
 

 

 

Potential for reducing PM2.5 concentrations in 
London 

Final report 

 

July 2017 

Amec Foster Wheeler Environment  

& Infrastructure UK Limited 

 



 2 © Amec Foster Wheeler Environment & Infrastructure UK Limited 

   

 
                      

   

July 2017 
Doc Ref. 34431-62-05  

Report for 

Agnieszka Griffin 
Greater London Authority 
City Hall 
The Queen's Walk 
London, SE1 2AA 

Main contributors 

Oliver Power 
Chris Green 
Ben Warren 
Toon Smets 
William Smith 
Ian Keyte 

Issued by 

 
 
................................................................................. 
Chris Green 

Approved by 

 
 
................................................................................. 
Alun McIntyre 

Amec Foster Wheeler 

Floor 12 
25 Canada Square 
Canary Wharf 
London E14 5LB 
United Kingdom 
 
Doc Ref. 34431-62-05 
 
c:\users\chris.green\desktop\london pm2.5 target fr 
20170705.docx 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Copyright and non-disclosure notice 

The contents and layout of this report are subject to 
copyright owned by Amec Foster Wheeler (© Amec Foster 
Wheeler Environment & Infrastructure UK Limited 2017) 
save to the extent that copyright has been legally assigned 
by us to another party or is used by Amec Foster Wheeler 
under licence. To the extent that we own the copyright in 
this report, it may not be copied or used without our prior 
written agreement for any purpose other than the purpose 
indicated in this report. The methodology (if any) contained 
in this report is provided to you in confidence and must not 
be disclosed or copied to third parties without the prior 
written agreement of Amec Foster Wheeler. Disclosure of 
that information may constitute an actionable breach of 
confidence or may otherwise prejudice our commercial 
interests. Any third party who obtains access to this report 
by any means will, in any event, be subject to the Third 
Party Disclaimer set out below. 

Third-party disclaimer  

Any disclosure of this report to a third party is subject to 
this disclaimer. The report was prepared by Amec Foster 
Wheeler at the instruction of, and for use by, our client 
named on the front of the report. It does not in any way 
constitute advice to any third party who is able to access it 
by any means. Amec Foster Wheeler excludes to the 
fullest extent lawfully permitted all liability whatsoever for 
any loss or damage howsoever arising from reliance on 
the contents of this report. We do not however exclude our 
liability (if any) for personal injury or death resulting from 
our negligence, for fraud or any other matter in relation to 
which we cannot legally exclude liability.   

Management systems 

This document has been produced by Amec Foster 
Wheeler Environment & Infrastructure UK Limited in full 
compliance with the management systems, which have 
been certified to ISO 9001, ISO 14001 and OHSAS 18001 
by LRQA. 

Document revisions   

No. Details Date 

1 Draft Final report 2020 11/11/16 

2 Final report 2020 10/02/17 

3 Draft final report – extension to 
2030 

02/05/17 

4 Final report 2030 07/06/17 

5 Final report 2030 second issue 05/07/17 

 

 



 3 © Amec Foster Wheeler Environment & Infrastructure UK Limited 

   

 
                      

   

July 2017 
Doc Ref. 34431-62-05  

Executive summary 

Introduction and background 

Under the European Ambient Air Quality Directive, from 2015 PM2.5 concentrations in urban areas in the UK 

are limited to 20 µg/m3, as an annual average. There is mounting evidence from organisations such as the 

WHO1 that this is not low enough to prevent the serious health impacts caused by the pollutant. In fact, it has 

been noted in several publications1, 2 that there is little evidence to suggest a threshold of PM2.5 

concentrations below which no adverse health effects would be anticipated. The UK Government's advisory 

body, the Committee on the Medical Effects of Air Pollution (COMEAP) estimated that in 2008, PM2.5 

pollution was responsible for an equivalent to an average loss of life expectancy from birth of 9 months for a 

person in London. Therefore, reductions in annual average PM2.5 concentrations below 20 µg/m3 would yield 

health benefits.  

On this basis, this report seeks to identify the lowest achievable PM2.5 concentrations for London in 2020, 
2025 and 2030, to support the London Plan and the London Environment Strategy. This aim was achieved 
by completing the following objectives:  
 

 Identify “business as usual” (BAU) forecasted PM2.5 concentrations in London in 2020 /2025 

/2030 and the sources that contribute to these concentrations. 

 Review PM2.5 limits and targets in other cities and regions to establish best practice. 

 Identify measures that can reduce PM2.5 concentrations and their costs. 

 Analyse the costs and benefits of each measure to determine which are economically 

favourable. 

 Identify attainable PM2.5 concentration targets for 2020, 2025 and 2030 based on the 

application of those measures which are favourable. 

Methodology 

A desk-based literature review identified existing limits and targets for ambient PM2.5 concentrations in various 

regions and cities worldwide. A literature review of the health impacts of PM2.5 was also conducted, to 

determine the drivers for reducing PM2.5 concentrations. 

The 2013 London Atmospheric Emissions Inventory (LAEI) and PM2.5 concentration maps were analysed to 

determine the highest average annual PM2.5 concentration to which Londoners would be frequently exposed 

to in 2020, 2025 and 2030. The top 1% of the dataset was excluded, as a proxy for removing centre-of-road, 

kerbside, inside source and other locations where frequent exposure is unrealistic. The highest remaining 

value (99th percentile) was then taken as the baseline. This baseline was calibrated and adjusted using 2016 

monitored data from the London Air Quality Network (LAQN) and Air Quality England (AQE). The sources 

that contributed to the baseline concentration were analysed using the LAEI and Defra’s Estimated 

Background Air Pollution Maps. Contributions from secondary, natural, residual and regional primary 

sources3 were deducted from the baseline concentration to determine the approximate concentration over 

which measures in London have influence (termed the ‘local component’). 

27-33 different reduction measures (depending on the year) were identified and used as inputs to model 

achievable emissions reductions for 2020, 2025 and 2030. The model was used to estimate the cost 

effectiveness of the 27-33 measures for reducing PM2.5 emissions (£ per µg/m3) and to generate cost curves 

showing the cumulative concentration reductions and costs of applying the measures. 

                                                           
1 http://apps.who.int/iris/bitstream/10665/69477/1/WHO_SDE_PHE_OEH_06.02_eng.pdf 
2 http://www.thelancet.com/journals/lanonc/article/PIIS1470-2045%2813%2970279-1/abstract 
3 Secondary: not emitted directly but is formed in the atmosphere; Natural: includes sea salt, calcium and iron rich dusts etc.;      

Regional primary PM: emitted outside of London; Residual: unattributed sources. 

http://apps.who.int/iris/bitstream/10665/69477/1/WHO_SDE_PHE_OEH_06.02_eng.pdf
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The model was also used to complete a cost-benefit analysis for each measure. The quantities of PM10
4, 

NOX and CO2 reduced by each measure in tonnes were calculated using data on emissions from the LAEI. 

The latest damage cost functions and carbon price from IGCB and BEIS5 were applied to these emission 

reductions to estimate the monetised benefits associated with each measure. This was then compared to the 

costs of the measure. 

The cost curves and cost benefit analysis were brought together with a qualitative consideration of additional 

measures and wider impacts for which a quantitative assessment could not be made.  This informed an 

estimate of attainable annual mean PM2.5 concentrations in London in 2020, 2025 and 2030. 

Results and discussion 

International PM2.5 limits and targets 

Targets and limits in 15 regions and cities (both more and less developed) were identified. Nine of the 15 

regions considered have limits in place that are more stringent than those set in London (20 µg/m3). This 

includes regions that contain large urbanised areas that are similar to London, such as Manchester (10 

µg/m3), California (12 µg/m3) and Japan (15 µg/m3). 

Baseline PM2.5 concentration and sources in 2020 /2025 /2030 

The maximum frequent exposure PM2.5 concentration in London was forecasted to be 14.0 µg/m3 in 2020, 

13.6 µg/m3 in 2025 and 13.2 µg/m3 in 2030. The sources of this concentration were identified and it was 

estimated that approximately 6.0 µg/m3 in 2020, 5.9 µg/m3 in 2025 and 5.6 µg/m3 in 2030 were derived from 

human-related primary PM emissions within London (the ‘local component’), that could be targeted with 

measures. Of this local component, road transport is the largest source, making up 27% of the concentration 

in 2020-2030. Other significant sources include Part B industry (primarily cement/concrete blending), 

domestic and commercial combustion, non-road mobile machinery (NRMM), resuspension and aviation/ 

shipping/ rail. 

Measures to reduce PM2.5 concentration 

Data on the costs, PM2.5 abatement efficiencies, uptake rates and impacts on other pollutants were identified 

for 27-33 measures. Measures were identified for all sources that contribute to greater than 1% of the local 

component of PM2.5 concentration.  An exception is ‘Small Waste and Accidental Fires’ which is not covered 

due to the difficulty in controlling this source.  ‘Aviation’, including airport activities, is also not investigated as 

this is predominantly associated with Heathrow and therefore forecasts are likely to change due to the 

proposed third runway. 

Several measures have negative costs and therefore cost efficiency. This is because over the lifetime of the 

measure the operational cost saving due to the associated reduction in fuel consumption offsets the initial 

up-front investment. Measures which appear to be more cost efficient for reducing PM2.5 concentration 

include fitting PM abatement measures to Part B industry6, NRMM, rail and commercial combustion units, 

expanding car club schemes, low wear tyres and sealed wet brakes. Measures which appear to be less cost 

efficient (on the basis of a PM2.5 concentration reduction)7 include extending the ULEZ, replacing diesel/petrol 

vehicles with hybrids and electric vehicles, road spraying and planting vegetation barriers. 

A co-benefit of reducing PM2.5 is that the majority of measures will reduce black carbon (a climate forcer) 

emissions as they reduce emissions from combustion. These impacts could not be quantified due to a lack of 

data. 

                                                           
4 PM2.5 is normally emitted along with larger particles and so this assessment assesses the impact of PM10 rather than PM2.5 alone. 
5 https://www.gov.uk/government/collections/carbon-valuation--2 

   https://www.gov.uk/guidance/air-quality-economic-analysis 
6 Predominantly cement / concrete blending. 
7 This does not consider impacts on other pollutants such as NOX, which some of these measures will have a significant impact on 

https://www.gov.uk/government/collections/carbon-valuation--2
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PM2.5 concentration cost curve 

The cost curves generated from the modelling performed in this assessment for 2020 /2025 /2030 are shown 

below. Achievable PM2.5 concentrations in London are estimated to be 12.9 µg/m3 in 2020, 11.9 µg/m3 in 

2025 and 11.0 µg/m3 in 2030. The measures achieve a 40% reduction in local primary PM2.5; from 5.6 µg/m3 

down to 3.4 µg/m3 by 2030.  It is estimated that this will cost approximately £600-700m/year, equivalent to 

approximately £70-80/year per Londoner8. Alternatively, concentrations of 13.0 µg/m3 in 2020, 12.0 µg/m3 in 

2025 and 11.1 µg/m3 in 2030 may be achievable for around £50-200m/year (approximately £5-25/year per 

Londoner) as several relatively expensive measures would be required to reduce the final 0.1 µg/m3 in each 

year.  This indicates that there is high uncertainty in estimating the cost associated with achieving a specific 

future concentration target, when considering the inherent uncertainty in forecasting future emissions and the 

impact of measures available to reduce emissions. It should also be noted that there are additional measures 

that are not quantified and considered in this modelling which could enable the achievable PM2.5 

concentrations values to be reduced further.  

Reading from right to left on these graphs, the starting point represents the business as usual concentration 

and each point on the curve represents a measure and the associated ambient PM2.5 concentrations that 

would be achieved after take up of the measure. 

