
Air Pollutant Inventories for England, Scotland, Wales, and Northern Ireland: 2005-2021

 

i 

  

 

 

 

 

 
 

 

  

 
ED 62689  | Issue 1.0Draft for review | 16th 23rd October August 20182019 

 
ED11787 | Final Issue 1.1 | 21st September 2023 

Air Pollutant Inventories for England, 
Scotland, Wales, and Northern Ireland: 
2005-2021 

______________________________________________________________ 
Prepared by Aether Ltd 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. 



Air Pollutant Inventories for England, Scotland, Wales, and Northern Ireland: 2005-2021

 

ii 

 

Customer: Contact: 

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.  

 

 

 

Science policy enquiries should be directed to: 

Jen Cottingham,  

National Emissions Evidence Team,  

Air Quality and Industrial Emissions, Environmental 
Quality, Department for Environment, Food and Rural 
Affairs, Horizon House, Deanery Road, Bristol, BS1 5AH, 
UK. 
jennifer.cottingham@defra.gov.uk 

Confidentiality, copyright & reproduction: 

This report is the Copyright of BEIS and has 
been prepared by Aether on behalf of Ricardo 
Energy & Environment, a trading name of 
Ricardo-AEA Ltd under contract ñ Compilation 
and reporting of the NAEI for the supply of 

the UKôs GHGI and AQPIò signed 17th May 2021. 
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. 

Technical enquiries should be directed to: 

Lucy Garland 

Aether Ltd 

Centre for Innovation, New Road, Oxford, 

OX1 1BY 

lucy.garland@aether-uk.com 

  

 Main Authors: 

 Garland L, Gleeson L, Blannin L, Mitchell J,  Batchelor A, 
Szanto C, Hampshire K, King K (Aether),  Richmond B, 
Thistlethwaite G (Ricardo Energy & Environment) 

 With contributions from 

Gavrilova O (Aether), Ingledew D, Churchill S, 
MacCarthy J, Avis K, Brown P, Del Vento S, Galatioto F, 
Gorji S, Karagianni E, Kelsall A, Misra A, Murrells T, 
Passant N, Pearson B, Richardson J, Stewart R, 
Tsagatakis I, Wakeling D, Walker C, Willis D, Wiltshire J, 
Wong J, Yardley R (Ricardo Energy & Environment), 
Carswell A, Misselbrook T (Rothamsted Research), 
Dragosits U, Tomlinson S (UKCEH) 

Reviewed By: 

Kathryn Hampshire 
 

Date:  

30/08/2023 
 

Signed: 

  



Air Pollutant Inventories for England, Scotland, Wales, and Northern Ireland: 2005-2021

 

iii 

Table of contents 
List of figures ...................................................................................................................... iv 

Glossary ............................................................................................................................. vii 

1 Introduction ................................................................................................................. 1 

1.1 Background to Inventory Development .............................................................................. 1 

1.2 About the Air Pollutants ..................................................................................................... 1 

1.3 Data Sources and Inventory Methodology ......................................................................... 3 

1.4 Uncertainties ...................................................................................................................... 3 

2 Devolved Administrationsô Air Pollutant Estimates ................................................. 6 

2.1 England .............................................................................................................................. 7 

2.2 Scotland ........................................................................................................................... 18 

2.3 Wales ............................................................................................................................... 30 

2.4 Northern Ireland ............................................................................................................... 41 

3 References ................................................................................................................ 52 

Appendix A Background to Inventory Development .................................................. 53 

A.1 National Emissions Ceilings Regulations ........................................................................ 53 

A.2 Gothenburg Protocol ........................................................................................................ 53 

A.3 Industrial Regulation and Pollutant Release and Transfer Register ................................ 53 

A.4 Heavy Metals Protocol ..................................................................................................... 54 

A.5 Persistent Organic Pollutants (POPs) Protocol and the Stockholm Convention ............. 55 

A.6 Sulphur Content of Liquid Fuels Directive ....................................................................... 55 

A.7 Devolved Administration Air Quality Policy ...................................................................... 55 

A.8 Air quality plan for nitrogen dioxide (NO2) in the UK ........................................................ 56 

A.9 Air Quality Standard Regulations ..................................................................................... 56 

Appendix B Inventory Methodology ............................................................................ 57 

B.1 Data Availability ............................................................................................................... 57 

B.2 Key Compilation Resources............................................................................................. 58 

B.2.1 NAEI Point Source Database ................................................................................. 59 

B.2.2 NAEI Emission Mapping Grids ............................................................................... 59 

B.2.3 Methodological choice by NFR sector .................................................................... 60 

B.2.4 Other Regional Data ............................................................................................... 67 

Appendix C Experimental inventories for PCDD/Fs, benzo[a]pyrene and mercury . 68 

C.1 Background ...................................................................................................................... 68 

C.2 Key Sources and Emission Trends .................................................................................. 69 

C.2.1 Dioxins and Furans ................................................................................................. 69 

C.2.2 Benzo[a]pyrene ....................................................................................................... 69 

C.2.3 Mercury ................................................................................................................... 69 

C.3 Development of experimental inventories ........................................................................ 69 

C.3.1 Key Category Emission Sources for POPs............................................................. 70 

C.3.2 Inventory Uncertainty .............................................................................................. 71 

C.4 Benzo[a]pyrene, dioxin, and mercury inventories for England, Scotland, Wales, and Northern 
Ireland. ......................................................................................................................................... 72 

C.4.1 England ................................................................................................................... 72 

C.4.2 Scotland .................................................................................................................. 76 

C.4.3 Wales ...................................................................................................................... 80 

C.4.4 Northern Ireland ...................................................................................................... 84 

Appendix D Recalculations .......................................................................................... 87 



Air Pollutant Inventories for England, Scotland, Wales, and Northern Ireland: 2005-2021

 

iv 

Appendix E Uncertainties .......................................................................................... 110 

E.1 Ammonia ........................................................................................................................ 111 

E.2 Carbon Monoxide ........................................................................................................... 112 

E.3 Nitrogen Oxides ............................................................................................................. 113 

E.4 Non-Methane Volatile Organic Compounds .................................................................. 114 

E.5 Particulate Matter ........................................................................................................... 116 

E.6 Sulphur Dioxide .............................................................................................................. 120 

E.7 Lead ............................................................................................................................... 121 

Appendix F Summary Tables .................................................................................... 123 

F.1 Summary Air Pollutant Emission Estimates for England ............................................... 123 

F.2 Summary Air Pollutant Emission Estimates for Scotland .............................................. 127 

F.3 Summary Air Pollutant Emission Estimates for Wales .................................................. 131 

F.4 Summary Air Pollutant Emission Estimates for Northern Ireland .................................. 135 

F.5 Summary  Air Pollutant Emission Estimates for England and the Devolved Administrations 139 

Appendix G Definition of NFR Codes and Sector categories .................................. 153 

 

List of figures 
Figure 1 ς England normalised trends for all pollutants ............................................................................................................................ 7 

Figure 2 ς Ammonia Emissions in England ................................................................................................................................................. 8 

Figure 3 ς Carbon Monoxide Emissions in England ................................................................................................................................... 9 

Figure 4 ς Nitrogen Oxides Emissions in England .................................................................................................................................... 10 

Figure 5 ς NMVOC Emissions in England ................................................................................................................................................. 11 

Figure 6 ς PM10 Emissions in England ...................................................................................................................................................... 11 

Figure 7 ς PM2.5 Emissions in England ..................................................................................................................................................... 12 

Figure 8 ς Sulphur Dioxide Emissions in England ..................................................................................................................................... 13 

Figure 9 ς Lead Emissions in England....................................................................................................................................................... 14 

Figure 10 ς Ammonia Emissions in England, 2021 ................................................................................................................................... 16 

Figure 11 ς Carbon Monoxide Emissions in England, 2021 ..................................................................................................................... 16 

Figure 12 ς  Nitrogen Oxides Emissions in England, 2021........................................................................................................................ 16 

Figure 13  ς NMVOC Emissions in England, 2021 .................................................................................................................................... 16 

Figure 14 ς PM10 Emissions in England, 2021 .......................................................................................................................................... 17 

Figure 15 ς PM2.5 Emissions in England, 2021 ......................................................................................................................................... 17 

Figure 16  ς Lead Emissions in England, 2021 .......................................................................................................................................... 17 

Figure 17  ς Sulphur Dioxide Emissions in England, 2021 ........................................................................................................................ 17 

Figure 18 - Scotland normalised trends for all pollutants ........................................................................................................................ 18 

Figure 19 ς Ammonia Emissions in Scotland............................................................................................................................................ 19 

Figure 20 ς Carbon Monoxide Emissions in Scotland .............................................................................................................................. 20 

Figure 21 ς Nitrogen Oxides Emissions in Scotland ................................................................................................................................. 21 

Figure 22 ς NMVOC Emissions in Scotland .............................................................................................................................................. 22 

Figure 23 ς PM10 Emissions in Scotland ................................................................................................................................................... 23 

Figure 24 ς PM2.5 Emissions in Scotland .................................................................................................................................................. 24 



Air Pollutant Inventories for England, Scotland, Wales, and Northern Ireland: 2005-2021

 

v 

Figure 25 ς Sulphur Dioxide Emissions in Scotland .................................................................................................................................. 25 

Figure 26 ς Lead Emissions in Scotland.................................................................................................................................................... 26 

Figure 27 ς Ammonia Emissions in Scotland, 2021 .................................................................................................................................. 28 

Figure 28 ς Carbon Monoxide Emissions in Scotland, 2021 .................................................................................................................... 28 

Figure 29 ς Nitrogen Oxides Emissions in Scotland, 2021 ....................................................................................................................... 28 

Figure 30 ς NMVOC Emissions in Scotland, 2021 .................................................................................................................................... 28 

Figure 31 ς PM10 Emissions in Scotland, 2021 ......................................................................................................................................... 29 

