailed information for these two pollutants presented in Appendix C.2. Emissions of PCDD/Fs and
B[a]p should be considered as experimental statistics at this stage. Appendix F presents the DA inventory data
summary tables, whilst Appendix G presents source category mapping used in the report.

Figure 35 shows emissions of all ten air pollutants normalised to provide the relative rate of decline since 1990.
This graph shows that the majority of pollutant emission levels are lower in 2018 than they were in 1990. The
decline is relatively similar for PM1o, PM2.s, NOx, dioxins, NMVOC and CO.

However, Pb shows a higher rate of reduction from 1990 to 2000 coincident with the phase-out of leaded petrol
by the end of 1999. B[a]p emissions similarly show a large decrease between 1990 and 2000 due to the ban on
field burning. NHs emissions, by contrast, have declined at a much slower rate than other pollutants, and have
exhibited a slight increase in emissions in recent years due to increases in application of organic and inorganic
nitrogen-based fertilisers, and also due to increases in cattle livestock and subsequent waste management.

Reductions in SO2 since 2006 are due, primarily, to the retrofitting of flue gas desulphurisation and the co-firing
of biomass at power stations, with the increase in 2013 due in part to increases in generation and hence the
amount of fuel consumed.

Many pollutant trends in Wales are also influenced substantially by the combustion and process emission
sources linked to the iron and steel industry, and in particular changes in activity at Port Talbot Steelworks. For
example, between 2012 and 2013 an upturn in production at the plant led to increases in emissions from the
sector across the priority air pollutants reported here, influencing the national trends most notably for CO, Pb
and SOa.

Figure 357 Wales normalised trends for all pollutants
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Figure 36 7 Ammonia Emissions in Wales
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Emissions of ammonia were estimated to be 23kt in 2018. These emissions are at a similar level in 2018 to 1990
and account for 8% of the UK total. Agriculture sources have dominated the time-series, with cattle manure
management alone accounting for at least 36% of emissions throughout. The trend in NHs emissions from 1990
to 2008, has been largely driven by decreasing animal numbers and a decline in nitrogen fertiliser use. However,
increased emission from manure management practices, particularly for dairy cattle, and from the application of
mineral nitrogen fertilisers and digestate to soils have seen emissions increase since reaching a minimum in 2008.

Figure 3717 Carbon Monoxide Emissions in Wales
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Emissions of carbon monoxide were estimated to be 201kt in 2018 and have declined by 64% since 1990.
Emissions in Wales accounted for 13% of the UK total in 2018. This decline in emissions stems from
changes in transport sources, particularly road transport. The decline is driven by the introduction of Euro
standards after 1992 which requires fitting of emission control (e.g. three-ways catalytic converters) in new
petrol vehicles and in more recent years the switch from petrol cars to diesel cars. Since 2008, emissions
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from passenger cars have further decreased, which is mainly driven by improvements in catalyst repair rates
resulting from the introduction of regulations controlling the sale and installation of replacement catalytic
converters and particle filters for light duty vehicles. In more recent years, the most important sector has
been industrial combustion and, more specifically, combustion within the iron and steel industry.

Figure 381 Nitrogen Oxides Emissions in Wales
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Emissions of nitrogen oxides were estimated to be 51kt in 2018, representing 6% of the UK total. Emissions
have declined by 73% since 1990, mainly due to changes in transport sources, particularly in road transport.
This decline is driven by the successive introduction of tighter emission standards for petrol cars and all types
of new diesel vehicles over the last decade. Since 2008, emissions from passenger cars have further
decreased, which is mainly driven by improvements in catalyst repair rates resulting from the introduction of
regulations controlling the sale and installation of replacement catalytic converters and particle filters for light
duty vehicles. However, the increasing number of diesel cars offsets these emissions reductions, because
diesel cars emit higher NOx relative to their petrol counterparts. The reduction in emissions more recently
corresponds to the reduction in coal use at Aberthaw power station since 2013.
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Figure 397 NMVOC Emissions in Wales
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Emissions of non-methane volatile organic compounds were estimated to be 42kt in 2018, representing
5% of the UK total. Emissions have declined by 72% since 1990. This reduction is mainly due to the
decrease in emissions from transport and fugitive sources, including evaporative losses of fuel vapour from
petrol vehicles. This decline coincides with emission control technologies introduced in new petrol vehicles
since the early 1990s and, in more recent years, the increasing proportion of diesel fuelled vehicles in the
passenger fleet. The reduction in emissions also occurs to a lesser extent due to the introduction of petrol
vapour recovery systems at filling stations. Due to this large reduction in transport emissions, solvent
processes are now the most important source of NMVOC emissions in recent years, with the largest amount
of emissions arising from domestic solvent applications.

Figure 40 7 PM1o Emissions in Wales
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Emissions of PMip were estimated to be 12kt in 2018 and have declined by 54% since 1990. These
emissions account for 7% of the UK total in 2018. Unlike most other pollutants, the emissions profile of PMio
is diverse: transport sources, industrial combustion, and industrial processes each account for significant
fractions of the total, although the largest individual source is residential combustion, which accounts for
34% of the 2018 total. Iron and steel process sources such as sinter plants, basic oxygen furnaces and blast
furnaces, and combustion sources, account for a further 14%. As a result, recent trends are influenced by
the use of solid fuels in the residential sector as well as iron and steel production trends, but there is no
strong variation in overall emissions evident in the last 9 years. In recent years, emissions from residential,
commercial and public sector combustion have increased, and this is primarily due to increasing wood fuel
use in the residential sector (BEIS, 2019a)