2020 

2025 

                                                           
8 Assuming a population of 8.67m 



 6 © Amec Foster Wheeler Environment & Infrastructure UK Limited 

   

 
                      

   

July 2017 
Doc Ref. 34431-62-05  

2030 

Conclusions and recommendations 

WHO advocate a PM2.5 concentration of 10 μg/m3 or below.  Implementation of the measures identified in the 

quantitative modelling would enable significant progress towards such a target.  There are several additional 

factors and measures which could contribute to further reductions to those quantified in the modelling.  It has 

not been possible to quantify the associated reduction.  These are discussed further within the report. 

 NECD – The baseline does not reflect the revised NECD, which sets national emission targets.  

The associated reductions will lead to a reduction in the regional primary and secondary9 

components of PM2.5 concentration in London.  These sources account for approximately      

3.6 μg/m3 in 2030 (section 2.5). 

 Knock on impacts - There are several additional wider or indirect impacts associated with the 

modelled measures that cannot be quantified in the modelling, but may contribute to further 

reduction of the PM2.5 concentration. 

 Additional measures - Several measures identified during the literature review as likely to 

have potential to reduce emissions and PM2.5 concentration were not included in the model due 

to a lack of available data or quantification of impacts on emissions. 

It should also be noted that the application of the identified measures may not bring 100% of locations in 

London into compliance with the concentrations stated. Concentrations at a small number of locations in 

close proximity to major emission sources, such as busy road intersections, will be reduced to some extent 

by the measures modelled, but may not become compliant with the stated concentrations. The simple 

modelling approach in this study is based on the average source apportionment for the highest points, 

whereas the actual main emitting sources in a small number of locations could be significantly different to the 

average, and therefore not all of the measures identified will be applicable.  Conversely, some measures will 

achieve a greater reduction than modelled where applied to a source with a higher contribution than 

average.  Additional localised measures, which have not been quantified in the modelling, would be required 

to bring these hotspots down to the indicated concentrations. Care should be taken when implementing 

these local measures to ensure emissions are not relocated from one hotspot to another. Further details of 

these measures and the reasoning for not including them in the modelling is explain in Table 4.5 in the main 

body of the report.  In addition to localised measures that target PM2.5 hotspots, a variety of other measures 

expected to have a significant impact on PM2.5 concentrations were identified in the literature, but were not 

included in the modelling, primarily due to a lack of available data. For example, there are particular 

opportunities around wood burning and cooking, and potential for emerging measures to reduce brake and 

tyre wear. Details of these can be found in the report.  

                                                           
9 In addition to PM2.5, the NECD prescribes targets for other pollutants such as SO2, ammonia and VOCs, which have been linked to 
secondary PM formation. 
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Acknowledging these additional factors and measures, it is likely to be viable for a target concentration of 

10.0 µg/m3 in 2030 to be achievable and/or that 11.0 µg/m3 could be met at lower cost if significant action is 

taken in advance of 2030 (including localised measures to target hotspots) and if the right European and 

national action is taken. 

This study is a high level top down analysis drawing from a range of existing information sources.  There are 

potential compatibility issues with these different information sources.  The most significant limitation is the 

use of LAEI projected emissions to establish source apportionment, which do not include certain emission 

sources such as domestic biomass combustion, and calibration against real life monitored data which does 

capture emissions from these sources.  Furthermore, there is uncertainty over the BAU uptake of certain 

measures reflected in the baseline projected emissions and therefore a risk of under or over stating the 

potential beyond business as usual uptake.  The conclusions of this study should be taken to be indicative of 

the overall reductions which could be achieved and potential measures which would help to achieve this.  

More detailed bottom up modelling, particularly for road traffic, is recommended to provide more accurate 

feasibility assessment for specific measures.   

This assessment has given some consideration to achievable uptakes of measures, however it has not 

explored in detail the policies that may be required to incentivise or enforce the level of uptake of these 

measures that will be required to meet the stated target.  The development of the London Environment 

Strategy (LES) presents the opportunity for such additional action to be set out. 
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1. Introduction 

1.1 Background to the study 

London currently has concentration-based standards for ambient air quality in line with national limits under 
the Air Quality (Standards) Regulations 2010, which transpose into English law the requirements of the 
European Ambient Air Quality Directive (2008/50/EC and 2004/107/EC). Under these standards, from 2015 
the annual mean concentration for PM2.5 is 25 μg/m3 in the UK and 20 μg/m3 in urban areas. However, there 
is mounting evidence that these limits are not low enough to prevent the significant health impacts caused by 
the pollutant, with organisations such as the WHO advocating an ambient PM2.5 guideline concentration of  
10 μg/m3 or below (see Section 2.1). On this basis, the Greater London Authority (GLA) has commissioned 
this scoping assessment to support the London Plan and the London Environment Strategy to investigate 
how and by when PM2.5 concentrations can be reduced in London. 

1.2 Aims and objectives 

This report aims to identify achievable PM2.5 concentrations for London in 2020, 2025 and 2030 by 
completing the following objectives:  

 
 To identify the projected annual mean concentrations of PM2.5 in London in 2020, 2025 and 

2030 from the London Atmospheric Emissions Inventory (LAEI). To calibrate these projections 

against 2016 monitored data and to identify the sources which contribute to these 

concentrations. 

 To review international best practice around limits for PM2.5, in order to establish which limits 

and targets have been set in other region and cities. 

 To identify measures that can reduce PM2.5 concentrations in 2020, 2025 and 2030 to levels 

lower than those projected in the LAEI, and to quantify their cost and impact on PM2.5 

concentrations. 

 To analyse the costs and benefits of applying each measure, in order to determine which are 

economically favourable. 

 To identify the lowest attainable annual mean PM2.5 concentrations for 2020, 2025 and 2030 in 

London and the costs of meeting these. 
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2. Establishing a baseline PM2.5 concentration in 
London in 2020, 2025 and 2030 

2.1 Health impacts of PM2.5 

Health studies have shown a significant association between exposure to fine particles (PM2.5) and 
premature death from heart or lung disease10. Fine particles penetrate deep into the respiratory tract and 
have been linked to effects such as: cardiovascular symptoms; cardiac arrhythmias; heart attacks; 
respiratory symptoms; asthma attacks; and bronchitis. Individuals that may be particularly sensitive to fine 
particle exposure include people with heart or lung disease, older adults, and children. PM2.5 is widely 
acknowledged as being the air pollutant which has the greatest impact on human health11.   
 
It has been noted in several publications11,12,13 that there is little evidence to suggest a threshold of PM2.5 

concentrations below which no adverse health effects would be anticipated. In fact, the low end of the range 
of concentrations at which adverse health effects has been demonstrated is not greatly above the 
background concentration (estimated to be 3-5 μg/m3 in Western Europe12). An annual average 
concentration of 10 μg/m3 is the lowest level at which cardiopulmonary and lung disease mortality have been 
shown to increase with more than 95% confidence in response to long term PM2.5 exposures14. For this 
reason, 10 μg/m3 is the guideline concentration recommended by the WHO (see Figure 1.1 below).  
 

 

Figure 2.1 Mortality risk of long term exposure to PM2.5 concentrations, and standards recommended by 
different organisations14. 

The total mortality burden of anthropogenic PM2.5 for the year 2010 in London was estimated to be 52,630 
life-years lost, equivalent to 3,537 deaths at typical ages15. The UK Government's advisory body, the 
Committee on the Medical Effects of Air Pollution (COMEAP) estimated that in 2008, PM2.5 pollution was 
responsible for an effect equivalent to an average loss of life expectancy from birth of 9 months for a person 

                                                           
10 https://www3.epa.gov/airquality/particlepollution/designations/basicinfo.htm 
11 2007 Air Quality Strategy for England, Scotland, Wales and Northern Ireland, paragraph 621. 
12 http://apps.who.int/iris/bitstream/10665/69477/1/WHO_SDE_PHE_OEH_06.02_eng.pdf 
13 http://www.thelancet.com/journals/lanonc/article/PIIS1470-2045%2813%2970279-1/abstract 
14 http://toxicology.usu.edu/540/reading/JAMA%20Pope%20et%20al%202002.pdf 
15 https://www.kcl.ac.uk/lsm/research/divisions/aes/research/ERG/research-projects/HIAinLondonKingsReport14072015final.pdf 

https://www3.epa.gov/airquality/particlepollution/designations/basicinfo.htm
http://apps.who.int/iris/bitstream/10665/69477/1/WHO_SDE_PHE_OEH_06.02_eng.pdf
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in London. A study commissioned by the Mayor suggested that in 2010 around 3,500 premature deaths were 
associated with long-term exposure to PM2.5. Furthermore, in 2001 work published by COMEAP also 
indicated that for each 1 µg/m3 decrease in PM2.5 between 0.2 and 0.5 million years of life will be gained over 
the lifetime of the current population of England and Wales16. This is equivalent to 1.5 – 3.5 days for every 
individual in England and Wales.  
 
Based on this evidence, a reduction of London’s average annual PM2.5 concentrations beyond current levels 
is expected to yield significant socio-economic benefits by reducing the negative health impacts caused by 
the pollutant.  
 
In addition, black carbon is a major component of PM2.5 arising from combustion of solid and liquid fossil and 
biomass fuels (AQEG, 2012). Black carbon is a short lived but significant climate forcer. Its impacts are not 
completely clear because it is normally co-emitted with organic carbon which is a cooling agent, but it is likely 
to contribute to climate change. 

2.2 Review of international PM2.5 limits and targets 

To inform the identification of achievable PM2.5 concentrations in London, a review has been performed to 

establish which limits and targets are in place in other regions around the world.  

This task consisted of a desk based literature review that identified existing limits and targets for ambient 

PM2.5 concentrations in various regions and cities worldwide. White papers, policy papers and regulatory 

literature published by regional authorities were screened and, where an annual average PM2.5 concentration 

limit was stipulated, this was extracted into a table of reference.  

Table 2.1 displays the results of the review of PM2.5 targets and limits in different regions around the world. 

Table 2.1  Average annual PM2.5 concentration limits and targets in different regions 

Region Organisation Legal 
Instrument 

PM2.5 Limit or 
Target 
(μg/m3) 

Year set Reference 

India Central Pollution Control 
Board 

The Air Act 40 2009 http://transportpolicy.net/index.
php?title=India:_Air_Quality_S
tandards 

China (urban 
areas) 

Chinese Government People’s 
Republic of 
China Air 
Pollution 
Prevention Law 

35 2012 http://transportpolicy.net/index.
php?title=China:_Air_Quality_
Standards 

Hong Kong Environment Protection 
Department 

Hong Kong Air 
Quality 
Objectives 

35 2014 http://www.epd.gov.hk/epd/eng
lish/environmentinhk/air/air_qu
ality_objectives/air_quality_obj
ectives.html 

EU European Commission 2008/50/EC 25 2015 http://ec.europa.eu/environment/air/quality/standards.htm  

Thailand Pollution Control 
Department 

National Ambient 
Air Quality 
Standards 

25 na http://www.pcd.go.th/info_serv/
reg_std_airsnd01.html 

Urban areas in 
the EU 

European Commission 2008/50/EC 20 2015 http://ec.europa.eu/environme
nt/air/quality/legislation/directiv
e.htm 