Figure 32 ς PM2.5 Emissions in Scotland, 2021 ........................................................................................................................................ 29 

Figure 33 ς Lead Emissions in Scotland, 2021 .......................................................................................................................................... 29 

Figure 34 ς Sulphur Dioxide Emissions in Scotland, 2021 ........................................................................................................................ 29 

Figure 35 ς Wales normalised trends for all pollutants ........................................................................................................................... 30 

Figure 36 ς Ammonia Emissions in Wales................................................................................................................................................ 31 

Figure 37 ς Carbon Monoxide Emissions in Wales .................................................................................................................................. 32 

Figure 38 ς Nitrogen Oxides Emissions in Wales ..................................................................................................................................... 33 

Figure 39 ς NMVOC Emissions in Wales .................................................................................................................................................. 33 

Figure 40 ς PM10 Emissions in Wales ....................................................................................................................................................... 35 

Figure 41 ς PM2.5 Emissions in Wales ...................................................................................................................................................... 36 

Figure 42 ς Sulphur Dioxide Emissions in Wales ...................................................................................................................................... 37 

Figure 43 ς Lead Emissions in Wales........................................................................................................................................................ 37 

Figure 44 ς Ammonia Emissions in Wales, 2021 ...................................................................................................................................... 39 

Figure 45 ς Carbon Monoxide Emissions in Wales, 2021 ........................................................................................................................ 39 

Figure 46 ς Nitrogen Oxides Emissions in Wales, 2021 ........................................................................................................................... 39 

Figure 47 ς NMVOC Emissions in Wales, 2021 ........................................................................................................................................ 39 

Figure 48ς PM10 Emissions in Wales, 2021 .............................................................................................................................................. 40 

Figure 49 ς PM2.5 Emissions in Wales, 2021 ............................................................................................................................................ 40 

Figure 50 ς Lead Emissions in Wales, 2021 .............................................................................................................................................. 40 

Figure 51 ς Sulphur Dioxide Emissions in Wales, 2021 ............................................................................................................................ 40 

Figure 52 ς Northern Ireland normalised trends for all pollutants .......................................................................................................... 41 

Figure 53 ς Ammonia Emissions in Northern Ireland .............................................................................................................................. 42 

Figure 54 ς Carbon Monoxide Emissions in Northern Ireland ................................................................................................................. 42 

Figure 55 - Nitrogen Oxides Emissions in Northern Ireland ..................................................................................................................... 43 

Figure 56 ς NMVOC Emissions in Northern Ireland ................................................................................................................................. 44 

Figure 57 ς PM10 Emissions in Northern Ireland ...................................................................................................................................... 45 

Figure 58 - PM2.5 Emissions in Northern Ireland20 ................................................................................................................................... 46 

Figure 59 ς Sulphur Dioxide Emissions in Northern Ireland ..................................................................................................................... 47 

Figure 60 ς Lead Emissions in Northern Ireland ...................................................................................................................................... 48 

Figure 61 ς Ammonia Emissions in Northern Ireland, 2021 .................................................................................................................... 50 

Figure 62 ς Carbon Monoxide Emissions in Northern Ireland, 2021 ....................................................................................................... 50 

Figure 63 ς Nitrogen Oxides Emissions in Northern Ireland, 2021 .......................................................................................................... 50 



Air Pollutant Inventories for England, Scotland, Wales, and Northern Ireland: 2005-2021

 

vi 

Figure 64 ς NMVOC Emissions in Northern Ireland, 2021 ....................................................................................................................... 50 

Figure 65 ς PM10 Emissions in Northern Ireland, 2021 ............................................................................................................................ 51 

Figure 66 ς PM2.5 Emissions in Northern Ireland, 2021 ............................................................................................................................ 51 

Figure 67 ς Lead Emissions in Northern Ireland, 2021 ............................................................................................................................ 51 

Figure 68 ς Sulphur Dioxide Emissions in Northern Ireland, 2021 ........................................................................................................... 51 

Figure 69 Dioxins emissions in England ................................................................................................................................................... 72 

Figure 70 B[a]p emissions in England ...................................................................................................................................................... 73 

Figure 71 Hg Emissions in England ........................................................................................................................................................... 74 

Figure 72 Dioxin Emissions in England, 2021 ........................................................................................................................................... 75 

Figure 73 B[a]p Emissions in England, 2021 ............................................................................................................................................. 75 

Figure 74 ς Hg emissions in England, 2021 .............................................................................................................................................. 75 

Figure 75 Dioxins Emissions in Scotland .................................................................................................................................................. 76 

Figure 76 B[a]p emissions in Scotland ..................................................................................................................................................... 77 

Figure 77 Hg emissions in Scotland .......................................................................................................................................................... 77 

Figure 78 Dioxin Emissions in Scotland, 2021 .......................................................................................................................................... 79 

Figure 79 B[a]p Emissions in Scotland, 2021 ............................................................................................................................................ 79 

Figure 80 Hg Emissions in Scotland, 2021 ................................................................................................................................................ 79 

Figure 81 Dioxins Emissions in Wales ...................................................................................................................................................... 80 

Figure 82 B[a]p Emissions in Wales ......................................................................................................................................................... 81 

Figure 83 Hg Emissions in Wales .............................................................................................................................................................. 81 

Figure 84 Dioxin Emissions in Wales, 2021 .............................................................................................................................................. 83 

Figure 85 B[a]p Emissions in Wales, 2021 ................................................................................................................................................ 83 

Figure 86 Hg Emissions in Wales, 2021 .................................................................................................................................................... 83 

Figure 87 Dioxins Emissions in Northern Ireland ..................................................................................................................................... 84 

Figure 88 B[a]p Emissions in Northern Ireland ........................................................................................................................................ 84 

Figure 89 Hg Emissions in Northern Ireland ............................................................................................................................................ 85 

Figure 90 Dioxin Emissions in Northern Ireland, 2021 ............................................................................................................................. 86 

Figure 91 B[a]p Emissions in Northern Ireland, 2021 .............................................................................................................................. 86 

Figure 92 Hg Emissions in Northern Ireland, 2021 ................................................................................................................................... 86 

List of tables 

Table 1 ς Total Tier 1 uncertainty values by pollutant split by region ....................................................................................................... 4 

Table 2 ς Source Emission Contributions Ranked by Sector, England 2021 ............................................................................................ 14 

Table 3 ς Source Emission Contributions Ranked by Sector, Scotland 2021 ........................................................................................... 26 

Table 4 ς Source Emission Contributions Ranked by Sector, Wales 2021 ............................................................................................... 38 

Table 5 ς Source Emission Contributions Ranked by Sector, Northern Ireland 2021 .............................................................................. 49 

Table 6 - Disaggregation Methodologies for the Devolved Administrations Air Pollutant Inventories ................................................... 60 

Table 7 ς Tier 1 uncertainty aggregation for B[a]p for each DA. ............................................................................................................. 72 

Table 8 - Recalculations to 2005 and 2020 estimates for ammonia (NH3) between previous and current inventory submissions ........ 87 



Air Pollutant Inventories for England, Scotland, Wales, and Northern Ireland: 2005-2021

 

vii 

Table 9 - Recalculations to 2005 and 2020 estimates for carbon monoxide (CO) between previous and current inventory submissions

 ................................................................................................................................................................................................................. 89 

Table 10 - Recalculations to 2005 and 2020 estimates for nitrogen oxides (NOX) between previous and current inventory submissions

 ................................................................................................................................................................................................................. 91 

Table 11 - Recalculations to 2005 and 2020 estimates for NMVOCs between previous and current inventory submissions ................. 93 

Table 12 - Recalculations to 2005 and 2020 estimates for PM10 between previous and current inventory submissions ....................... 96 

Table 13 - Recalculations to 2005 and 2020 estimates for sulphur dioxide (SO2) between previous and current inventory submissions

 ................................................................................................................................................................................................................. 98 

Table 14 - Recalculations to 2005 and 2020 estimates for lead (Pb) between previous and current inventory submissions ............... 100 

Table 15 - Recalculations to 2005 and 2020 estimates for PM2.5 between previous and current inventory submissions .................... 102 

Table 16 - Recalculations to 2005 and 2020 estimates for B[a]p between previous and current inventory submissions ς note these are 

experimental statistics only. .................................................................................................................................................................. 104 

Table 17 - Recalculations to 2005 and 2020 estimates for dioxins between previous and current inventory submissions ς note these 

are experimental statistics only. ............................................................................................................................................................ 106 

Table 18 - Recalculations to 2005 and 2020 estimates for Hg between previous and current inventory submissions ς note these are 

experimental statistics only. .................................................................................................................................................................. 108 

Table 19 ς Tier 1 uncertainties for ammonia emissions by NFR sector for the DA inventories ............................................................. 111 

Table 20 - Tier 1 uncertainties for nitrogen oxide (NOX) emissions by NFR sector for the DA inventories ............................................ 113 

Table 21 - Tier 1 uncertainties for non-methane volatile organic compounds (NMVOCs) emissions by NFR sector for the DA 

inventories ............................................................................................................................................................................................. 115 

Table 22 - Tier 1 uncertainties for PM2.5 emissions by NFR sector for the DA inventories .................................................................... 117 

Table 23 - Tier 1 uncertainties for PM10 emissions by NFR sector for the DA inventories ..................................................................... 118 

Table 24 - Tier 1 uncertainties for sulphur dioxide (SO2) emissions by NFR sector for the DA inventories ........................................... 120 

Table 25 - Tier 1 uncertainties for lead (Pb) emissions by NFR sector for the DA inventories ............................................................... 122 

Table 26 - Summary of air pollutant emission estimates for England (2005-2021)* ............................................................................. 123 

Table 27 - Summary of air pollutant emission estimates for Scotland (2005-2021)* ............................................................................ 127 

Table 28 - Summary of air pollutant emission estimates for Wales (2005-2021) * ............................................................................... 131 

Table 29 - Summary of air pollutant emission estimates for Northern Ireland (2005-2021) * .............................................................. 135 