Figure 417 PMzs Emissions in Wales®
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Emissions of PMz s were estimated to be 8kt in 2018 and have declined by 52% since 1990. These emissions
account for 8% of the UK total in 2018. As with PM1o, PM2.5s emissions have a large number of significant
sources. However, process emissions tend to produce coarser PM fractions and as such, combustion
emissions are of greater importance for PM2s compared to PMio. For PMzs, the residential, commercial,
and public sector combustion category (NFR 1A4, which also includes agricultural combustion and fishing
vessels) accounts for 51% of 2018 emissions. The primary drivers for the decline in emissions since 1990
are the switch in the fuel mix used in electricity generation away from coal and towards natural gas,
particularly in the early time-series, and later reductions in emissions from the transport sector due to the
introduction of progressively more stringent emissions standards over time. Since 2005, declines in
emissions have been offset by increases in emissions from the residential sector, and in particular, the
combustion of wood.
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29

emi ssi



Air Pollutant Inventories for England, Scotland, Wales, and Northern Ireland: 1990-2018

Figure 427 Sulphur Dioxide Emissions in Wales
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Emissions of sulphur dioxide were estimated to be 16kt in 2018, representing 10% of the UK total.
Emissions have declined by 92% since 1990, which has been dominated by reductions in energy industries
emissions. This reduction coincides with the UK-wide shift in power generation fuel mix away from coal to
natural gas, nuclear and renewable sources. Trends in recent years are influenced by emissions from a
range of energy industries (power generation, oil refining) as well as the use of solid fuels in the residential
sector and production trends (and related coal use) in the iron and steel industry.
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Figure 437 Lead Emissions in Wales
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Emissions of lead were estimated to be 14 tonnes in 2018, representing 15% of the UK total. Emissions
have declined by 90% since 1990 almost entirely due to changes in transport sources. Petrol with lead
additives was phased out from general sale by the end of 1999, which is the reason for near total decrease
in transport emissions between 1990 and 2000. The most substantive sources of emissions are now
industrial processes within the iron and steel industry.

Table 4 below provides a summary of the percentage contribution of each sector for each pollutant in 2018.
The table is shaded according to the overall contribution of that sector to the pollutant total. The majority of the
top five sectors are related to the combustion of fuel, whilst Industrial Processes is also significant, which is due
to the iron and steel industry present in Wales. This table also highlights that although emissions from the
agriculture sector are not as important when considering all pollutants, it is of very high significance when

considering emissions of NHa.

Table 47 Source Emission Contributions Ranked by Sector, Wales 2018

Sector NH3 CcO
Agriculture - IE
Energy Industries IE 2.0%
Fugitive IE 3.1%
Combusion LI
Industrial Processes  0.3% 25.9%
Residential,
Pulcsecor B 238%
Combustion
Solvent Processes IE IE
Transport Sources 1.0% 6.6%
Waste 1.4% 0.2%
Other 5.3% 0.3%
* The sector: fAothero
have been

to each pollutant can be found in Table 23.

wi |1
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NOx VOC PM10 PM2.5
0.1% 24.8% 9.0% 2.7%
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23.2% 4.0% 10.5% 14.7%
0.0%  6.0% | 29.5% 16.4%
11.6% 11.3%

IE 32.1% 0.6% 0.3%
38.9% 4.5% 9.5% 9.5%
0.0% 0.1% 0.8% 1.1%
7.0% 2.2% 1.6% 1.5%

include all ot her o

S0O2 Pb Blalp
IE IE IE
20.6%  0.4% 0.3%
4.9% IE 8.6%
37.5% 5.1% 0.5%

3.1%
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IE IE 0.1%
6.3% 11.8% 1.1%
IE 0.2% 2.0%
0.5% 3.6% 0.0%
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Figure 447 Ammonia Emissions in Wales, 2018
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Figure 46 7 Nitrogen Oxides Emissions in Wales, 2018
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Figure 45 i Carbon Monoxide Emissions in Wales,
2018
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Figure 477 NMVOC Emissions in Wales, 2018
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Figure 481 PMio Emissions in Wales, 2018
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Figure 507 Lead Emissions in Wales, 2018
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Figure 491 PM2zs Emissions in Wales, 2018
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Figure 517 Sulphur Dioxide Emissions in Wales, 2018
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2.4 Northern Ireland

The following section provides a summary of emissions in Northern Ireland for the eight priority air pollutants:
NHz, CO, NOx, NMVOCs, PM1o, PM25s, SO2, and Pb. Information is also presented for emissions of PCDD/Fs
and B[a]p, with more detailed information for these two pollutants presented in Appendix C.2. Emissions of
PCDD/Fs and BJ[a]p should be considered as experimental statistics at this stage. Appendix F presents the DA
inventory data summary tables, whilst Appendix G presents source category mapping used in the report.

Figure 52 shows emissions of all ten air pollutants normalised to provide the relative rate of decline since 1990.
This graph shows that all pollutant emission levels except ammonia are lower in 2018 than they were in 1990.
The decline is relatively similar for PM1o, PM2.s, NOx and NMVOC.

However, Pb shows a much higher rate of reduction from 1990 to 2000 due to the phase-out of leaded petrol
by the end of 1999. NHs emissions, by contrast, only reached levels that were lower than 1990 estimates from
2007 onwards but has increased again since 2010 due to rising dairy cattle numbers, and hence emissions from
manure management practices for these animals, and also from the spreading of cattle manure to agricultural
soils. In addition, an increase in other nitrogen-based fertiliser use, primarily urea-based and digestate fertilisers.
The trend for B[a]p is dominated by residential combustion, as is the long-term trend for dioxins.

The reductions in SO: after 2001 are due to a reduction in use of coal in several industries but predominantly in
power generation, linked to the development of the natural gas pipeline to Northern Ireland that enabled fuel
switching away from coal and oil-fired generation (BEIS, 2019b).

Figure 527 Northern Ireland normalised trends for all pollutants
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