                                                           
16 https://uk-air.defra.gov.uk/assets/documents/reports/aqeg/pm-summary.pdf 

http://transportpolicy.net/index.php?title=India:_Air_Quality_Standards
http://transportpolicy.net/index.php?title=India:_Air_Quality_Standards
http://transportpolicy.net/index.php?title=India:_Air_Quality_Standards
http://transportpolicy/
http://www.epd.gov.hk/epd/english/environmentinhk/air/air_quality_objectives/air_quality_objectives.html
http://www.epd.gov.hk/epd/english/environmentinhk/air/air_quality_objectives/air_quality_objectives.html
http://www.epd.gov.hk/epd/english/environmentinhk/air/air_quality_objectives/air_quality_objectives.html
http://www.epd.gov.hk/epd/english/environmentinhk/air/air_quality_objectives/air_quality_objectives.html
http://ec.europa.eu/environment/air/quality/standards.htm
http://www/
http://ec.europa.eu/environment/air/quality/legislation/directive.htm
http://ec.europa.eu/environment/air/quality/legislation/directive.htm
http://ec.europa.eu/environment/air/quality/legislation/directive.htm
https://uk-air.defra.gov.uk/assets/documents/reports/aqeg/pm-summary.pdf
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Region Organisation Legal 
Instrument 

PM2.5 Limit or 
Target 
(μg/m3) 

Year set Reference 

China (non-
urban areas) 

Chinese Government People’s 
Republic of 
China Air 
Pollution 
Prevention Law 

15  2012 http://transportpolicy.net/index.
php?title=China:_Air_Quality_
Standards 

Japan Ministry of Environment Environmental 
Quality 
Standards 

15  2009 http://www.env.go.jp/en/air/aq/
aq.html 

Mexico Secretary of the 
Environment and Natural 
Resources 

Mexican Air 
Quality 
Standards 

15 1993 http://www.inecc.gob.mx/calair
e-informacion-basica/559-
calaire-nom-cal-aire 

Taiwan Environmental Protection 
Administration 

Clean Air Action 
Plan 

15 2015 http://air.epa.gov.tw/Public/sus
pended_particles.aspx 

USA US EPA Fine Particle 
Standard 

12 primary17 
15 

secondary18 

2012 https://www3.epa.gov/ttn/naaq
s/standards/pm/s_pm_history.
html 

California California EPA Californian 
Ambient Air 
Quality 
Standards 

12 2005 http://www.arb.ca.gov/researc
h/aaqs/caaqs/pm/pm.htm 

Global WHO WHO Air Quality 
Guidelines for 
PM 

10 2006 http://apps.who.int/iris/bitstrea
m/10665/69477/1/WHO_SDE_
PHE_OEH_06.02_eng.pdf 

Scotland SEPA National Air 
Quality Strategy 

1019 2016 http://www.scottishairquality.co
.uk/air-quality/standards 

Manchester TfGM, the GMCA, 
Greater Manchester’s ten 
local authorities20 

Greater 
Manchester Air 
Quality Action 
Plan and CCAC 
BreatheLife 

1021 2017 http://ccacoalition.org/en/news/
greater-manchester-becomes-
uk%E2%80%99s-first-
breathelife-region 

Urban areas in 
the EU 

European Commission 2008/50/EC 8.5 - 1822 2015 http://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CE
LEX:32008L0050&from=en 

Australia NEPC Air NEPM 8 1998 http://www.environment.gov.au
/protection/air-quality/air-
quality-standards 

 

From the review, it can be seen that nine of the 15 regions considered have set limits that are more stringent 

than those set in London. This includes regions that contain large urbanised areas that are similar to London, 

such as California (12 μg/m3) and Japan (15 μg/m3). In addition, Scotland has already set a target of 

10μg/m3 in 2020, and Manchester in 2030, which is stricter than the limit under the EU Directive 2008/50/EC. 

On this basis, it appears realistic that London could achieve a significantly lower PM2.5 average annual 

concentration than that in 2008/50/EC. 

                                                           
17 Primary particulates are directly released into the atmosphere by wind, combustion processes, or human activities.  
18 Secondary particles are those that form in the atmosphere as a result of reactions involving other gaseous pollutants, particularly 
sulphur dioxide, nitrogen oxides, ammonia, and volatile organic compounds 
19 Target to be achieved by 2020 
20 Bolton, Bury, Oldham, Rochdale, Stockport, Tameside, Trafford, Wigan, and the cities of Manchester and Salford 
21 Target to be achieved by 2030 
22 Target to be achieved by 2020. There is some flexibility in the target - for the UK the target is to reduce the background concentration 
by 15% in 2020, compared to the 2010 level. 

http://transportpolicy/
http://www/
http://www/
http://air/
https://www/
http://www/
http://apps/
http://www/
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2.3 Assessment of monitored PM2.5 data 

Data from the London Air Quality Network (LAQN)23 and Air Quality England (AQE)24 was extracted to 

provide monitored PM2.5 concentrations (annual mean) across London in the years 2007 – 2016. Only data 

from monitoring sites that use a reference equivalent measurement method have been included in this study. 

Table 2.2 summarises the data, excluding monitoring sites with a data capture of less than 75%.   
 
 

 

 

Table 2.3 summarises the data including all monitoring sites (i.e. including those with a data capture of 

<75%). Trends for rural, suburban, urban background, industrial, kerbside and roadside locations are 
presented. The number of monitoring sites has also been presented. It should be noted that the datasets 
presented are small (for some location types and years there is only 1 data point) and therefore the trends 
may not be considered conclusive. The data shows that average PM2.5 concentrations have fallen on 
average by 2.3 µg/m3 (15%) in the last decade. A similar trend is observed in all locations. The most 
significant decrease is for kerbside locations, which have fallen by 4.4 µg/m3 (22%) on average. The least 
significant decrease is for suburban locations, which have fallen by only 0.1 µg/m3 (1%) on average.  

Table 2.2 PM2.5 concentration statistics (µg/m3) for monitoring sites with >75% data count 

Year Sites Max Min Average Average 
Rural 

Average 
Suburban 

Average 
Urban 

background 

Average 
Industrial 

Average 
Kerbside 

Average 
Roadside 

2007 16 22.0 11.0 15.3 - - - - - - 

2008 15 20.0 10.0 14.9 - 10.5 - 15.0 20.0 15.3 

2009 24 19.0 10.0 14.0 - 13.0 13.0 15.0 15.7 14.6 

2010 22 20.0 9.0 14.3 - 13.0 13.2 15.0 - 15.7 

2011 26 24.0 10.0 15.3 10.0 13.6 14.6 19.0 17.3 16.4 

2012 33 21.0 8.0 13.7 8.0 11.4 12.6 15.5 17.3 15.7 

2013 31 27.0 9.0 14.7 - 11.7 11.8 15.5 20.8 15.8 

2014 18 18.0 10.0 14.5 - 7.0 11.8 15.0 18.0 15.3 

2015 20 17.0 9.0 12.2 - 3.7 9.0 - 14.0 13.7 

2016 23 18.9 8.9 13.0 - 10.4 12.5 13.0 15.6 15.0 

 

 

 

 

                                                           
23 https://www.londonair.org.uk/london/asp/reports.asp 
24 http://www.airqualityengland.co.uk/ 
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Table 2.3 PM2.5 concentration statistics (µg/m3) for all monitoring sites 

Year Sites Max Min Average Average 
Rural 

Average 
Suburban 

Average 
Urban 

background 

Average 
Industrial 

Average 
Kerbside 

Average 
Roadside 

2007 17 22.0 11.0 15.2 - 
 

- - - - 

2008 25 20.0 10.0 15.3 - 13.6 - 15.0 17.0 15.4 

2009 33 22.0 10.0 14.6 - 13.0 13.0 13.0 17.2 15.2 

2010 34 23.0 9.0 14.7 - 13.0 12.7 15.0 - 15.3 

2011 34 25.0 10.0 16.0 10.0 13.6 14.3 16.0 19.3 17.5 

2012 38 21.0 8.0 13.8 8.0 11.4 12.6 15.5 16.5 15.7 

2013 37 27.0 9.0 14.6 - 13.4 12.0 15.5 20.8 15.6 

2014 34 26.0 9.0 14.4 - 12.0 13.6 14.0 16.5 16.0 

2015 37 22.0 8.0 12.2 - 10.6 10.3 13.5 16.8 13.1 

2016 30 19.9 8.9 13.5 - 10.4 13.0 13.0 16.3 15.4 

2.4 Assessment of modelled PM2.5 data 

The 2013 version of the London Atmospheric Emissions Inventory (LAEI)25 was used to provide estimates of 

PM2.5 concentrations across London against which potential concentrations could be assessed. Modelled 

2013, 2020, 2025 and 2030 concentrations were provided at a 20 m grid level. Table 2.4 summarises the 

estimated PM2.5 concentrations in London in 2013, 2020, 2025 and 2030. Concentrations are predicted to fall 

as a result of assumptions around future emissions, of particular importance is the replacement of older 

vehicles with newer ones that comply with tighter emission (“Euro”) standards. This is shown in the average 

concentration across the modelled points (which ignores outliers which are artefacts of the modelling 

process, such as the maximum concentration), which is predicted to fall from 15.3 µg/m3 in 2013 to 13.1 

µg/m3 in 2030.  

Table 2.4 LAEI PM2.5 concentration statistics (µg/m3) 

 2013 2020 2025 2030 

Maximuma  33.7 44.8 33.2 25.9 

Minimum 14.0 12.9 12.5 12.1 

Averageb 15.3 13.8 13.4 13.1 

a: includes outliers 
b: calculated excluding outliers 

 

                                                           
25 London Datastore (Created March 2016) http://data.london.gov.uk/dataset/london-atmospheric-emissions-inventory-2013  

http://data.london.gov.uk/dataset/london-atmospheric-emissions-inventory-2013


 16 © Amec Foster Wheeler Environment & Infrastructure UK Limited 

   

 
                      

   

July 2017 
Doc Ref. 34431-62-05  

The range of concentrations was then analysed to determine the proportion of points in each 1 µg/m3 

concentration band and the spread of concentrations. Whilst the data is provided for each modelled point, it 

provides a good estimation of the proportion of London within each band. The concentration spread is shown 

in Table 2.5. This shows that the PM2.5 concentration in 2013 was greater than 20 µg/m3 in 0.3% of London 

and greater than 15 µg/m3 in 55% of London. The proportion greater than 15 µg/m3 is predicted to fall to 6% 

in 2020, 3% in 2025 and 2% 2030.     

Table 2.5 LAEI PM2.5 concentration spread 

Concentration 
Greater Than 
(µg/m3) 

2013 
Number of 
Points 

2013 % 2020 
Number of 
Points 

2020 % 2025 
Number of 
Points 

2025 % 2030 
Number of 
Points 

2030 % 

32 2 0.00% 1 0.00% 1 0.00% 0 0.00% 

31 6 0.00% 1 0.00% 1 0.00% 0 0.00% 

30 11 0.00% 1 0.00% 1 0.00% 0 0.00% 

29 18 0.00% 1 0.00% 1 0.00% 0 0.00% 

28 45 0.00% 2 0.00% 1 0.00% 0 0.00% 

27 91 0.00% 4 0.00% 1 0.00% 0 0.00% 

26 216 0.00% 9 0.00% 2 0.00% 0 0.00% 

25 505 0.01% 17 0.00% 7 0.00% 7 0.00% 

24 1,104 0.02% 48 0.00% 20 0.00% 14 0.00% 

23 2,310 0.04% 112 0.00% 52 0.00% 43 0.00% 

22 4,587 0.08% 311 0.01% 132 0.00% 105 0.00% 

21 8,695 0.15% 784 0.01% 373 0.01% 276 0.00% 

20 16,456 0.28% 1,999 0.03% 999 0.02% 775 0.01% 

19 34,772 0.59% 4,577 0.08% 2,640 0.05% 2,065 0.04% 

18 87,847 1.50% 11,079 0.19% 6,742 0.12% 5,357 0.09% 

17 236,079 4.03% 28,059 0.48% 16,999 0.29% 13,587 0.23% 

16 858,747 14.66% 91,047 1.55% 51,019 0.87% 34,787 0.59% 

15 3,205,818 54.74% 325,142 5.55% 173,139 2.96% 114,541 1.96% 

14 5,856,428 100.00% 1,865,996 31.86% 874,632 14.93% 481,808 8.23% 

13 5,856,428 100.00% 5,751,325 98.21% 4,092,516 69.88% 2,731,271 46.64% 

12 5,856,428 100.00% 5,856,428 100.00% 5,856,428 100.00% 5,856,428 100.00% 

 
Note: The outliers can be identified from the number of points at the upper concentrations.  For example, in 2025 there is one outlier 
point with a concentration greater than 32 µg/m3, the second highest point is not until 26 µg/m3, and the highest 1% percentile of points 
is reached at between 15 and 16 µg/m3.
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2.5 Assessment of emissions source contribution to concentration 

The modelled data for the points with the highest concentrations was analysed to identify which sources are 

the most significant contributors to PM2.5 concentrations at these points. These are the locations and sources 

for which measures will need to have the most significant impact, to bring London into compliance with a 

lower PM concentration target. Data on PM2.5 sources was available for a 1 km x 1 km area surrounding 

each point. 