Table 30 Summary of air pollutant emission estimates for England and the Devolved Administrations (2005-2021).......................... 139 

Table 30 - Definition of NFR Codes and Sector Categories .................................................................................................................... 153 

Table 31 - {ǳƳƳŀǊȅ ƻŦ ǘƘŜ ǎŜŎǘƻǊ ŎŀǘŜƎƻǊƛŜǎ ƛƴŎƭǳŘŜŘ ƛƴ ά!ƭƭ ƻǘƘŜǊ ǎƻǳǊŎŜǎέ ŦƻǊ ŜŀŎƘ Ǉƻƭƭǳǘŀƴǘ ......................................................... 157 

 

Glossary 

AIS 

AQEG 

Automatic Identification System 

Air Quality Expert Group 

NH3 Ammonia 

B[a]p Benzo[a]pyrene 

BAT 

BATC 

Best Available Techniques 

Best Available Techniques Conclusion 

BEIS Department for Business, Energy & Industrial Strategy 

BOFA Boosted Over Fire Air  

BSFP 

CAA 

British Survey of Fertiliser Practice 

Civil Aviation Authority 



Air Pollutant Inventories for England, Scotland, Wales, and Northern Ireland: 2005-2021

 

viii 

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 

DAERA 

Devolved Administration 

Department of Agriculture, Environment and Rural Affairs of Northern Ireland 

DERV Diesel engine road vehicle 

DESNZ Department for Energy Security and Net Zero 

DfT 

DFPNI 

DRD 

Department for Transport 

Department of Finance and Personnel, Northern Ireland 

Northern Ireland Department for Regional Development 

DUKES Digest of UK Energy Statistics 

DVLA Driver and Vehicle Licensing Agency 

EEMS Environmental and Emissions Monitoring System 

EMEP European Monitoring and Evaluation Programme 

EPR 

E-PRTR 

Environmental Permitting Regulations 

European Pollutant Release and Transfer Register 

EU ETS EU Emissions Trading System 

EC European Commission 

EEA European Environment Agency 

EU 

FGD 

GCV 

European Union 

flue-gas desulphurization 

Gross calorific value 

GHG Greenhouse Gas 

GDP Gross Domestic Product 

HCB Hexachlorobenzene 

HCH Hexachlorocyclohexane 

Hg Mercury 

HFO 

I-TEQ 

IDBR 

IED 

Heavy Fuel Oil 

International Toxic Equivalents 

Inter-Departmental Business Register 

Industrial Emissions Directive 

IIR 

IMO 

Informative Inventory Report 

International Maritime Organisation 

IPPC 

ISSB 

Integrated Pollution Prevention and Control 

Iron and Steel Statistics Bureau 

LCPD Large Combustion Plant Directive 

LDV 

LDZ 

LOSP 

Light duty vehicles 

Local Distribution Zone 

Light Organic Solvent Preserved Timber 

LPG Liquefied Petroleum Gas 

LA Local Authority 

MDO 

MMO 

MSW 

MPA 

NAPCP 

Marine Diesel Oil 

Marine Management Organisation 

Municipal solid waste 

Mineral Products Association 

National Air Pollution Control Programme 

NAQS National Air Quality Strategy 

NAEI National Atmospheric Emissions Inventory 



Air Pollutant Inventories for England, Scotland, Wales, and Northern Ireland: 2005-2021

 

ix 

NCV Net Calorific Value 

NECD National Emissions Ceiling Directive 

NECR 

NHS 

NIEA 

National Emissions Ceilings Regulations 

National Health Service 

Northern Ireland Environment Agency 

NOX Nitrogen oxides 

NFR Nomenclature for Reporting 

NMVOC 

NRMM 

NRW 

ONS 

Non-methane volatile organic compounds 

Non-road Mobile Machinery 

Natural Resources Wales 

Office for National Statistics 

OPRED Offshore Petroleum Regulator for Environment and Decommissioning  

PAHs Polycyclic Aromatic Hydrocarbons 

Pb Lead 

PCDD/Fs 
Dioxins and furans  

[polychlorobenzodioxins (PCDDs) and polychlorodibenzofurans (PCDFs)] 

PCP Pentachlorophenol 

PI Pollution Inventory 

PM2.5 Particulate matter less than 2.5 micrometres 

PM10 Particulate matter less than 10 micrometres 

POPs 

PRODCOM 

PSEC 

REM 

RIDB 

Persistent Organic Pollutants 

UK Manufacturers' Sales by Product 

Public Sector Energy Campaign 

Rail Emissions Model 

Regulatorsô Inventory Database 

SED 

SEPA 

Solvent Emissions Directive 

Scottish Environment Protection Agency 

SI Statutory instrument 

SO2 

SSF 

Sulphur dioxide 

Smokeless Solid Fuels 

UK 

UKCEH 

United Kingdom 

United Kingdom Centre for Ecology and Hydrology 

UKPIA United Kingdom Petroleum Industry Association 

UNECE United Nations Economic Commission for Europe 

WID Waste Incineration Directive 

WHO World Health Organization  

  

 

 



Air Pollutant Inventories for England, Scotland, Wales, and Northern Ireland: 2005-2021

 

1 

1 Introduction 

This report presents air pollutant emissions inventories for England, Scotland, Wales, and Northern Ireland 

(collectively England and the Devolved Administrations), for the period 2005 to 2021 for the following priority 

pollutants: 

¶ Ammonia (NH3) 

¶ Carbon monoxide (CO) 

¶ Nitrogen oxides (NOX as NO2) 

¶ Non-methane volatile organic compounds (NMVOCs) 

¶ Particulate matter less than 10 micrometres (PM10) 

¶ Particulate matter less than 2.5 micrometres (PM2.5) 

¶ Sulphur dioxide (SO2) 

¶ Lead (Pb) 

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 Aether, Ricardo Energy & Environment, 

Rothamsted Research, and the UK Centre for Ecology & Hydrology (UKCEH).  

In addition to the above suite of air pollutants, for which source data and inventory methods are well-established, 

experimental inventory statistics are presented in Appendix C for emissions of (i) dioxins and furans (PCDD/Fs), 

(ii) benzo[a]pyrene (B[a]p), and (iii) mercury (Hg). These are priority toxic pollutants, for which emission 

estimates are within the scope of UK inventory submissions under the Convention on Long-Range 

Transboundary Air Pollution (CLRTAP). The inventories for B[a]p and PCDD/Fs were presented for the first time 

in the 1990-2017 inventory. The data quality at the 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. The inventory for Hg was 

presented for the first time in the 1990-2019 inventory. Similarly, the data quality at the sub-national level means 

that these emissions estimates should be regarded as experimental statistics only. Further work is needed to 

improve the quality of England and the Devolved Administrationsô estimates across the time series; see 

Appendix C for further details. 

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 UKôs meeting both national and international targets on both local and 

transboundary air pollution. In February 2023, Defra published its revised  National Air Pollution Control 

Programme (NAPCP)1, which outlined the UK wide policies and measures to be considered further in order to 

reduce emissions in accordance with the national emission reduction commitments set under the National 

Emissions Ceilings Regulations (NECR). 

Provision of DA-level datasets and subsequent identification of key sources at more regional and local levels is 

crucial for the 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 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 is 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 https://www.gov.uk/government/publications/air-quality-revised-uk-national-air-pollution-control-programme 

http://naei.defra.gov.uk/overview/ap-overview
https://www.gov.uk/government/publications/air-quality-revised-uk-national-air-pollution-control-programme
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¶ Ammonia (NH3) emissions play a key role in several different environmental issues, including 

acidification, eutrophication, and changes in biodiversity. The atmospheric chemistry of NH3 and 

ammonium (NH4
+) is such that the transport of the pollutants can vary greatly. As a result, NH3 

emissions can both exert impacts on a highly localised level and contribute to the effects of long-range 

pollutant transport. Agriculture is the most important source of NH3 within the UK, contributing to the 

majority of emissions across the time series. Emission estimates for non-agricultural sources are often 

uncertain since ammonia tends to originate from diffuse sources, leading to a lack of activity and 

emission factor data. 

¶ 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 the blood, decreasing the uptake of oxygen by the lungs, with 

symptoms varying from nausea to asphyxiation depending upon the level of exposure.  

¶ Nitrogen oxides (NOX) emissions arise primarily from combustion sources. Estimating these emissions 

is complex since the nitrogen can be derived either from the nitrogen contained within fuels or through 

the oxidation of atmospheric nitrogen at the high temperatures associated with combustion engines. 

The emissions rate depends on combustion conditions, particularly temperature and the relative 

proportions of air-fuel in a combustion chamber, which can vary considerably. Thus, combustion 

conditions, engine load, and state of engine maintenance are important. Studies into the effects of 

exposure on human health suggest NOX exacerbates 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). 

¶ Non-Methane Volatile Organic Compounds (NMVOCs) are emitted to air from various sources 

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 solvent or chemical use. The Solvent and Other Product Use sector 

comprises industrial and domestic solvent applications (such as cleaning, degreasing) and the 

manufacturing and processing of chemical products. NMVOCs are involved in the photochemical 

production of ozone and the formation of secondary aerosols in the atmosphere over a large spatial 

scale. However, the exact reactivity is dependent on the particular compound in question. Some 

NMVOCs also directly impact human health: benzenes and 1,3-butadiene are both carcinogens, for 

example. 

¶ Particulate matter is a general term describing the size distribution of the solid and liquid particles 

emitted to air. Particulate matter is categorised into different size fractions: PM10 refers to particles with 

an aerodynamic diameter of fewer than 10 micrometres, whilst PM2.5 refers to particles with an 

aerodynamic diameter of fewer than 2.5 micrometres. In general, particulate matter in the atmosphere 

arises from primary and secondary sources. Primary sources are direct emissions of particulate matter 

into the atmosphere. They 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 SO2, NOX and NH3 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 fine particulate matter (PM2.5) in the United Kingdom (AQEG, 2012). 