There are several contributors to PM2.5 concentration on which measures relating to human activity within 

London will have uncertain, small or no effect. These are: 

 Secondary: this source includes all PM that is not emitted directly but is instead formed 

through agglomeration or chemical reactions in the atmosphere, both organic and inorganic. 

(Whereas primary PM refers to PM that is emitted directly from a source). 

 Natural contributions: this source includes sea salt, calcium and iron rich dusts etc. 

 Regional primary PM: this includes PM that is emitted by sources outside of London. 

 Residual: residual, unattributed sources of PM. 

The contributions from these sources were estimated using Defra’s Estimated Background Air Pollution 

Maps26. Some of the measures in this study may have the potential to influence secondary PM, because 

some of them reduce emissions of additional pollutants, which may have a role in secondary PM formation27. 

However, the mechanisms governing secondary PM are complex and it is uncertain to what extent the 

measures identified in this study would affect this. Some of the measures may also influence regional 

primary PM, particularly those applied to the transport sectors (road, rail and shipping). However, the 

information available in the Background Maps is not sufficiently detailed to estimate this impact. It is 

therefore assumed in this study, that the measures developed have no influence over 

secondary/natural/regional primary/residual sources (henceforth termed the ‘background component’).  The 

focus is therefore on local primary PM emission sources. 

The results of the assessment of sources are presented graphically for 2020, 2025 and 2030 in Figure 2.2, 

Figure 2.3 and Figure 2.4. A detailed summary of source contributions to the local component of PM2.5 

concentration (i.e. the concentration without secondary/natural/regional primary/residual sources) is provided 

in Appendix A.  

It was found that the most significant sources of PM2.5 in terms of contribution to total concentrations come 

from the background component. These sources contribute over half of the total pollutant concentration in 

London. As emissions of PM2.5 from human-related primary PM sources within London (termed the ‘local 

component’ in this study) are predicted to fall between 2013 and 2030, the background component is 

expected to increase in relative contribution to total concentrations in the city. The analysis carried out 

indicates that the contribution from the background component will rise from 54% in 2013 to 58% in 2030. 

Road traffic sources are the second most significant contributor to PM2.5 concentrations in London. The 

contribution from road traffic sources at points with the highest PM2.5 concentrations is predicted to decrease 

from 29% in 2013 to 27% in 2030. This decreasing contribution mainly results from reductions in emissions 

from exhausts as vehicles meeting more stringent emission (Euro) standards replace older vehicles. The 

contribution from exhaust is expected to decrease from 13% in 2013 to 2% in 2030.  

The latest Euro standards for cars (Euro 6) set a limit on PM emissions of 0.005g/km. This is more stringent 

than previous Euro standards for PM (e.g. Euro 4 for diesel cars set a limit of 0.025g/km). In addition, Euro 

standards 5b and above impose a limit on the number of particles that can be emitted per kilometre 

(6x1011/km for Euro 6). This limit was added specifically to reduce fine particulate emissions. From 

September 2014, all cars sold in the EU must comply with Euro 6 emissions standards. Therefore, as old 

pre-Euro 6 vehicles are replaced by new Euro 6 vehicles, average exhaust emissions of PM2.5 from cars will 

fall. Heavy goods vehicles (HGVs) also have Euro standards for PM emissions. The latest HGV standard 

                                                           
26 https://uk-air.defra.gov.uk/data/laqm-background-home  
27 https://uk-air.defra.gov.uk/assets/documents/reports/cat11/1212141150_AQEG_Fine_Particulate_Matter_in_the_UK.pdf 

https://uk-air.defra.gov.uk/data/laqm-background-home
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(Euro VI) imposes a PM limit of 0.01g/kWh (as compared to 0.02g/kWh for Euro V and 0.1g/kWh for Euro III), 

in addition to a particle number limit of 8x1011/km. Average PM2.5 exhaust emissions from the HGV fleet are 

therefore also expected to fall from 2013 to 2030. These changes will be further encouraged in London by 

the implementation of the Ultra-Low Emission Zone (ULEZ). The ULEZ will impose a charge on pre-Euro 6 

diesel cars and pre-Euro 4 petrol cars that enter central London, unless modified to comply with those 

standards. As the contribution of exhaust emissions to concentrations decreases, emissions from brake wear 

and tyre wear are set to become proportionally more significant. The contribution from brake wear is 

predicted to change from 11% in 2013 to 18% in 2030. The contribution from tyre wear is predicted to 

change from 5% in 2013 to 7% in 2030.  

The majority of PM2.5 contributions from other local sources are expected to decrease over time. Some of the 

more significant sources are: non-road mobile machinery (NRMM) and Construction & Demolition, which 

changes from 5% in 2013 to 3% in 2030, and Domestic & Commercial combustion, which falls from 4% in 

2013 to 3% in 2030. 

Figure 2.2 Source apportionment for the highest PM2.5 concentration locations in London in 2020 
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Figure 2.3 Source apportionment for the highest PM2.5 concentration locations in London in 2025 
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Figure 2.4 Source apportionment for the highest PM2.5 concentration locations in London in 2030 

 

2.6 Establishing a baseline concentration for 2020, 2025 and 2030 

To establish baseline PM2.5 concentrations in 2020, 2025 and 2030, the highest 1% of concentrations 

(58,564 points) were excluded from the modelled dataset, as a proxy for removing centre-of-road, kerbside, 

inside source and other locations where frequent exposure is unrealistic. The threshold of 1% was selected 

in consideration of the associated emission concentration map, presented below. 
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Figure 2.5 Greater London PM2.5 concentration map, 2013 

 

The highest remaining concentration (99th percentile) was considered as the baseline to which measures 

were applied. This value was used in the modelling rather than the average concentration of the whole data 

set because any limit imposed would require all locations in London to be compliant, rather than the spatial 

average across London to be compliant. This provides a fair representation of the highest PM2.5 

concentrations that Londoners are frequently exposed to (i.e. those living alongside roads) on an annual 

average concentration basis. This value is projected to be 16.3 µg/m3 in 2020, 15.9 µg/m3 in 2025 and 15.4 

µg/m3 in 2030. 

As the modelled data for PM2.5 used a base year of 2013, it was necessary to adjust the LAEI projections for 

2020 /2025 /2030 using 2016 monitored data, to improve accuracy. Using interpolation, the 2013 projections 

demonstrated an expected maximum concentration in 2016 of 17.2 µg/m3 (99th percentile). The monitoring 

data showed that the average roadside concentration in 2016 was 15.0 µg/m3. Assuming that the 99th 

percentile of modelled data was broadly consistent with average roadside data, this suggested that the 

modelled data was approximately 15 % too high in 2016. Extrapolating this trend out to 2020 /2025 /2030 

gave corrected baseline concentrations of 14.0 µg/m3 in 2020, 13.6 µg/m3 in 2025 and 13.2 µg/m3 in 2030. 

The source apportionment outlined in Section 2.5 was then applied to these concentrations to estimate the 

baseline contribution from each source. Through this process, the local component of PM2.5 concentration 

was estimated to be 6.0 µg/m3 in 2020, 5.9 µg/m3 in 2025 and 5.6 µg/m3 in 2030. A detailed breakdown of 

the contribution of sources to this local component is presented in Appendix A.  This breakdown was used as 

the basis for source apportionment in the modelling. 
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2.6.1 Limitations 

There are three emissions sources which are not represented in the LAEI emission forecasts. 

 Domestic biomass (wood) combustion: estimated to contribute to 1.07 μg/m3 based on 

measurement at two locations28 

 Cooking (domestic and commercial): contributing to between 0.42 and 0.84 μg/m3 in central 

London, estimated from measurements at one location29 

 Vehicle idling: not quantified 

Emissions from these sources are captured in the monitored data (Section 2.3) against which the LAEI 

projections have been calibrated to establish the baseline for this assessment (Section 2.6).  These 

emissions sources are not included in the source apportionment applied in this assessment, and therefore 

the relative contribution of other sources is potentially overstated.  Consequently, the modelling potentially 

overstates the achievable emissions reductions from other sources, while omitting the potential reductions 

achievable from controlling domestic biomass combustion, cooking and restricting vehicle idling. 

                                                           
28 Fuller, G. W., etal (2014) Contribution of wood burning to PM10 in London. Atmospheric Environment, 87, 
87-94. 
29 Young D. E., etal (2015) Investigating a two-component model of solid fuel organic aerosol in London: 
processes, PM1 contributions and seasonality. Atmos. Chem. Phys., 15, 2429-2443. 
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3. Modelling methodology 

3.1 Identification of measures 

To determine how to reduce the PM2.5 concentrations in London, it was necessary to identify measures (both 

technical and non-technical) which will result in an abatement of PM2.5 emissions.  

The following literature sources were reviewed to identify potential measures and their associated costs and 

impact on PM2.5 concentrations: 

 AMEC (2012) Multi Pollutant Measures Database (MPMD), Report for Defra (and unpublished 

updates);  

 AQC & TRL (2009) Local Measures for PM10 Hotspots in London;  

 Par Hill Research (2012) 14 Cost Effective Actions to Cut Central London Air Pollution;  

 TfL (2014) Transport Emissions Road Map;  

 Mayor of London (2016) Proposal to Expand the Ultra-Low Emission Zone 

 Information provided for this study by TfL 

 Other relevant literature 

From this review, a long list of 53 potential measures was identified, with data for each measure under the 

following categories (there were many gaps in the initial dataset): 

 PM2.5 abatement efficiency (%) 

 Abatement efficiency of other pollutants (NOX, PM10 and CO2) (%) 

 Business as usual (BAU) uptake rate in 2020 (%) 

 Maximum uptake rate in 2020 (%) 

 Capital costs and operating costs (£ and £/year) 

 Impacts on black carbon emissions. No quantitative data was available for this pollutant, so 

only a qualitative indication of the impact of each measure on black carbon emissions has been 

provided.  

This long list of measures was then screened to determine which would be suitable for inclusion in the 

quantitative analysis for 2020, 2025 and/or 2030. The following criteria were used for the screening: 

 The source to which the measure applies must contribute greater than 1% of PM2.5 

concentrations in 2020 /2025 /2030 and the beyond business as usual uptake (BBAU) potential 

must be reasonably high (generally >10%). 

 Both costs and impacts on PM2.5 must have been quantified for the measure. 

 It must be feasible to implement the measure before 2020 /2025 /2030 and the measure must 

not be at maximum uptake already in London. 

Following this screening process, 27 measures were deemed suitable for 2020, 33 for 2025 and 30 for 2030. 

Where it was possible to obtain missing data on costs and/or PM2.5 impacts for a measure by making simple 

assumptions, some additional research was completed to facilitate this. These measures formed the basis 

for the quantitative analysis. Measures that did not pass either of the first two criteria were not included in the 

quantitative analysis, but their impacts have instead been discussed in this report in a qualitative manner. 

Measures that did not pass the third criterion are not considered in the report, but are listed in Appendix B. 

Consideration has been given to the small number of measures which are applied to the same emission 

source and whether these could potentially interact.  For example where two measures are applied together 
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the impact on emission reduction may change, such as eco-driving in a diesel car will achieve more 

emissions reductions than eco-driving in an electric car.  Or measures may be alternative to each other and 

cannot be applied in combination, for example, a car can be replaced with either an electric car or a hybrid 

car.  It is concluded that the uptake levels are such that there is either no interaction or that the overlap is 

minimal and would have negligible impact on the results of the analysis. 

A limitation of this assessment is the uncertainty in the alignment of the assumed business as usual uptake 

of measures with the baseline established as described in the previous sections.  The baseline draws from 

the LAEI emissions projections, but with a top down adjustment to align with monitored data.  There is 

therefore no clear identification of the associated measures and levels of uptake anticipated in future years.  

Consideration was given to what is stated in the reference literature, LAEI report and other literature specific 

to the measure.  Consequently there is also uncertainty over the additional uptake for the measure modelled 

in the analysis.  Where uncertainty in BAU uptake is high, a conservative estimate for the BBAU uptake has 

been taken to reduce the risk of overstating the potential additional uptake and emissions reduction.        

3.2 Cost curve 

The measures identified in the previous task were used as inputs for three iterations of a model to generate 

abatement cost curves for PM2.5 concentrations in London in 2020, 2025 and 2030. 

Firstly, each measure was mapped to its relevant source(s) in the LAEI. The maximum reduction of PM2.5 

concentration achievable through the application of each measure was then calculated using the following 

equations: 

Concentration reduction (μg/m3) = forecast concentration from source (μg/m3) x abatement efficiency (%) x 

beyond business as usual (BBAU) uptake in 2020 /2025 /2030 (%) 

Where: 

BBAU uptake (%) = Maximum uptake (%) – business as usual (BAU) uptake (%) 

The calculations are performed as a percentage reduction to the forecast concentration.  Although not 
applied directly within the calculations, underlying this approach is an assumption that each tonne of 
emissions avoided from different emission sources will lead to an equivalent reduction in concentration. The 
sources considered in the model are road transport, resuspension, NRMM, rail and commercial/domestic 
combustion. The release/ dispersion characteristics of PM2.5 from these sources are all quite similar. They all 
occur at or close to ground level and will be affected by wind and atmospheric variables in a similar manner. 
This means that there will be only a minor difference between the relative impacts on concentration for each 
tonne of emissions reduced from these sources. This assumption is therefore expected to have only a minor 
impact on the results of the analysis. 
 

Where the identified measures presented costs for the whole UK, estimates were applied in order to scale 

the cost for application in London only. Where costs were presented in terms of transitional capital cost 

(CAPEX) and annually reoccurring operational costs (OPEX), the CAPEX was annualised using a lifetime 

that varied depending on the measure and a discount rate of 3.5% (as recommended by HM Treasury’s 

Greenbook guidance on policy analysis). This annualised capex was then added to the OPEX to obtain a 

total annualised cost for each measure: 

Total annualised cost (£/year) = annualised capex (£/year) + opex (£/year) 

This annualised cost was inflated to current prices (£2016) for each measure using the latest GDP deflator for 

the UK30. 

Next, the cost effectiveness of each measure was determined using the following equation: 

Cost effectiveness (£ per μg/m3) = Total annualised costs (£/year) / concentration reduction (μg/m3) 

The measures were then ranked according to their cost effectiveness (lowest to highest) and the cumulative 

cost and concentration reduction were calculated for 2020, 2025 and 2030.  Finally, the cumulative cost and 

concentration reduction achieved through the application of all the measures was plotted on graphs. These 

                                                           
30 https://www.gov.uk/government/collections/gdp-deflators-at-market-prices-and-money-gdp 
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cost curves provide a visual tool to allow for a quick understanding of the cost that would be associated with 

achieving a certain PM2.5 concentration target, and the measures that would be required to achieve that 

target. 

3.3 Cost-benefit analysis 

The final task to support the identification of future PM2.5 concentrations in London was to determine which (if 
any) of the measures considered in the quantitative analysis were not favourable according to a cost benefit 
analysis. The purpose of this was to establish whether any measures for PM2.5 concentration reduction may 
not be economically favourable to apply in London. 
 
To do this, the impact of each measure on PM10, NOX and CO2 emissions was considered. PM10 is defined 
as the fraction of particulates where the median diameter is 10 microns31. It therefore includes PM2.5 (defined 
as the fraction of particulates where the median diameter is 2.5 microns). Thus PM2.5 was not included in the 
calculation of total monetised benefits, to avoid double counting and because no separate damage cost 
function is available.  
 
The LAEI was used to determine the baseline emissions of each of these pollutants in tonnes in 2020 /2025 
/2030 from the sources targeted for PM2.5 reduction. The abatement efficiency and BBAU uptake of each 
measure was then applied to the baseline emissions in tonnes from the relevant source, to determine the 
quantity of pollutant abated by the measure: 
 
Quantity abated by measure (t) = Baseline emissions from source (t) x measure abatement efficiency (%) x 

measure BBAU uptake (%) 

 
This yielded a quantity of pollutant abated by each measure for the pollutants PM10, CO2 and NOX. The 
central values of the latest damage cost functions (DCFs) and non-traded carbon price32 published by 
Defra33 and DECC34 were then applied to these quantities of pollutants, to obtain an estimate of the 
monetised societal benefits achieved by each measure: 
 

Total monetised benefits (£/year) = [DCFPM10 * PM10 abated (t/year)] + [DCFNOX * NOX abated (t/year)] + 
[Carbon price * CO2 abated (t/year)] 

 
DCFs for NOX and PM are disaggregated by source in Defra’s assessment. It was therefore necessary to 
generate a weighted average DCF for London for these pollutants. This was done by applying the 
percentage contributions to concentration from each source (identified in Appendix A) to the respective 
damage cost functions. 
 
Finally, the total monetised benefits of each measure were then compared to the total annualised costs for 
each measure, in order to generation a Benefit-Cost Ratio (BCR): 
 

BCR = Total monetised benefits (£/year) / Total annualised costs (£/year) 

 
This cost benefit analysis considers only selected benefits of reducing emissions of PM10, CO2 and NOX.  For 
certain PM abatement measures included in the assessment, data were not available on the impact on other 
emissions and therefore the benefit in these cases may be understated.  Additionally, many of the measures 
considered in the report will result in an abatement of additional pollutants including CO, black carbon and 
VOCs for which recognised monetisation factors are not available.  
  
It should be noted that damage cost functions (DCF) are expected to be an underestimate of the societal 
benefits gained through the abatement of pollution. The DCFs applied do not consider total damages, as 
there are additional wider impacts which were not included in their formulation, such as the effects of air 
pollution changes on ecosystems. A detailed discussion of which factors have been incorporated within the 
DCFs employed in this study is included in Defra’s report33.  

                                                           
31 https://www.gov.uk/guidance/air-quality-economic-analysis#damage-costs-approach 
32 For the purposes of this report, it was assumed that none of the CO2 emitted in London is covered by the EU ETS, as a large majority 
of it is emitted from activities which are not covered by the scheme e.g. transport. 
33 https://www.gov.uk/guidance/air-quality-economic-analysis 
34 https://www.gov.uk/government/collections/carbon-valuation--2 
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Additionally, several measures identified in this report are not suitable for this cost-benefit analysis based on 
a standard damage cost function approach because they have an impact on PM2.5 concentrations, but not an 
absolute emissions reduction in tonnes.  For example road spraying which does not reduce the total 
emissions but reduces resuspension and ground level concentration.  Available standard damage cost 
functions can be used to provide an indication of the impact per tonne of PM2.5 rather than enabling a 
valuation based on the reduction of concentrations.  In practise, a reduction in concentration does lead to 
benefits, however a more detailed source-receptor modelling approach would be necessary to quantify such 
an impact. 
 
Due to this, the uncertainty in damage cost functions and their lack of consideration of wider impacts, 
particularly in the context of this report which only considers emissions reduction achieved in London, BCRs 
have been included for each measure in this report for illustrative purposes only. No measures have been 
excluded from the cost curve on the basis of their BCR. 

3.4 Identifying achievable PM2.5 concentration targets 

The findings from the cost curve and the consideration of measures and wider impacts (for which a 

quantitative assessment could not be made) were brought together to provide a recommended PM2.5 

achievable average annual PM2.5 concentration target for London in 2020 /2025 /2030 and an indication of 

the annual costs of meeting these concentration targets. 
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4. Results and discussion 

4.1 Measures to reduce PM2.5 concentration 

The following table presents the measures that have been identified in the study against each of the main 

emission sources. 

Table 4.1 List of measures per source 

Source Measures 

Cars Expanding car club schemes  

Cars (brake) Sealed wet brakes 

Tyre wear Low wear tyres 

Cars and taxis (exhaust and brake) Eco driving training for existing drivers 

Diesel car  (exhaust) Replace new diesel cars with new petrol cars instead 

Diesel car  (exhaust) Extend ULEZ requirements for diesel cars from Central London 
to Inner London 

Diesel cars (exhaust and brake) Replacing new diesel cars to hybrid petrol cars  

Diesel cars (exhaust and brake) Replacing new diesel cars to electric cars  

Petrol cars (exhaust and brake) Replacing new petrol cars to hybrid cars 

Petrol cars (exhaust and brake) Replacing new petrol cars to electric cars 

LGVs (brake) Sealed wet brakes 

LGVs (exhaust and brake) Eco-driving training for existing drivers 

Diesel LGV  (exhaust) Extend ULEZ requirements for diesel LGVs from Central London 
to Inner London 

Diesel LGVs (exhaust and brake) Replacing new diesel LGVs to electric LGVs  

Diesel LGVs (exhaust and brake) Replacing new diesel LGVs to diesel hybrid LGVs 

HGVs and buses (exhaust and 
brake) 

Eco-driving training for existing drivers 

HGVs, non-TfL buses and coaches  
(exhaust) 

Extend ULEZ requirements for these vehicles from Central 
London to London-wide 

HGVs (brake) Sealed wet brakes 

Buses (brake) Sealed wet brakes 

Buses (exhaust and brake) New electric buses instead of diesel 

Buses (exhaust and brake) New hydrogen fuel cell buses instead of diesel 
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Source Measures 

Road transport Planting ‘green walls’ near PM2.5 hotspots 

Resuspension Road spraying 

NRMM Retrofitting DPF to all NRMM 

Rail Diesel Particulate Filters 

Shipping Retrofitting DPFs 

Domestic combustion Fitting cavity wall insulation to homes with cavity walls 

Domestic combustion Fitting solid wall insulation to homes with solid walls 

Domestic Gas Switching gas boilers to air source heat pumps 

Commercial combustion Electro Static Precipitators 

Industry Part B Combined PM control – dust suppression 

 

Table 4.2, Table 4.3 and Table 4.4 present lists of measures that were included in the quantitative modelling 

for 2020, 2025 and 2030 respectively along with the associated uptake. The measures are ranked by their 

cost efficiency in terms of cost per PM2.5 concentration reduction. An indication of the impact of each on black 

carbon emissions has also been provided. This has been based on whether the measure abates PM2.5 

emissions from combustion or non-combustion sources. Appendix B contains a list of measures that were 

not included in the model, because they did not meet the criteria discussed in Section 3.1 and were also 

expected to have a minor impact on PM2.5 concentrations, with the reasoning for each explained. Measures 

that were expected to have a significant impact on PM2.5 emissions but could not be included due to data 

constraints are listed in Table 4.5. 