¶ Sulphur dioxide (SO2) emissions commonly arise from combustion. They can be calculated from the 

sulphur content of the fuel and information on the amount of sulphur retained in the ash. Inventory 

estimates are produced using UK energy statistics, information on the sulphur content of liquid fuels, 

and data on the sulphur content of coal from coal suppliers. SO2 has long been recognised as a pollutant 

because of its role, along with particulate matter, in winter-time smog formation and the creation of acid 

rain. Studies indicate that SO2 causes nerve stimulation in the lining of the nose and throat. This can 

cause irritation, coughing and a feeling of chest tightness, which may cause the airways to narrow. 

People who have asthma are considered to be particularly sensitive to SO2 concentrations. 

¶ Lead (Pb) is a very toxic element and can cause various symptoms at low concentrations. Lead dust 

or fumes can irritate the eyes on contact and irritate the nose and throat on inhalation. Acute exposure 
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can lead to loss of appetite, weight loss, stomach upsets, nausea and muscle cramps. High levels of 

acute exposure may also cause brain and kidney damage. Chronic exposure can affect the blood, 

kidneys, central nervous system and vitamin D metabolism. 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 due to the increased use 

of cars fitted with three-way catalytic converters that 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 lead emissions across the UK between 1990 and 2000. UK-

wide Pb emissions now primarily originate from combustion sources (mainly of solid fuels, biomass, 

and lubricants in industrial and residential sectors, and metal production processes at foundries and 

iron and steelworks).  

1.3 Data Sources and Inventory Methodology 

The England and Devolved Administrationsô inventories are compiled by disaggregating the UK emission totals 

presented within the óUK Informative Inventory Report (1990 to 2021)ô (Ingledew, et al., 2023), derived from the 

National Atmospheric Emissions Inventory (NAEI). The emission estimates for each pollutant are presented in 

this report 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 sources) or by combining activity data with a mixture of country-specific and default emission 

factors (EMEP/EEA Guidebook, 2019). These are known as óbottom-upô and ótop-downô approaches, 

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 Inventory2 data for industrial emissions) and sub-

national and local datasets such as: 

¶ BEIS sub-national statistics on energy use; 

¶ Other regional energy use data for specific industries or regional data on raw material consumption or 

sector-specific production; 

¶ Data on vehicle kilometres travelled; 

¶ 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); 

¶ Land use survey data. 

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. In 2021, this óunallocatedô proportion of the UK 

inventory total was 5% of the UK total for NMVOCs, 6% for NOX, 2% for CO and PM2.5, and 1% for SO2, PM10 

and dioxins. The óunallocatedô proportion of the UK inventory was zero or negligible for the remaining pollutants. 

For this reason, the sum of the DA total emissions for these pollutants do 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 

quantified using a Tier 1 uncertainty aggregation (or error propagation) method, or a Tier 2 method using a 

statistical Monte-Carlo technique. The Tier 1 methodology investigates the impact of the assumed uncertainty 

 

2 The term ñPollution Inventoryò is used here to represent the industrial emissions databases of the UK environmental 
regulators: The Environment Agency, the Scottish Environment Protection Agency, Natural Resources Wales and the 
Northern Ireland Environment Agency, which comprise annual emission estimates from all EPR/IED-regulated processes 
under their authority. 
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of individual parameters (such as emission factors and activity statistics) upon the uncertainty in the total 

emission of each pollutant. The Tier 1 methodology and the Monte-Carlo analysis result for the UK air pollutant 

inventory are presented in Chapter 1.7 of the óUK Informative Inventory Report (1990 to 2021)ô (Ingledew, et al., 

2023).  

The air pollutant inventories for England and the Devolved Administrations 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. The 

uncertainties associated with the air pollutant inventories for England and each of the DAs are quantified using 

a Tier 1 uncertainty aggregation approach, described in Appendix E and summarised in Table 1.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, 

PCDD/Fs, and Hg is included in Appendix C.3.2. 

Using the top row as an example, PM10 emissions from England in 2005 are 151kt with an uncertainty of 36%, 

which is ±54kt.This means that emissions could be between 205 and 97kt. Similarly, emissions in 2021 are 

112kt with a 47% uncertainty, which is ± 53kt, so emissions could be between 165 and 59kt. Between 2005 and 

2021 there is a 26% reduction with an uncertainty of 7%. This means the reduction could be between 36 and 

42kt.  

Table 1 ï Total Tier 1 uncertainty values by pollutant split by region3  

Pollutant Emissions Estimated uncertainty 

2005 (kt) 2021(kt) Trend (%) 2005 (%) 2021 (%) Trend (%) 

England       

PM10 151 112 -26% 36% 47% 7% 

PM2.5 87 62 -28% 30% 57% 11% 

SO2 588 89 -85% 7% 18% 1% 

NOX 1301 474 -64% 6% 8% 2% 

NMVOCs 899 515 -43% 13% 22% 5% 

NH3 192 177 -8% 22% 19% 11% 

Pb (t) 153 80 -48% 51% 66% 5% 

Scotland       

PM10 20 12 -41% 32% 48% 17% 

PM2.5 13 7 -47% 28% 55% 23% 

SO2 100 9 -91% 11% 15% 1% 

NOX 205 83 -59% 12% 16% 7% 

NMVOCs 177 144 -19% 19% 17% 10% 

NH3 36 32 -12% 29% 26% 24% 

Pb (t) 13 7 -47% 69% 81% 20% 

Wales       

 

3 Note that CO emission uncertainties are not quantified in the UK air pollutant inventory, and as such, no Tier 1 approach is presented in the DA air pollutant 
inventories. 
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Pollutant Emissions Estimated uncertainty 

2005 (kt) 2021(kt) Trend (%) 2005 (%) 2021 (%) Trend (%) 

PM10 13 10 -22% 31% 43% 24% 

PM2.5 9 7 -23% 33% 54% 33% 

SO2 64 14 -78% 11% 19% 3% 

NOX 106 42 -60% 12% 13% 5% 

NMVOCs 64 44 -31% 23% 38% 19% 

NH3 22 23 5% 37% 36% 42% 

Pb (t) 25 24 -5% 70% 98% 9% 

Northern 

Ireland 

      

PM10 8 8 1% 53% 77% 41% 

PM2.5 6 6 6% 38% 107% 57% 

SO2 29 12 -60% 16% 38% 7% 

NOX 65 34 -48% 15% 17% 9% 

NMVOCs 41 37 -11% 41% 56% 28% 

NH3 30 33 10% 33% 31% 35% 

Pb (t) 6 4 -34% 71% 73% 33% 
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2 Devolved Administrationsô Air Pollutant Estimates 

The following sections outline the emissions inventories for England and each Devolved Administration, 

providing information on the trends and emission estimates for each of the eight air pollutants. 

These sections include the following: 

¶ Figures presenting the inventory data, showing the annual trend from 2005 to 2021 for each 

pollutant. These graphs are also disaggregated by sector, and further information on the categorisation 

used in these summaries relative to NFR code can be found in Appendix G. 

¶ Summary information on trends is provided for each pollutant, highlighting the key reasons for the 

observed trend since 2005 and other notable aspects. This information is not guided by detailed 

statistical analyses but through the 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 2005 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. 

¶ Sectoral 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 PM10 

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 summarises emissions in England for the eight priority air pollutants: NH3, CO, NOX, NMVOCs, 

PM10, PM2.5, SO2, and Pb. Information is also presented for emissions of PCDD/Fs, B[a]p, and Hg, with more detailed 

information for these three pollutants presented in Appendix C.2. Emissions of PCDD/Fs, B[a]p, and Hg should be 

considered as experimental statistics only4. Appendix F presents the inventory data summary tables for England and 

the DAs, whilst Appendix G presents source category mapping used in the report. 

Figure 1 shows emissions of all eleven air pollutants normalised against the 2005 baseline to illustrate the relative 

trends since then. This graph shows that all pollutant levels are lower in 2021 than they were in 2005. The greatest rate 

of decline is observed in the trend for SO2 emissions principally due to the reduction in coal use within the economy, 

with more modest declines observable for CO, NOX, Hg, Pb, VOCs, and dioxins. 

By contrast, NH3 emissions have declined at a slower rate than other pollutants and have even risen between 2010 and 

2017 before slowly decreasing again in recent years. In 2021, however, NH3 emissions have increased slightly once 

more. The trend is driven by activity from several sources; urea-based fertiliser application; housed cattle numbers and 

subsequent manure spreading on soils; and digestate and other organic fertilisers which are applied to soils. Emissions 

from B[a]p have increased in recent years, a trend principally dictated by increases in wood combustion in residential 

settings.  

The emissions of several pollutants have increased in 2021 compared to 2020. In 2020, restrictions due to the COVID-

19 pandemic contributed to emission reductions but in 2021 several of these restrictions were lifted. This is the likely 

reason for the increased emissions in 2021, particularly for pollutants for which the transport sector is a significant 

source. 

Figure 1 ï England normalised trends for all pollutants 

 

 

4 The statistics are considered experimental as they have been recently developed: the benzo[a]pyrene and dioxin inventories were first developed for the 1990-2017 
inventory published in 2019, whilst the mercury inventory were first developed for the 2005-2019 inventory published in 2021. While the inventories and trends have 
been interrogated and to ensure the suitability of methods for the most important sources, it is recognised that data quality on a subnational level is generally poor. As a 
result, these statistics are currently considered experimental only, and require further work to evaluate the methods used, to identify alternative methods that are more 
suitable, and to reduce the uncertainty in the early part of the time series. More information on the inventory methods used for b[a]p, dioxins, and mercury is available in 
Appendix C. 
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Figure 2 ï Ammonia Emissions in England 

 
Note: The disaggregated emissions chart may not add up to 100% due to rounding. 