Measures were identified for all sources that contribute to greater than 1% of the local component of PM2.5 

concentration.  An exception is ‘Small Waste and Accidental Fires’ which is not covered due to the difficulty 

in controlling this source.  ‘Aviation’, including airport activities, is also not investigated as this is 

predominantly associated with Heathrow and therefore forecasts are likely to change due to the proposed 

third runway 

Several measures have negative costs and therefore cost efficiency. This is because over the lifetime of the 

measure the operational cost saving due to the associated reduction in fuel consumption offsets the initial 

up-front investment, in addition to a reduction of emissions. Other measures which appear to be more cost 

efficient for reducing PM2.5 concentrations include fitting PM abatement measures to Part B industry35, 

NRMM, rail and commercial combustion units, expanding car club schemes, low wear tyres and sealed wet 

brakes. Measures which appear to be less cost efficient (on the basis of a PM2.5 concentration reduction, this 

does not consider impacts on other pollutants such as NOX, which some of these measures will have a 

significant impact on) include extending the ULEZ, replacing diesel/petrol vehicles with hybrids and electric 

vehicles, road spraying and planting vegetation barriers.  

 

                                                           
35 Predominantly cement / concrete blending. 
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Table 4.2 List of measures included in the quantitative modelling for 2020 

Source Measure Measure description Annualised 
cost for 2020 

(£/year) 

PM2.5 
concentration 

reduction 
(g/m3) 

Cost efficiency 
of PM2.5 

reduction (£ / 
µgm-3 reduced) 

Reduces 
black carbon 
emissions? 
(Y/N/N.A.) 

Notes 

Domestic 
combustion 

Fitting cavity wall 
insulation to homes 
with cavity walls 

Fitting cavity wall insulation 
to homes with cavity walls 
(applied to 2.6 million 
homes). 

-£305,857,084 0.006 -53,047,109,569 Y  

HGVs and 
buses (exhaust 
and brake) 

Eco-driving training 
for existing drivers 

Eco-driving training 
programmes for existing 
drivers (based 15% BBAU). 

-£3,338,237 0.006 -560,858,669 Y  

LGVs (exhaust 
and brake) 

Eco-driving training 
for existing drivers 

Eco-driving training 
programmes for existing 
drivers (10% BBAU). 

-£1,557,204 0.004 -442,462,962 Y  

Cars and taxis 
(exhaust and 
brake) 

Eco driving training 
for existing drivers 

Training programme to teach 
existing fleet drivers how to 
reduce fuel consumption and 
braking. Application of gear 
shift indicators to ensure 
continued benefits (8% 
BBAU). 

-£4,069,525 0.011 -374,276,752 Y  

Diesel car  
(exhaust) 

Replace new diesel 
cars with new petrol 
cars instead 

Replace new diesel cars with 
new petrol cars instead 
(59,000 diesel cars 
replaced).  

-£1,122,226 0.026 -42,366,539 Y  

Tyre wear Low wear tyres All vehicles with 'value' or 
'budget' tyres replaced with 
premium and budget tyres at 
the end of tyres useful life 
(7% BBAU London vehicles).  

£0 0.019 0 N  

Commercial 
combustion 

ESP Electrostatic precipitators 
fitted to combustion units on 

£170,910 0.240 712,912 Y  
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Source Measure Measure description Annualised 
cost for 2020 

(£/year) 

PM2.5 
concentration 

reduction 
(g/m3) 

Cost efficiency 
of PM2.5 

reduction (£ / 
µgm-3 reduced) 

Reduces 
black carbon 
emissions? 
(Y/N/N.A.) 

Notes 

commercial sites (80% of 
sites in London). 

Industry Part B Combined PM 
control (Part B 
processes) - dust 
suppression using a 
combination of 
techniques as 
applicable to the 
site 

A combination of measures 
to control fugitive dust 
emissions from Part B 
processes, e.g. screening, 
enclosure, spraying (100% 
sites in London). 

£29,002 0.011 2,622,547 N  

Shipping Retrofitting DPFs Retrofitting DPF (90% 
BBAU).  

£2,445,303 0.098 24,942,333 Y  

Rail Diesel Particulate 
Filters 

Retrofit of diesel particulate 
filters to the London diesel 
train fleet (84% BBAU). 

£1,785,121 0.052 34,557,384 Y  

NRMM Retrofitting DPF to 
all NRMM 

Retrofitting DPF (20% 
BBAU). 

£15,337,385 0.308 49,799,376 Y  

Cars Expanding car club 
schemes  

Car clubs reduce household 
annual mileage, use a 
cleaner fleet of cars than the 
average car fleet and 
promote a modal shift to 
cleaner modes. Councils can 
incentivise the use of car club 
cars through the parking 
charges (based on 38,500 
car clubs). 

£4,993,885 0.089 55,879,102 Y Only considers the costs of 
setup to the local authority 
and the revenue from 
parking bays. Does not 
consider the private costs 
of setting up and running 
the clubs as this is offset by 
fees to the user. User costs 
likely to be similar to car 
ownership costs. 

Diesel cars 
(exhaust and 
brake) 

Replacing new 
diesel cars with 
hybrid petrol cars  

Combined effects of 
replacing new diesel cars to 
hybrid petrol cars 

£5,641,200 0.032 174,396,084 Y  
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Source Measure Measure description Annualised 
cost for 2020 

(£/year) 

PM2.5 
concentration 

reduction 
(g/m3) 

Cost efficiency 
of PM2.5 

reduction (£ / 
µgm-3 reduced) 

Reduces 
black carbon 
emissions? 
(Y/N/N.A.) 

Notes 

(regenerative braking 
included) (59,000 vehicles 
replaced). Incentives include: 
public procurement, 
Provision of free parking, 
Road toll exemptions or 
discounts etc. 

Petrol cars 
(exhaust and 
brake) 

Replacing new 
petrol cars with 
hybrid cars 

Combined effects of 
replacing new petrol cars to 
hybrids (regenerative braking 
included) (108,000 vehicles 
replaced). Incentives include: 
public procurement, 
Provision of free parking, 
Road toll exemptions or 
discounts etc. 

£3,133,964 0.012 254,462,773 Y  

Diesel LGVs 
(exhaust and 
brake) 

Replacing new 
diesel LGVs with 
diesel hybrid LGVs 

Combined effects of 
replacing new diesel LGVs to 
diesel hybrid LGVs 
(regenerative braking 
included) (18,000 vehicles 
replaced). Incentives include: 
public procurement, 
Provision of free parking, 
Road toll exemptions or 
discounts etc. 

£12,840,835 0.010 1,334,877,505 Y  

Diesel cars 
(exhaust and 
brake) 

Replacing new 
diesel cars with 
electric cars  

Combined effects of 
replacing new diesel cars to 
electric cars (regenerative 
braking included) (20,000 
vehicles replaced). Incentives 
include: public procurement, 
Provision of free parking, 

£16,816,782 0.012 1,416,427,060 Y The abatement achieved by 
this measure does not 
consider emissions from 
electricity generation, as 
this is expected to take 
place outside of London. 
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Source Measure Measure description Annualised 
cost for 2020 

(£/year) 

PM2.5 
concentration 

reduction 
(g/m3) 

Cost efficiency 
of PM2.5 

reduction (£ / 
µgm-3 reduced) 

Reduces 
black carbon 
emissions? 
(Y/N/N.A.) 

Notes 

Road toll exemptions or 
discounts etc. 

Diesel LGVs 
(exhaust and 
brake) 

Replacing new 
diesel LGVs with 
electric LGVs  

Combined effects of 
replacing new diesel LGVs to 
electric LGVs (regenerative 
braking included) (6,000 
vehicles replaced). Incentives 
include: public procurement, 
Provision of free parking, 
Road toll exemptions or 
discounts etc. 

£7,723,065 0.005 1,618,256,249 Y The abatement achieved by 
this measure does not 
consider emissions from 
electricity generation, as 
this is expected to take 
place outside of London. 

Diesel car  
(exhaust) 

Extend ULEZ 
requirements for 
diesel cars from 
Central London to 
Inner London 

The ULEZ imposes a Euro 6 
standard on all diesel cars in 
central London. The scheme 
could be extended to include 
Inner London (770,000 non-
compliant vehicles). 

£136,516,562 0.057 2,399,945,695 Y Fine for non-compliance is 
not included in cost as it is 
a transfer. 
Assumes 80% of pre-Euro 
6 vkms are replaced with 
Euro 6, across the whole of 
London.  i.e. cars are 
replaced / retrofitted to 
enable entry into the ULEZ 
and there is then a benefit 
when used outside of the 
ULEZ. 

Petrol cars 
(exhaust and 
brake) 

Replacing new 
petrol cars with 
electric cars 

Combined effects of 
replacing new petrol cars to 
electric cars (regenerative 
braking included). Incentives 
include: public procurement, 
Provision of free parking, 
Road toll exemptions or 
discounts etc. (36,000 
vehicles replaced).  

£13,729,131 0.005 2,524,054,659 Y The abatement achieved by 
this measure does not 
consider emissions from 
electricity generation, as 
this is expected to take 
place outside of London. 
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Source Measure Measure description Annualised 
cost for 2020 

(£/year) 

PM2.5 
concentration 

reduction 
(g/m3) 

Cost efficiency 
of PM2.5 

reduction (£ / 
µgm-3 reduced) 

Reduces 
black carbon 
emissions? 
(Y/N/N.A.) 

Notes 

HGVs, non-TfL 
buses and 
coaches  
(exhaust) 

Extend ULEZ 
requirements for 
these vehicles from 
Central London to 
London-wide 

The ULEZ imposes a Euro VI 
standard on all HGVs and 
buses in central London. The 
scheme could be extended to 
London-wide (12,000 non-
compliant vehicles replaced). 

£30,826,348 0.011 2,766,804,172 Y Fine for non-compliance is 
not included in cost as it is 
a transfer. 
Assumes 90% of pre-Euro 
VI vkms are replaced with 
Euro VI. 

Diesel LGV  
(exhaust) 

Extend ULEZ 
requirements for 
diesel LGVs from 
Central London to 
Inner London 

The ULEZ imposes a Euro 6 
standard on all diesel LGVs 
in central London. The 
scheme could be extended to 
include Inner London 
(320,000 non-compliant 
vehicles). 

£90,346,733 0.015 6,012,890,485 Y Fine for non-compliance is 
not included in cost as it is 
a transfer. 
Assumes 90% of pre-Euro 
6 vkms are replaced with 
Euro 6. 

Road transport Planting 'green 
walls' near PM2.5 
hotspots 

Vegetation such as ‘green 
walls’ can be planted 
alongside polluted roads. The 
vegetation traps particulates 
and reduce exposure to 
humans in the surrounding 
areas (90% BBAU, 18 
pollution hotspots). 

£21,604,081 0.003 8,496,804,356 N.A. Reduces exposure rather 
than the absolute quantity 
of PM2.5 emitted. Trees can 
be used instead, but may 
trap pollution in their 
canopy36 

Domestic 
combustion 

Fitting solid wall 
insulation to homes 
with solid walls 

Insulation improves the 
energy efficiency of the 
building, which reduces the 
annual fuel consumption 
required for heating. Less 
fuel consumption results in 
lower emissions of pollutants 
from, combustion (704,000 
homes). 

£172,279,894 0.016 10,805,829,441 Y  

                                                           
36 http://www.bbc.co.uk/news/science-environment-18873391 
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Source Measure Measure description Annualised 
cost for 2020 

(£/year) 

PM2.5 
concentration 

reduction 
(g/m3) 

Cost efficiency 
of PM2.5 

reduction (£ / 
µgm-3 reduced) 

Reduces 
black carbon 
emissions? 
(Y/N/N.A.) 

Notes 

Domestic Gas Switching gas 
boilers to air source 
heat pumps 

Switching gas boilers to air 
source heat pumps (140,000 
homes).  