Emissions of ammonia in England were estimated to be 177kt in 2021 and have declined by 7.6% since 2005. 
Emissions in England account for 67% of the UK total for ammonia in 2021. Agricultural sources make up by far 
the largest contribution to ammonia emissions in the inventory throughout the time series. In 2021, emissions from 
cattle manure management (NFR 3B1a, 3B1b) and animal manure applied to soils (NFR 3Da2a) each account for 
22% and 20% of total emissions in England, respectively, whilst inorganic fertilisers (NFR 3Da1) account for a 
further 16%. The initial trends in NH3 emissions were primarily driven by decreases in livestock numbers (except 
for poultry) and declines in the use of nitrogen-based fertilisers until 2010. After this point, the declines associated 
with these sources levelled out and even began to increase slightly. The increase in emissions since 2013 is 
primarily a result of increased application of urea-based and organic fertilisers such as digestate to agricultural 
soils. Similarly, the increase in emissions in 2021 is primarily due to an increase in the use of inorganic fertiliser 
use, which includes the application of urea-based fertilisers. For this category, the emissions reported in 2020 
were lower due to poor autumn weather resulting in reduced winter planting and therefore reduced fertiliser use.  
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Figure 3 ï Carbon Monoxide Emissions in England5 

 

  

Note: The disaggregated emissions chart may not add up to 100% due to rounding. 

Emissions of carbon monoxide in England were estimated to be 927kt in 2021 and have declined by 64% 
since 2005. Emissions in England account for 73% of the UK total for carbon monoxide in 2021. The decline 
in emissions is driven by trends from transport sources, particularly from the road sector, where there has 
been an 91% decrease in emissions since 2005 (contributing 78% of the overall CO trend for England). This 
decline is primarily due to the penetration of vehicles compliant with more recent Euro standards into the fleet, 
which required the fitting of emission controls (e.g. three-way catalytic converters) in new petrol vehicles. 
Improved catalyst repair rates resulting from regulations controlling the sale and installation of replacement 
catalytic converters and particle filters for light-duty vehicles in 2008 also contribute to the trend. More 
recently, the switch from petrol cars to diesel cars, which have lower associated CO emissions rates, has 
also contributed to the observed trend. CO emissions from road transport increased by 3% between 2020 
and 2021, likely driven by the lifting of travel restrictions imposed due to the COVID-19 pandemic in 2020. In 
other sectors, emissions from the residential, commercial and public combustion sectors have increased more 
recently, corresponding with an increase in the use of wood as fuel, predominantly in the residential sector 
(BEIS, 2022a). 

 

 

 

 

 

 

 

 

 

 

5 Other industries presented in the bubble graph relate to combustion emissions in the chemical, non-ferrous metals, pulp paper and print and other industries and 
combustion emissions from mobile sources in manufacturing and construction. 

1.1% 
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Figure 4 ï Nitrogen Oxides Emissions in England 

 

 

Note: The disaggregated emissions chart may not add up to 100% due to rounding. 

Emissions of nitrogen oxides in England were estimated to be 474kt in 2021, representing 70% of the UK 
total for nitrogen oxides. Emissions have declined by 64% since 2005, 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 past decade. Improved 
catalyst repair rates resulting from regulations controlling the sale and installation of replacement catalytic 
converters and particle filters for light-duty vehicles in 2008 also contribute to the trend. However, more 
recently, the increasing number of diesel cars has offset these emissions reductions because diesel cars 
emit higher NOX relative to their petrol counterparts. Emissions reduction across the time series from energy 
industries is due to shifts in the electricity generation fuel mix and uptake of efficient abatement technologies. 
For example, Boosted Over Fire Air (BOFA) systems have been utilised in coal-fired power stations 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, 2022b) has contributed to a 59% decline in 
overall NOX emissions since 2015. 
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Figure 5 ï NMVOC Emissions in England  

 

Figure 6 ï PM10 Emissions in England6 

 

Note: The disaggregated emissions chart may not add up to 100% due to rounding. 

 

6 Other industries presented in the bubble graph relate to emissions from glass production, quarrying and mining of minerals other than coal, construction and 
demolition, storage handling and transport of chemical products, nitric acid production, titanium dioxide production, soda ash production, aluminium production, lead 
production, zinc production, copper production, other mineral products, other chemical industry, other metal production, pulp and paper industry, wood processing, other 
product use, other industrial processes. 

Emissions of non-methane volatile organic compounds in England were estimated to be 515kt in 2021, representing 
66% of the UK total for non-methane volatile organic compounds in 2021. Emissions have declined by 43% since 
2005. The decline in emissions is driven by reductions in emissions from transport and fugitive sources. Emissions 
from road transport sources, including evaporative losses of fuel vapour from petrol vehicles, have declined over 
time due to emission control technologies introduced in new petrol vehicles since the early 1990s and continue to 
affect the observed trend since 2005. The reduction in emissions also occurs to a lesser extent due to the 
introduction of petrol vapour recovery systems at filling stations. As a result of the reduction in transport emissions, 
solvent processes are now the most important source of NMVOC emissions, predominantly from solvent use in 
domestic and industrial settings. 

0.1% 
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Emissions of PM10 in England were estimated to be 112kt in 2021 and have declined by 26% since 2005. 
They accounted for 78% of the PM10 UK total in 2021. Unlike most other pollutants, the emissions profile of 
PM10 is diverse: transport sources, residential combustion, industrial processes, and industrial combustion, 
each accounting for around 15% of total emissions in 2021. Some sources are more significant, with 
emissions from industrial processes alone accounting for around 36% of total emissions in England during 
2021. PM10 exhaust emissions from diesel vehicles have been decreasing due to the successive introduction 
of tighter emission standards over time, causing a decline in the contribution of transport sources since 
2005. However, since 2009, increased emissions from the combustion of biomass in other industries (i.e. 
NFR code 1A2gviii) and domestic wood combustion have offset reductions, causing the national trend to 
plateau. Emissions of PM10 have increased by 22% between 2020 and 2021, predominantly from transport 
and industrial processes for which emissions have increased by 9% and 11% respectively. The increase in 
emissions from transport in particular are likely an impact of COVID-19 related restrictions being lifted.  

Figure 7 ï PM2.5 Emissions in England7 

 

Note: The disaggregated emissions chart may not add up to 100% due to rounding. 

 

Emissions of PM2.5 in England were estimated to be 62kt in 2021 and have declined by 28% since 2005. 
Emissions in England account for 75% of the PM2.5 UK total in 2021. As with PM10, PM2.5 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 PM10. For PM2.5, the residential sector combustion category accounts for 28% of 2021 
emissions. The primary drivers behind the national-level decline in emissions since 2005 include the 
continued switch in the fuel mix used in electricity generation away from coal and towards natural gas, and 
reductions in emissions in the transport sector due to the introduction of progressively more stringent 
emissions standards through time. These reductions are partially offset by the increase in residential 
combustion noted above, however, with recent increases in wood combusted domestically principally behind 
this trend. 

 

 

7 Outdoor industries presented in the bubble graph relate to combustion emissions from machinery in the agriculture, forestry and fishing industries. 

2.2% 
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Figure 8 ï Sulphur Dioxide Emissions in England8 

 

 

Note: The disaggregated emissions chart may not add up to 100% due to rounding. 

Emissions of sulphur dioxide in England were estimated to be 89kt in 2021, representing 71% of the UK 
total for sulphur dioxide. Emissions have declined by 85% since 2005, which has been dominated by 
significant reduction in energy industries emissions, coincident with large changes in the power generation 
sector. These include the introduction of CCGT (Combined Cycle Gas Turbine) plants, which are more 
efficient than conventional coal and oil stations and have negligible SO2 emissions; installation of flue gas 
desulphurisation at select power stations; and the rapid expansion of the renewable share of electricity 
generation (BEIS, 2022b). The increase in emissions in 2012 was due to an increase in the use of coal in 
power generation relative to previous years (BEIS, 2022b). Transport sources emissions have also declined, 
coincident with the reduced sulphur content of road fuels, both petrol and diesel. There was a 3.3% decrease 
in SO2 emissions in 2021 compared to 2020. Sulphur dioxide emissions from residential combustion 
decreased by 7.1% between 2020 and 2021, predominantly from reductions in the burning of petroleum 
coke. Emissions from industrial combustion have declined by 74% since 2005, mainly due to a reduction in 
coal and fuel oil use in the chemicals sector and other industries. 

 

 

 

 

 

 

 

 

 

 

8 Outdoor industries presented in the bubble graph relate to combustion emissions from machinery in the agriculture, forestry and fishing industries. 

1.5% 
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Figure 9 ï Lead Emissions in England 

 

Note: The disaggregated emissions chart may not add up to 100% due to rounding. 

Emissions of lead in England were estimated to be 80 tonnes in 2021, representing 70% of the UK total for 
lead. Emissions have declined by 48% since 2005. The trend is driven principally by decline in emissions 
from industrial processes, including the reduction of activities at iron and steelworks and a decline in 
emissions from alkyl lead production (NFR 2B10a). Reductions in the energy sector also contribute to the 
overall trend and are linked to a reduction in coal use principally and tighter regulations at power stations and 
from burning municipal solid waste in waste-to-energy plants. 

Table 2 below provides a summary of the percentage contribution of each sector for each pollutant in 2021. The 
table is shaded according to the overall contribution of that sector to the pollutant total, (with darker shades 
representing greater contribution) . The table below indicates that the Residential, Commercial & Public Sector 
Combustion category is important for CO, SO2, PM2.5, B[a]p and Dioxins, accounting for at least 16% 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 NH3; the same is true for NMVOC emissions from Solvent Processes. 

Table 2 ï Source Emission Contributions Ranked by Sector, England 2021 

Sector NH3 CO NOX VOC PM10 PM2.5 SO2 Pb B[a]p Dioxins Hg 

Agriculture 83.4% NA NA 16.5% 10.5% 3.1% NA NA NA NA NA 

Energy Industries NE 4.6% 13.8% IE 1.3% 2.0% 25.4% 2.3% 5.0% 1.9% 27.5% 

Fugitive IE 0.2% IE 8.9% 0.6% 1.0% 6.8% 0.3% 0.4% IE IE 

Industrial 
Combustion 

0.0% 40.1% 20.9% 2.7% 14.7% 25.4% 29.4% 8.4% 0.9% 22.3% 20.8% 

Industrial Processes 1.4% 6.3% IE 8.3% 35.7% 13.5% 8.6% 38.6% 1.1% 7.1% 12.8% 

Residential, 
Commercial & Public 
Sector Combustion 

IE 26.5% 13.5% 4.3% 16.8% 29.4% 24.2% 3.5% 84.2% 15.9% 7.5% 

Solvent Processes NA NA NA 51.8% NA NA NA NA NA NA NA 

Transport Sources 2.0% 19.4% 44.6% 5.4% 14.3% 16.5% 4.4% 44.5% 2.5% 4.7% 7.0% 

Waste 3.6% IE IE IE 1.5% 2.4% IE IE 5.6% 47.7% 24.1% 

0.9% 
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Other* 9.5% 2.9% 7.1% 2.1% 4.6% 6.7% 1.2% 2.4% 0.2% 0.4% 0.3% 

* The sector: ñotherò will include all ñotherò categories in the inventory and also a number of categories that are insignificant for a specific pollutant. These 
have been marked in the table as ñIEò (used in inventory reporting for ñIncluded Elsewhereò). A breakdown of what is included within this category in respect 
to each pollutant can be found in Table 32.  
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Figure 10 ï Ammonia Emissions in England, 2021 Figure 11 ï Carbon Monoxide Emissions in England, 
2021 

   

Figure 12 ï  Nitrogen Oxides Emissions in England, 
2021 

Figure 13  ï NMVOC Emissions in England, 2021 
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Figure 14 ï PM10 Emissions in England, 2021 

 

Figure 15 ï PM2.5 Emissions in England, 2021 

 

Figure 16  ï Lead Emissions in England, 2021 Figure 17  ï Sulphur Dioxide Emissions in England, 2021 
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2.2 Scotland 

The following section provides a summary of emissions in Scotland for the eight priority air pollutants: NH3, CO, 

NOX, NMVOCs, PM10, PM2.5, SO2, and Pb. Information is also presented for emissions of PCDD/Fs, B[a]p, and 

Hg, with more detailed information for these three pollutants presented in Appendix C.2. Emissions of 

PCDD/Fs, B[a]p, and Hg should be considered as experimental statistics only4. 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 eleven air pollutants normalised against the 2005 baseline to illustrate the 

relative trends since then. This graph shows that all pollutant levels are lower in 2021 than they were in 2005. 

The greatest rate of decline is observed in the trend for SO2 emissions, principally due to the reduction in coal 

use within the economy, with more modest declines observable for CO, NOX, Hg, Pb, VOCs, NH3, PM2.5, PM10 

and B[a]p. Emissions from Hg initially increased between 2005 and 2007 before decreasing due to the trend in 

emissions from power stations.  

It is worth noting that emissions across all sectors were impacted by the COVID-19 pandemic in 2020, due to 

various changes in activity by individuals, business, and industrial processes. As a result, greater emission 

increases are seen across most sectors between 2020 and 2021 than for other consecutive years in the time 

series. This is particularly true for pollutants for which the transport sector is a significant source, such as lead, 

as the lifting of travel restrictions resulted in an increase in traffic.  

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 19 ï Ammonia Emissions in Scotland 

 

Note: The disaggregated emissions chart may not add up to 100% due to rounding. 

Emissions of ammonia in Scotland were estimated to be 32kt in 2021. These emissions have declined by 12% 
since 2005 and accounted for 12% of the UK total for ammonia in 2021. Agriculture sources have dominated the 
inventory throughout the time series, with cattle manure management accounting for at least 34% of the emissions 
from this sector across the entire time series. The initial trends in NH3 emissions were primarily driven by decreases 
in livestock numbers (except for poultry) and declines in the use of nitrogen-based fertilisers. After 2010, however, 
the decline began to be offset by increased application of urea-based and organic fertilisers such as digestate to 
agricultural soils causing fluctuating emissions totals since 2008, with no significant trends across these years. 
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Figure 20 ï Carbon Monoxide Emissions in Scotland9 

 

Note: The disaggregated emissions chart may not add up to 100% due to rounding. 

Emissions of carbon monoxide in Scotland were estimated to be 93kt in 2021 and have declined by 60% 
since 2005. Emissions in Scotland accounted for 7% of the UK total for carbon monoxide in 2021. This decline 
in emissions stems from changes in the contribution of transport sources, particularly in the road sector where 
emissions have declined by 89% since 2005 (contributing to 77% of the national trend in CO emissions). This 
decline is primarily to the penetration into the fleet of vehicles compliant with more recent Euro standards, 
which required the fitting of emission controls (e.g. three-way catalytic converters) in new petrol vehicles. 
Improved catalyst repair rates resulting from regulations controlling the sale and installation of replacement 
catalytic converters and particle filters for light-duty vehicles in 2008 also contribute to the trend. More 
recently, the switch from petrol cars to diesel cars, which have lower associated CO emissions rates, has 
also contributed to the observed trend. Emissions from the residential, commercial and public sector 
combustion have steadily increased since 2005, which corresponds with an increase in use of wood fuel in 
the domestic sector (BEIS, 2022a). CO emissions increased by 6% between 2020 and 2021, mainly driven 
by the 15% increase in emissions in this period from the transport sector.   

 

 

 

 

 

 

 

 

 

 

9 Other industries presented in the bubble graph relate to combustion emissions in the chemical, non-ferrous metals, pulp paper and print and other industries 
and combustion emissions from mobile sources in manufacturing and construction. 

1.9% 
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Figure 21 ï Nitrogen Oxides Emissions in Scotland 

 

Note: The disaggregated emissions chart may not add up to 100% due to rounding. 

Emissions of nitrogen oxides in Scotland were estimated to be 83kt in 2021, representing 12% of the UK total 
for nitrogen oxides. Emissions have declined by 59% since 2005, mainly due to changes in transport sources, 
particularly in road transport. This decline is driven by the successive introduction of tighter Euro emission 
standards, and the continued penetration of vehicles which comply with these standards. In addition, 
improvements in catalyst repair rates resulting from regulations controlling the sale and installation of 
replacement catalytic converters and particle filters for light-duty vehicles contributes to the decline since 
2008. However, the recent preferred uptake of diesel cars over petrol cars partly offsets these emissions 
reductions, because diesel cars emit higher NOX relative to their petrol counterparts. 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, 2022a). Energy industry emissions have declined across the time series, linked to Boosted 
Over-Fire Air (BOFA) abatement systems which were fitted to all four of Longannetôs units, to reduce NOX 
emissions from coal-fired generation by up to 25% (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 marking the end of coal combustion for power generation in Scotland 
and causing a step-change in emissions between 2015 and 2016. NOX emissions increased by 0.6% between 
2020 and 2021, with an associated 2.6% decrease in emissions in this period from the transport sector, 
predominantly due to a reduction in coastal shipping which is a significant source of NOx emissions in 
Scotland. 51% of the NOX emissions were due to the transport sector in 2021. 
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Figure 22 ï NMVOC Emissions in Scotland10 

 

Note: The disaggregated emissions chart may not add up to 100% due to rounding. 

Emissions of non-methane volatile organic compounds in Scotland were estimated to be 144kt in 2021, 
representing 18% of the UK total for non-methane volatile organic compounds. Emissions have declined by 
19% since 2005. This reduction is a result of reductions in fugitive and transport emissions which have each 
declined 82% since 2005. The declining trend seen in fugitive emissions is 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 56% of NMVOC emissions in Scotland in 2021) have increased since 2009 due to the increased 
production and storage of whisky. In total, spirit manufacture contributed approximately 54% of NMVOC 
emissions in Scotland in 2021. Emissions from road transport sources, including evaporative losses of fuel 
vapour from petrol vehicles have also declined over time due to emission control technologies that have 
progressively been 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. 

 

10 Other industries presented in the bubble graph relate to emissions from glass production, quarrying and mining of minerals other than coal, construction 
and demolition, storage handling and transport of chemical products, nitric acid production, titanium dioxide production, soda ash production, aluminium 
production, lead production, zinc production, copper production, other mineral products, other chemical industry, other metal production, pulp and paper 
industry, wood processing, other product use, other industrial processes. 
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Figure 23 ï PM10 Emissions in Scotland11 

 

Note: The disaggregated emissions chart may not add up to 100% due to rounding. 

Emissions of PM10 in Scotland were estimated to be 12kt in 2021, declining by 41% since 2005. These 
emissions account for 8% of the UK total PM10 emissions. Unlike most other pollutants, the emissions profile 
of PM10 is diverse: transport sources, residential and industrial processes each accounted for over 15% of 
total PM10 emissions in 2021. Emissions from industrial processes are dominated by other industries which 
aggregates a large number of industrial sectors such as other chemical industry (18%), construction and 
demolition (22%), titanium dioxide production (13%) and wood processing (10%). 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 natural gas in energy generation (which has negligible PM10 emissions) in place of 
coal (BEIS, 2022a), as well as the continued increasing share of renewables in the energy mix. PM10 exhaust 
emissions from diesel-fuelled vehicles have been decreasing due to the continued fleet penetration of 
vehicles complying with more recent and more stringent Euro emissions standards. Increasingly non-
exhaust sources of PM10 (for example tyre wear) have become more important to consider as exhaust PM10 
has been reduced. In fact, in 2021, 84% 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, 
2022a). PM10 emissions increased by 7% between 2020 and 2021, led by increases in several sectors. The 
increase in emissions from the transport sector contributed to this trend by 21%, with PM10 emissions 
increasing by 9% from this sector between 2020 and 2021. This is primarily due to lifting of travel restrictions 
imposed during the onset of the COVID-19 pandemic. PM10 emissions also increased by 27% from the 
construction and demolition sector, accounting for 58% of the increase in PM10 emissions between 2020 
and 2021. From 2020 to 2021, PM10 emission also increased by 36% from the aluminium production sector, 
accounting for 0.8% of the increase in PM10 emissions between these years. 