£73,944,954 0.007 11,267,251,087 Y The abatement achieved by 
this measure does not 
consider emissions from 
electricity generation, as 
this is expected to take 
place outside of London. 

Resuspension Road spraying Spraying roads with water or 
other liquids can trap 
particulates and reduce the 
quantities that get re-
suspended by traffic As 
above (31% BBAU for the 
15,000 km of London roads). 

£31,082,614 0.002 19,164,301,571 N.A. Reduces exposure rather 
than the absolute quantity 
of PM2.5 emitted. 

Table 4.3 List of measures included in the quantitative modelling for 2025 

Source Measure Measure 
description 

Annualised cost 
for 2025 (£/year) 

PM2.5 
concentration 

reduction 
(g/m3) 

Cost efficiency of 
PM2.5 reduction  

(£ / µgm-3 reduced) 

Reduces black carbon 
emissions? (Y/N/N.A.) 

Notes 

Domestic 
combustion 

Fitting cavity wall 
insulation to 
homes with cavity 
walls  

As above (2.6 
million homes). 

-£305,857,084 0.005 -58,824,639,026 Y   

HGVs and 
buses 
(exhaust and 
brake) 

Eco-driving 
training for existing 
drivers  

As above (12% 
BBAU). 

-£6,395,048 0.012 -519,511,432 Y  

LGVs 
(exhaust and 
brake) 

Eco-driving 
training for existing 
drivers  

As above (16% 
BBAU). 

-£2,091,481 0.005 -428,656,127 Y  
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Source Measure Measure 
description 

Annualised cost 
for 2025 (£/year) 

PM2.5 
concentration 

reduction 
(g/m3) 

Cost efficiency of 
PM2.5 reduction  

(£ / µgm-3 reduced) 

Reduces black carbon 
emissions? (Y/N/N.A.) 

Notes 

Cars and taxis 
(exhaust and 
brake) 

Eco driving training 
for existing drivers  

As above (32% 
BBAU). 

-£4,797,980 0.015 -317,983,831 Y  

Diesel car  
(exhaust) 

Replace new 
diesel cars with 
new petrol cars 
instead  

As above (150,000 
diesel cars 
replaced). 

-£2,858,715 0.033 -86,390,765 Y  

Tyre wear Low wear tyres  As above (31% 
BBAU). 

£0 0.087 0 N  

Commercial 
combustion 

ESP  As above (80% 
BBAU at sites in 
London). 

£169,053 0.242 698,059 Y  

Industry Part 
B 

Combined PM 
control (Part B 
processes) - dust 
suppression using 
a combination of 
techniques as 
applicable to the 
site  

As above (100% of 
sites in London). 

£29,002 0.010 2,813,536 N  

Shipping Retrofitting DPFs  As above (90% 
BBAU). 

£2,716,366 0.192 14,159,044 Y  

Rail Diesel Particulate 
Filters  

As above (69% 
BBAU). 

£1,469,983 0.046 31,776,564 Y  

NRMM Retrofitting DPF to 
all NRMM  

As above (20% 
BBAU). 

£15,735,951 0.303 51,887,196 Y  
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Source Measure Measure 
description 

Annualised cost 
for 2025 (£/year) 

PM2.5 
concentration 

reduction 
(g/m3) 

Cost efficiency of 
PM2.5 reduction  

(£ / µgm-3 reduced) 

Reduces black carbon 
emissions? (Y/N/N.A.) 

Notes 

Cars Expanding car club 
schemes  

As above (37,000 
car clubs). 

£4,758,014 0.084 56,514,472 Y As above 

HGVs (brake) Sealed wet brakes Vehicles that use 
mechanical braking 
may be retrofitted 
with sealed wet 
brakes to reduce 
particulate 
emissions (11,000 
vehicles).  

£18,177,733 f0.137 133,020,848 N  

Buses (brake) Sealed wet brakes  Vehicles that use 
mechanical braking 
may be retrofitted 
with sealed wet 
brakes to reduce 
particulate 
emissions (15,000 
vehicles).  

£7,701,651 0.048 159,950,844 N  

Cars (brake) Sealed wet brakes Vehicles that use 
mechanical braking 
may be retrofitted 
with sealed wet 
brakes to reduce 
particulate 
emissions (1.6 
million vehicles).  

£23,063,798 0.120 192,642,685 N  

Petrol cars 
(exhaust and 
brake) 

Replacing new 
petrol cars with 
hybrid cars 

As above (290,000 
vehicles replaced).  

£8,357,237 0.036 234,926,742 Y  

Diesel cars 
(exhaust and 
brake) 

Replacing new 
diesel cars with 
hybrid petrol cars  

As above (150,000 
vehicles replaced).  

£14,370,172 0.057 252,664,180 Y  
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Source Measure Measure 
description 

Annualised cost 
for 2025 (£/year) 

PM2.5 
concentration 

reduction 
(g/m3) 

Cost efficiency of 
PM2.5 reduction  

(£ / µgm-3 reduced) 

Reduces black carbon 
emissions? (Y/N/N.A.) 

Notes 

LGVs (brake) Sealed wet brakes Vehicles that use 
mechanical braking 
may be retrofitted 
with sealed wet 
brakes to reduce 
particulate 
emissions (174,000 
vehicles replaced).  

£60,800,566 0.141 431,249,911 N  

Diesel LGVs 
(exhaust and 
brake) 

Replacing new 
diesel LGVs with 
electric LGVs  

As above (16,000 
vehicles replaced).  

£5,265,170 0.010 520,945,578 Y As above 

Diesel LGV 
(exhaust) 

Extend ULEZ 
requirements for 
diesel LGVs from 
Central London to 
Inner London 

As above (111,000 
non-compliant 
vehicles).  

£1,135,249 0.001 757,200,182 Y  

Diesel car 
(exhaust) 

Extend ULEZ 
requirements for 
diesel cars from 
Central London to 
Inner London 

As above (262,000 
non-compliant 
vehicles).  

£5,172,122 0.005 944,956,278 Y  

HGVs, non-
TfL buses and 
coaches  
(exhaust) 

Extend ULEZ 
requirements for 
these vehicles 
from Central 
London to London-
wide 

As above (4,000 
non-compliant 
vehicles).  

£2,937,402 0.003 1,082,271,694 Y  

Diesel cars 
(exhaust and 
brake) 

Replacing new 
diesel cars with 
electric cars  

As above (50,000 
vehicles replaced). 

£24,883,827 0.020 1,223,297,032 Y As above 
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Source Measure Measure 
description 

Annualised cost 
for 2025 (£/year) 

PM2.5 
concentration 

reduction 
(g/m3) 

Cost efficiency of 
PM2.5 reduction  

(£ / µgm-3 reduced) 

Reduces black carbon 
emissions? (Y/N/N.A.) 

Notes 

Diesel LGVs 
(exhaust and 
brake) 

Replacing new 
diesel LGVs with 
diesel hybrid LGVs 

As above (49,000 
vehicles replaced).  

£35,332,862 0.022 1,608,110,574 Y  

Buses 
(exhaust and 
brake) 

New electric buses 
instead of diesel 

Replace new buses 
with electric buses 
(350 buses 
replaced).  

£4,681,303 0.002 2,130,517,456 Y The abatement 
achieved by this 
measure does not 
consider emissions 
from electricity 
generation, as this is 
expected to take 
place outside of 
London. 

Petrol cars 
(exhaust and 
brake) 

Replacing new 
petrol cars with 
electric cars 

As above (96,000 
vehicles replaced).  

£36,611,016 0.016 2,336,761,516 Y As above 

Buses 
(exhaust and 
brake) 

New hydrogen fuel 
cell buses instead 
of diesel 

New buses can be 
replaced with 
hydrogen fuel cell 
buses (6000 buses 
replaced).  

£15,713,847 0.002 6,779,680,809 Y The abatement 
achieved by this 
measure does not 
consider emissions 
from hydrogen 
generation, as this is 
expected to take 
place outside of 
London. 

Road 
transport 

Planting 'green 
walls' near PM2.5 
hotspots 

As above (90% 
BBAU at 18 
pollution hot spots).  

£21,604,081 0.002 8,677,085,634 N.A. As above 

Domestic Gas Switching gas 
boilers to air 
source heat pumps 

As above (140,000 
homes).  

£73,944,954 0.007 11,299,270,104 Y As above 
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Source Measure Measure 
description 

Annualised cost 
for 2025 (£/year) 

PM2.5 
concentration 

reduction 
(g/m3) 

Cost efficiency of 
PM2.5 reduction  

(£ / µgm-3 reduced) 

Reduces black carbon 
emissions? (Y/N/N.A.) 

Notes 

Domestic 
combustion 

Fitting solid wall 
insulation to 
homes with solid 
walls 

As above (700,000 
homes).  

£172,279,894 0.014 11,982,726,701 Y  

Resuspension Road spraying As above (31% 
BBAU for the 
15,000 km of 
London roads). 

£31,082,614 0.002 17,903,272,977 N.A. As above 

Table 4.4 List of measures included in the quantitative modelling for 2030 

Source Measure Measure description Annualised cost 
for 2030 (£/year) 

PM2.5 
concentration 

reduction (g/m3) 

Cost efficiency of 
PM2.5 reduction  

(£ / µgm-3 
reduced) 

Reduces black 
carbon 

emissions? 
(Y/N/N.A.) 

Notes 

Domestic 
combustion 

Fitting cavity wall insulation 
to homes with cavity walls 

As above (Table 4.2) (2.5 
million homes).  

-£311,914,662 0.005 -63,449,331,918 Y   

HGVs and buses 
(exhaust and 
brake) 

Eco-driving training for 
existing drivers 

As above (Table 4.2) (15% 
BBAU). 

-£6,980,370 0.015 -473,439,723 Y  

LGVs (exhaust 
and brake) 

Eco-driving training for 
existing drivers 

As above (Table 4.2)   
(20% BBAU). 

-£2,239,137 0.006 -378,322,066 Y  

Cars and taxis 
(exhaust and 
brake) 

Eco driving training for 
existing drivers 

As above (Table 4.2) (39% 
BBAU).  

-£5,780,464 0.018 -324,172,353 Y  

Tyre wear Low wear tyres As above (Table 4.2) (31% 
BBAU for London vehicles).  

£0 0.087 0 N  
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Source Measure Measure description Annualised cost 
for 2030 (£/year) 

PM2.5 
concentration 

reduction (g/m3) 

Cost efficiency of 
PM2.5 reduction  

(£ / µgm-3 
reduced) 

Reduces black 
carbon 

emissions? 
(Y/N/N.A.) 

Notes 

Commercial 
combustion 

ESP As above (Table 4.2) (80% 
BBAU at sites in London).    

£159,476 0.230 692,619 Y  

Industry Part B Combined PM control (Part 
B processes) - dust 
suppression using a 
combination of techniques 
as applicable to the site 

As above (Table 4.2) 
(100% of sites in London).  

£29,002 0.008 3,467,594 N  

Rail Diesel Particulate Filters As above (Table 4.2) (54% 
BBAU). 

£1,143,341 0.054 21,334,884 Y  

Shipping Retrofitting DPFs As above (Table 4.2) (90% 
BBAU). 

£2,914,705 0.094 31,082,520 Y  

Buses (brake) Sealed wet brakes As above (Table 4.2) 
(15,200 buses). 

£8,099,086 0.186 43,439,036 N  

Cars Expanding car club 
schemes  

As above (Table 4.2) 
(35,000 car clubs).  

£4,512,624 0.077 58,788,328 Y As 
above 
(Table 
4.2) 

NRMM Retrofitting DPF to all 
NRMM 

As above (Table 4.2) (20% 
BBAU). 

£16,546,023 0.276 59,845,662 Y  

Cars (brake) Sealed wet brakes As above (Table 4.2) (1.7 
million cars).  