 

11 Other industries presented in the bubble graph relate to emissions from glass production, quarrying and mining of minerals other than coal, construction 
and demolition, storage handling and transport of chemical products, nitric acid production, titanium dioxide production, soda ash production, aluminium 
production, lead production, zinc production, copper production, other mineral products, other chemical industry, other metal production, pulp and paper 
industry, wood processing, other product use, other industrial processes. 
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Figure 24 ï PM2.5 Emissions in Scotland12 

 

Note: The disaggregated emissions chart may not add up to 100% due to rounding. 

Emissions of PM2.5 in Scotland were estimated to be 7kt in 2021, declining by 47% since 2005. These 
emissions account for 8% of the UK total for PM2.5 in 2021. As with PM10, PM2.5 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 PM2.5 compared to PM10. For PM2.5, the 
residential, commercial, and public sector combustion category (which includes agricultural combustion and 
fishing vessels ï NFR code 1A4c) accounts for 31% of 2021 emissions. The primary drivers for the decline 
in emissions since 2005 are the continued switch from coal to natural gas in electricity generation, and 
reductions in emissions from the transport sector due to the introduction of progressively more stringent 
emissions standards through time. PM2.5 emissions increased by 6% between 2020 and 2021, led by 
increases in several sectors. The increase in emissions from the transport sector contributed to this trend 
by 22%, with PM2.5 emissions increasing by 7% from this sector between 2020 and 2021. This is primarily 
due to the lifting of travel restrictions imposed due to the COVID-19 pandemic. From 2020 to 2021, PM2.5 
emissions also increased by 37% from the aluminium production sector, accounting for 1% of the increase 
in PM2.5 emissions between these years. 

 

12 Outdoor industries presented in the bubble graph relate to combustion emissions from machinery in the agriculture, forestry and fishing industries. 
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Figure 25 ï Sulphur Dioxide Emissions in Scotland13 

 

Note: The disaggregated emissions chart may not add up to 100% due to rounding. 

Emissions of sulphur dioxide in Scotland were estimated to be 9kt in 2021, representing 7% of the UK total 
in 2021 for sulphur dioxide. Emissions have declined by 91% since 2005 because of continued changes in 
the power generation sector. Since 2005, SO2 emissions from power stations have reduced by 99%. Such 
changes 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; the use of coal of lower sulphur content in later years to Cockenzie (Scottish Power, 2012) 
before its closure in March 2013, and finally the complete cessation of coal combustion for power generation 
in Scotland in 2016 after the closure of Longannet. SO2 emissions from transport sources have also 
declined, coincident with the reduced sulphur content of road fuels, for both petrol and diesel. Since 2020, 
SO2 emissions have increased by 1.9%, likely due to the lifting of travel restrictions imposed due to the 
COVID-19 pandemic.   

 

 

 

 

 

 

 

 

 

 

 

 

13 Outdoor industries presented in the bubble graph relate to combustion emissions from machinery in the agriculture, forestry and fishing industries. 
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Figure 26 ï Lead Emissions in Scotland 

 

Note: The disaggregated emissions chart may not add up to 100% due to rounding. 

Emissions of lead in Scotland were estimated to be 6.9 tonnes in 2021, representing 6% of the UK total in 
2021 for lead. Emissions have declined by 47% since 2005 due to changes in energy sources, industrial 
combustion, and industrial processes. Emissions from power stations have decreased by 88% since the 
base year, due to the phase out of coal from the energy generation mix, with the closure of Longannet in 
2016 marking the end of the use of coal in energy generation in Scotland. Unlike exhaust emissions which 
have been subject to the continued implementation of more stringent European regulation, non-exhaust 
emissions are not regulated and are strongly linked to the v-km driven on Scotlandôs roads. Non-exhaust 
emissions have decreased by 11% since the 2005 baseline. Industrial combustion accounts for 11% in 
2021, and use of fireworks contributes a further 6%. Three of the seven sites in the UK which manufacture 
fibreboard, chipboard and oriented strand board are located in Scotland, and are key sites for lead emissions 
due to the burning of waste wood as fuel. Lead emissions have increased by 22% since 2020, primarily due 
to a 16% increase in emissions due to tyre and break wear in the transport sector. Due to the COVID-19 
pandemic, travel restrictions resulted in a reduction in traffic volumes. The lifting of travel restrictions saw 
an associated increase in traffic volumes.    

 

Table 3 below provides a summary of the percentage contribution of each sector for each pollutant in 2021. 
The table is shaded according to the overall contribution of that sector to the pollutant total, (with darker shades 
representing greater contribution).  The table below indicates that the Residential, Commercial & Public Sector 
Combustion is an important sector when considering emissions of CO, SO2 and PM2.5, B[a]P and dioxins.  

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 NH3. 

Table 3 ï Source Emission Contributions Ranked by Sector, Scotland 2021 

Sector NH3 CO NOX VOC PM10 PM2.5 SO2 Pb B[a]p 
Dioxin

s 
Hg 

Agriculture 92.2% NA NA 10.8% 14.9% 5.3% NA NA NA NA NA 

Energy Industries NE 2.9% 11.4% IE 1.8% 2.7% 24.6% 2.8% 0.0% 1.5% 10.9% 

Fugitive IE 1.2% IE 6.9% 0.9% 1.5% 1.5% IE IE IE IE 

Industrial Combustion 0.0% 37.2% 14.1% 0.9% 12.2% 21.0% 19.9% 10.8% 0.7% 19.8% 13.9% 

Industrial Processes 0.2% 2.6% IE 58.6% 30.3% 9.7% 8.1% 12.8% 0.7% 1.2% 9.0% 

0.7% 
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Sector NH3 CO NOX VOC PM10 PM2.5 SO2 Pb B[a]p 
Dioxin

s 
Hg 

Residential, Commercial 
& Public Sector 
Combustion 

IE 32.2% 17.2% 2.0% 17.9% 31.2% 27.8% 6.7% 91.6% 24.8% 15.6% 

Solvent Processes NA NA NA 17.8% NA NA NA NA NA NA NA 

Transport Sources 1.1% 21.1% 50.6% 2.2% 16.7% 20.5% 16.9% 64.6% 2.2% 5.8% 16.1% 

Waste 1.8% IE IE IE 1.3% 2.2% IE IE 4.7% 46.8% 34.3% 

Other* 4.7% 2.9% 6.6% 0.8% 4.0% 5.9% 1.2% 2.4% 0.2% 0.1% 0.2% 

* The sector: ñotherò includes all ñotherò categories in the inventory and also a number of categories that are insignificant for a specific pollutant. These have 
been marked in the table as ñIEò (used in inventory reporting for ñIncluded Elsewhereò). A breakdown of what is included within this category in respect to 
each pollutant can be found in Table 32. 
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Figure 27 ï Ammonia Emissions in Scotland, 2021 Figure 28 ï Carbon Monoxide Emissions in Scotland, 
2021 

  

Figure 29 ï Nitrogen Oxides Emissions in Scotland, 
2021 

Figure 30 ï NMVOC Emissions in Scotland, 2021 
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Figure 31 ï PM10 Emissions in Scotland, 2021 Figure 32 ï PM2.5 Emissions in Scotland, 2021 

  

Figure 33 ï Lead Emissions in Scotland, 2021 Figure 34 ï Sulphur Dioxide Emissions in Scotland, 
2021 

  

 



Air Pollutant Inventories for England, Scotland, Wales, and Northern Ireland: 2005-2021

 

30 

2.3 Wales 

The following section provides a summary of emissions in Wales for the eight priority air pollutants: NH3, CO, 

NOX, NMVOCs, PM10, PM2.5, SO2, and Pb. Information is also presented for emissions of PCDD/Fs, B[a]p, and 

Hg, with more detailed information for these three pollutants presented in Appendix C.2. Emissions of 

PCDD/Fs, B[a]p, and Hg should be considered as experimental statistics only4. 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 eleven air pollutants normalised against the 2005 baseline to illustrate the 

relative trends since then. This graph shows that most pollutant levels are lower in 2021 than they were in 2005. 

The greatest rate of decline is observed in the trend for SO2 with more modest declines observable for NOX, Pb, 

VOCs, PM10, and PM2.5. 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. 

Emissions of NH3 have been rising 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. Emissions of B[a]p have increased 

over the time series, a trend principally dictated by increases in wood combustion in residential settings.  

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 SO2, CO, 

and Hg (and to some extent dioxins). Again, the sharp decrease in dioxin emissions and the increase in Pb 

emissions in 2021 is primarily a result of changes in sinter production activity whilst the increase in Hg emissions 

is driven by increases in emissions from electric arc furnaces in the iron and steel industry.  

Figure 35 ï Wales normalised trends for all pollutants 
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Figure 36 ï Ammonia Emissions in Wales 

 
Note: The disaggregated emissions chart may not add up to 100% due to rounding. 

Emissions of ammonia in Wales were estimated to be 23kt in 2021. These emissions are at a similar level in 2021 
to 2005 and account for 9% of the UK total ammonia emissions. Agriculture sources have dominated the time 
series, with cattle manure management alone accounting for at least 31% of emissions throughout. Emissions 
increases since 2008 have been driven largely by emissions from manure management practices, particularly for 
dairy cattle, and from the application of urea-based fertilisers and digestate to soils. A decline in emissions from 
transport sources is observed since 2005: although initially implemented to target NOX emissions from road 
transport, increased prevalence in improved catalytic systems has contributed to the decline in emissions of NH3 

from road transport. 
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Figure 37 ï Carbon Monoxide Emissions in Wales14 

 

Note: The disaggregated emissions chart may not add up to 100% due to rounding. 

Emissions of carbon monoxide in Wales were estimated to be 173kt in 2021 and have declined by 33% 
since 2005. Emissions in Wales accounted for 14% of the CO UK total in 2021. This decline in emissions 
stems from changes in the contribution of transport sources, particularly in the road sector where emissions 
have declined by 91% since 2005. This decline is primarily due to the penetration of vehicles compliant with 
more recent Euro standards, which required the fitting of emission controls (e.g. three-way catalytic 
converters) in new petrol vehicles. Improved catalyst repair rates resulting from regulations controlling the 
sale and installation of replacement catalytic converters and particle filters for light-duty vehicles in 2008 
also contribute to the trend. More recently, the switch from petrol cars to diesel cars, which have lower 
associated CO emissions rates, has also contributed to the observed trend. In more recent years, the 
industrial combustion sector has been growing in importance, showing a strong relationship with levels of 
activity within the iron and steel industry subsector. 

  

 

14 Other industries presented in the bubble graph relate to combustion emissions in the chemical, non-ferrous metals, pulp paper and print and other 
industries and combustion emissions from mobile sources in manufacturing and construction. 

0.2% 
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Figure 38 ï Nitrogen Oxides Emissions in Wales 

 

Note: The disaggregated emissions chart may not add up to 100% due to rounding. 

Emissions of nitrogen oxides in Wales were estimated to be 42kt in 2021, representing 6% of the UK total for 
nitrogen oxides. Emissions have declined by 60% since 2005, mainly due to changes in transport sources, 
particularly in road transport. This decline is driven by the successive introduction of tighter Euro emission 
standards, and the continued penetration of vehicles which comply with these standards. In addition, 
improvements in catalyst repair rates resulting from regulations controlling the sale and installation of 
replacement catalytic converters and particle filters for light-duty vehicles contributes to the decline since 
2008. However, the recent preferred uptake of diesel cars over petrol cars partly offsets these emissions 
reductions, because diesel cars emit higher NOX relative to their petrol counterparts. The reduction in 
emissions from energy industries more recently corresponds to the reduction in coal use at Aberthaw power 
station since 2013, but in particular between 2017 and 2019. As of 2021, NOx emissions from power stations 
are 91% lower than in 2013.  

Figure 39 ï NMVOC Emissions in Wales 
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Note: The disaggregated emissions chart may not add up to 100% due to rounding. 

Emissions of non-methane volatile organic compounds in Wales were estimated to be 44kt in 2021, 
representing 6% of the UK total for non-methane volatile organic compounds. Emissions have declined by 
31% since 2005. 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 the 
increasing proportion of diesel-fuelled vehicles in the passenger fleet which are associated with lower 
emissions rates of NMVOCs. 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, and to a lesser extent industrial 
applications. 
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Figure 40 ï PM10 Emissions in Wales15 

 

Note: The disaggregated emissions chart may not add up to 100% due to rounding 

Emissions of PM10 in Wales were estimated to be 10kt in 2021 and have declined by 22% since 2005. 
These emissions account for 7% of the UK total in 2021 for PM10. Unlike most other pollutants, the 
emissions profile of PM10 is diverse: transport sources, industrial combustion, and residential combustion 
each account for significant fractions of the 2021 total, contributing 10%, 12% and 24% respectively. 
However, the largest individual source is industrial processes, which accounts for 34% of the 2021 total. 
Iron and steel process sources such as sinter plants, basic oxygen furnaces and blast furnaces, and 
combustion sources, account for a further 19%. Recent trends have been influenced by each of these 
sectors, although there is no strong variation in overall emissions since 2011. In recent years, emissions 
from residential, commercial and public sector combustion have increased somewhat, and this is primarily 
due to increasing wood fuel use in the residential sector (BEIS, 2022a) 

 

15 Other industries presented in the bubble graph relate to emissions from glass production, quarrying and mining of minerals other than coal, construction 
and demolition, storage handling and transport of chemical products, nitric acid production, titanium dioxide production, soda ash production, aluminium 
production, lead production, zinc production, copper production, other mineral products, other chemical industry, other metal production, pulp and paper 
industry, wood processing, other product use, other industrial processes. 

0.2% 
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Figure 41 ï PM2.5 Emissions in Wales16 

 

Note: The disaggregated emissions chart may not add up to 100% due to rounding. 

Emissions of PM2.5 in Wales were estimated to be 7kt in 2021 and have declined by 23% since 2005. These 
emissions account for 8% of the UK total in 2021 for PM2.5. As with PM10, PM2.5 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 PM2.5 compared to PM10. For PM2.5, the 
residential, commercial, and public sector combustion category (NFR 1A4, which also includes agricultural 
combustion and fishing vessels) accounts for 36% of 2021 emissions. The primary reasons for the declines 
in emissions since 2005 are the continued switch in the fuel mix used in electricity generation away from 
coal and towards natural gas, and reductions in emissions from the transport sector due to the turnover of 
the vehicle fleet, with the continued penetration of vehicles that comply with more stringent exhaust 
emissions standards over time. However, declines in emissions have been offset by increases in emissions 
from the residential sector, and in particular, the combustion of wood. 

 

16 Outdoor industries presented in the bubble graph relate to combustion emissions from machinery in the agriculture, forestry and fishing industries. 

1.4% 
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Figure 42 ï Sulphur Dioxide Emissions in Wales17 

 

Note: The disaggregated emissions chart may not add up to 100% due to rounding. 

Emissions of sulphur dioxide in Wales were estimated to be 14kt in 2021, representing 11% of the UK total 
for sulphur dioxide. Emissions have declined by 78% since 2005, which has been dominated by reductions 
in energy industries emissions. Power stations alone have seen a 99% drop in emissions in 2021 compared 
to 2005, which coincides with the continued UK-wide shift in power generation fuel mix away from coal 
towards 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.  

Figure 43 ï Lead Emissions in Wales18 

 

Note: The disaggregated emissions chart may not add up to 100% due to rounding. 

 

17 Outdoor industries presented in the bubble graph relate to combustion emissions from machinery in the agriculture, forestry and fishing industries. 

18 Other industries presented in the bubble graph relate to emissions from glass production, quarrying and mining of minerals other than coal, construction 
and demolition, storage handling and transport of chemical products, nitric acid production, titanium dioxide production, soda ash production, aluminium 
production, lead production, zinc production, copper production, other mineral products, other chemical industry, other metal production, pulp and paper 
industry, wood processing, other product use, other industrial processes. 

0.7% 
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Emissions of lead in Wales were estimated to be 24 tonnes in 2021, representing 21% of the lead UK total. 
This amounts to almost a doubling of 2020 emissions. Emissions have declined by 4.8% since 2005 due to 
reductions within industrial processes. However, industrial processes remains the most substantive source 
of emissions, particularly as a result of the metal industry  - 97% of the rise in lead emissions from 2020 to 
2021 is attributable to increased iron and steel production. The importance of the sector to overall emissions 
means that the volatility in levels of production at Port Talbot steelworks play a primary role in dictating 
interannual trends, particularly in recent years where emissions have been highly variable. In 2021 in 
particular, changes in sinter production activity was a major contributing factor to the increase in Pb 
emissions.  

Table 4 below provides a summary of the percentage contribution of each sector for each pollutant in 2021. 
The table is shaded according to the overall contribution of that sector to the pollutant total, (with darker shades 
representing greater contribution).  The majority of the most significant 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 NH3. 

Table 4 ï Source Emission Contributions Ranked by Sector, Wales 2021 

Sector NH3 CO NOX VOC PM10 PM2.5 SO2 Pb B[a]p Dioxins Hg 

Agriculture 92.7% NA NA 30.1% 9.9% 3.4% NA NA NA NA NA 

Energy Industries NE 1.8% 18.2% IE 4.8% 4.9% 19.9% 0.2% 0.3% 1.1% 3.8% 

Fugitive IE 3.5% IE 14.1% 2.2% 1.9% 11.1% 2.0% 7.1% IE IE 

Industrial 
Combustion 

0.0% 42.8% 25.9% 3.4% 11.9% 17.8% 31.9% 2.4% 0.3% 12.4% 14.7% 

Industrial 
Processes 

0.3% 27.4% IE 6.0% 33.6% 21.4% 3.7% 84.3% 0.9% 32.6% 68.9% 

Residential, 
Commercial & 
Public Sector 
Combustion 

IE 18.3% 12.2% 6.6% 23.6% 35.6% 29.7% 2.3% 88.6% 27.4% 4.3% 

Solvent Processes NA NA NA 34.2% NA NA NA NA NA NA NA 

Transport Sources 0.9% 5.4% 34.1% 3.5% 10.2% 10.3% 3.3% 8.4% 0.8% 2.5% 1.9% 

Waste 1.3% IE IE IE 0.9% 1.3% IE IE 1.8% 23.7% 5.8% 

Other* 4.8% 0.8% 9.6% 2.2% 2.9% 3.5% 0.4% 0.3% 0.1% 0.3% 0.6% 

* The sector: ñotherò will include all ñotherò categories in the inventory and also a number of categories that are insignificant for a specific pollutant. These 
have been marked in the table as ñIEò (used in inventory reporting for ñIncluded Elsewhereò). A breakdown of what is included within this category in respect 
to each pollutant can be found in Table 32.
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Figure 44 ï Ammonia Emissions in Wales, 2021 Figure 45 ï Carbon Monoxide Emissions in Wales, 
2021 

     

Figure 46 ï Nitrogen Oxides Emissions in Wales, 2021 Figure 47 ï NMVOC Emissions in Wales, 2021 
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Figure 48ï PM10 Emissions in Wales, 2021 Figure 49 ï PM2.5 Emissions in Wales, 2021 

    

Figure 50 ï Lead Emissions in Wales, 2021 Figure 51 ï Sulphur Dioxide Emissions in Wales, 2021 

    

 

 












































































































































































































