£27,903,114 0.420 66,363,456 N  

HGVs (brake) Sealed wet brakes As above (Table 4.2) 
(11,300 HGVs).  

£16,839,126 0.210 80,272,255 N  
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Source Measure Measure description Annualised cost 
for 2030 (£/year) 

PM2.5 
concentration 

reduction (g/m3) 

Cost efficiency of 
PM2.5 reduction  

(£ / µgm-3 
reduced) 

Reduces black 
carbon 

emissions? 
(Y/N/N.A.) 

Notes 

Petrol cars 
(exhaust and 
brake) 

Replacing new petrol cars 
with hybrid cars 

As above (Table 4.2) 
(468,000 diesel cars 
replaced).  

£13,580,511 0.060 227,790,677 Y  

Diesel cars 
(exhaust and 
brake) 

Replacing new diesel cars 
with hybrid petrol cars  

As above (Table 4.2) 
(142,000 vehicles 
replaced).  

£13,611,813 0.045 300,264,106 Y  

LGVs (brake) Sealed wet brakes As above (Table 4.2) 
(195,000 vehicles).  

£80,664,806 0.239 337,397,109 N  

Diesel LGVs 
(exhaust and 
brake) 

Replacing new diesel LGVs 
with electric LGVs  

As above (Table 4.2) 
(27,000 vehicles replaced).  

£5,156,752 0.013 396,552,873 Y As 
above 
(Table 
4.2) 

Diesel car 
(exhaust) 

Replace new diesel cars 
with new petrol cars 

As above (Table 4.2) 
(460,000 diesel cars 
replaced).  

£37,040,897 0.035 1,047,289,720 Y  

Diesel cars 
(exhaust and 
brake) 

Replacing new diesel cars 
with electric cars  

As above (Table 4.2) 
(77,000 vehicles replaced).  

£31,457,295 0.026 1,214,183,410 Y As 
above 
(Table 
4.2) 

Petrol cars 
(exhaust and 
brake) 

Replacing new petrol cars 
with electric cars 

As above (Table 4.2) 
(156,000 vehicles 
replaced).  

£40,794,801 0.026 1,568,305,397 Y As 
above 
(Table 
4.2) 

Diesel LGVs 
(exhaust and 
brake) 

Replacing new diesel LGVs 
to diesel hybrid LGVs 

As above (Table 4.2) 
(81,000 vehicles replaced).  

£59,842,754 0.034 1,773,170,120 Y  

Buses (exhaust 
and brake) 

New electric buses instead 
of diesel 

As above (Table 4.2) (150 
buses replaced).  

£2,050,949 0.001 2,417,788,286 Y As 
above 
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Source Measure Measure description Annualised cost 
for 2030 (£/year) 

PM2.5 
concentration 

reduction (g/m3) 

Cost efficiency of 
PM2.5 reduction  

(£ / µgm-3 
reduced) 

Reduces black 
carbon 

emissions? 
(Y/N/N.A.) 

Notes 

(Table 
4.2) 

Buses (exhaust 
and brake) 

New hydrogen fuel cell 
buses instead of diesel 

As above (Table 4.2) (2,500 
buses replaced).  

£6,247,135 0.001 7,811,187,895 Y As 
above 
(Table 
4.2) 

Road transport Planting 'green walls' near 
PM2.5 hotspots 

As above (Table 4.2) (90% 
BBAU at 18 pollution hot 
spots).  

£21,604,081 0.002 8,875,238,032 N.A. As 
above 
(Table 
4.2) 

Domestic Gas Switching gas boilers to air 
source heat pumps 

As above (Table 4.2) 
(213,000 homes).  

£112,114,693 0.010 10,705,187,177 Y As 
above 
(Table 
4.2) 

Domestic 
combustion 

Fitting solid wall insulation 
to homes with solid walls 

As above (Table 4.2) 
(686,000 homes).  

£183,430,027 0.015 12,482,441,451 Y  

Resuspension Road spraying As above (Table 4.2) (31% 
BBAU for the 15,000 km of 
London roads). 

£29,513,656 0.002 17,192,192,451 N.A. As 
above 
(Table 
4.2) 
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4.2 PM2.5 concentration cost curve 

4.2.1 Cost curves 

The cost curves generated from the modelling for 2020, 2025 and 2030 are shown below in Figure 4.1, 

Figure 4.2 and Figure 4.3. The minimum PM2.5 concentration achievable in London through the 

application of these measures is 12.8 µg/m3 in 2020, 12.9 µg/m3 in 2020, 11.9 µg/m3 in 2025 and 11.0 

µg/m3 in 2030. The measures achieve a 40% reduction in local primary PM2.5; from 6.0 µg/m3 down to 3.4 

µg/m3 by 2030.  

Alternatively, concentrations of 13.0 µg/m3 in 2020, 12.0 µg/m3 in 2025 and 11.1 µg/m3 in 2030 can be 

achieved for significantly lower costs, as several relatively expensive measures are required to reduce the 

final 0.1 µg/m3 in each year, based on the measures included in the modelling.  

Reading from right to left on these graphs, the starting point represents the business as usual 

concentration and each point on the curve represents a measure and the associated ambient PM2.5 

concentrations that would be achieved after take up of the measure. The final point on the curve 

represents the minimum PM2.5 concentration achievable through the application of all measures identified 

in the model. 

Figure 4.1 Cost curve for average PM2.5 concentration in London in 2020 

Figure 4.2 Cost curve for average PM2.5 concentration in London in 2025 
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Figure 4.3 Cost curve for average PM2.5 concentration in London in 2030 

4.3 Additional reductions  

WHO advocate a PM2.5 concentration of 10 μg/m3 or below.  Implementation of the measures identified in 

the quantitative modelling would enable significant progress towards such a target.  There are several 

additional factors and measures which could contribute to further reductions to those quantified in the 

modelling. 

4.3.1 Impact of NECD on baseline 

Since the development of the LAEI (2013) emission projections underlying this assessment there has 

been an extension to the National Emissions Ceiling Directive (NECD). Under this EU Directive 

2016/2284/EU, which is required to be transposed into UK law by 1 July 2018, the UK is legally bound to 

reduce emissions of PM2.5 (in tonnes) by 46% in 2030, compared to a 2005 baseline. The measures 

implemented in the UK (outside London) to meet this target will lead to a reduction in the regional primary 

and secondary37 components of PM2.5 concentration in London.  These sources account for 

approximately 3.6 μg/m3 in 2030 (section 2.5).  It has not been possible to quantify the associated 

reduction due to the lack of clarity on the apportionment of emission sources in regional primary PM, 

which sources will reduce in response to NECD, and due to the complexities of secondary PM formation 

from ammonia and VOCs.  There is also likely to be some overlap between the measures considered in 

this model and those that will be implemented within London to meet the NECD target. 

4.3.2 Knock on impacts 

There are several additional wider or indirect impacts that cannot be quantified in the modelling, but may 

contribute to the PM2.5 concentration to be reduced further. Details of these are provided below: 

 Wider impacts. Some of the measures in the model (particularly those related to road 

transport) will have secondary or wider impacts that further reduce PM2.5 emissions, such as 

extending ULEZ indirectly leading to increasing modal shift from cars to bikes/foot. The 

impacts of this are too complex to quantify in the model, but are likely to reduce 

concentrations further. 

 Secondary PM. Some measures may lead to a reduction in secondary PM concentrations, 

because they abate other pollutants (e.g. VOC, SO2) which may play a role in secondary 

PM formation, in addition to the quantified primary PM2.5 reduction.  

                                                           
37 In addition to PM2.5, the NECD prescribes targets for other pollutants such as Ammonia and VOCs, which have been linked to 
secondary PM formation. 
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 Regional primary PM. Some measures, particularly transport if the altered vehicle travels 

beyond London will reduce emissions in the vicinity of London. This may reduce the 

‘regional primary PM’ component of PM2.5 in London. 

4.3.3 Additional measures.  

There are additional measures which could be implemented in order to achieve further reductions.  

Several measures identified during the literature review as likely to have potential to reduce emissions 

and PM2.5 concentration were not included in the model due to a lack of available data or quantification of 

impacts on emissions. Details of these measures are provided in Table 4.5.   

Some measures, such as traffic management, may be implemented to relocate emission sources away 

from hotspots, in order to reduce emission concentration peaks in localised areas. These measures do 

not necessarily reduce absolute emissions, and the emission reduction and associated cost are specific 

to the local scheme, so such measures are not captured in the model.  Implementation of appropriately 

targeted schemes could reduce concentrations at hotspots, thereby reducing the maximum concentration 

level in London and enabling a lower target to be achieved. Care must be taken when implementing these 

measures to ensure that the relocation of emissions does not lead to new hotspots in different locations. 
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Table 4.5 List of measures not included in the quantitative modelling but expected to have a significant impact on PM2.5 concentration 

Source Measure Measure description Reason for not including in the 
model 

Reference 

Road transport  Improve walking and cycle 
infrastructure and hold information 
campaigns to encourage a modal shift 
to cycling and walking from road 
transport 

Various infrastructure expansions can 
encourage users to replace road 
vehicle journeys with bike and foot 
journeys 

The impacts of modal shift are difficult 
to quantify.  

https://www.rbkc.gov.uk/pdf/air_quality
_cost_effective_actions_full_report.pdf  

Road transport Demand management measures to 
reduce travel demand 

Measure such as tele-working and 
urban planning can reduce the need 
for people to travel, which in turn 
reduces emissions from transport. 

The impacts of demand management 
are difficult to quantify. 

https://uk-
air.defra.gov.uk/assets/documents/rep
orts/cat05/1605120947_AQ0959_sum
mary_report%E2%80%93exploring_a
nd_appraising_measures_to_improve

_air_quality.pdf 

Road transport Traffic managements measures Various measures can be 
implemented to manage traffic. These 
include extending the congestion 
charge zone, policing red routes, 
intelligent traffic lights and lower 
speed limits. This is likely to have a 
knock on effect of reduced emissions 
in hot spots as there is less idling and 
congestion. 

The effects on PM2.5 concentrations of 
these measures are hard to quantify, 
as the location of traffic emissions is 
changed, but the absolute quantity is 
not reduced. Care must be taken with 
these measures to ensure that traffic 
emissions are displaced from hotspots 
to areas where concentrations are 
low, rather than to other hotspots.   

http://laqm.defra.gov.uk/documents/Lo
cal_measures_for_PM10_hotspots_in_
London.pdf 

Cars Modal shift to public transport Information campaigns and 
investment in infrastructure can target 
a switch in the use of personal 
transport such as cars to public 
transport. 

The impacts of modal shift are difficult 
to quantify. 

https://uk-
air.defra.gov.uk/assets/documents/rep
orts/cat05/1605120947_AQ0959_sum
mary_report%E2%80%93exploring_a
nd_appraising_measures_to_improve

_air_quality.pdf 

Petrol cars  (exhaust) ULEZ extension from Central London 
to Inner London 

The ULEZ imposes a Euro 4 standard 
on all petrol cars in central London. 
The scheme could be extended to 
include Inner London. 

Euro 4 for petrol cars does not impose 
a limit on overall particulate emissions 
(although it does impose a limits for 
HCs, a component of PM, but it was 
not possible to quantify the impact on 
overall PM2.5). The impact that 
extending the ULEZ for these vehicles 
would have on PM2.5 emissions is 
therefore not clear. 

https://www.london.gov.uk/press-
releases/mayoral/mayor-unveils-

action-plan-to-battle-toxic-air  

https://www.rbkc.gov.uk/pdf/air_quality_cost_effective_actions_full_report.pdf
https://www.rbkc.gov.uk/pdf/air_quality_cost_effective_actions_full_report.pdf
https://uk-air.defra.gov.uk/assets/documents/reports/cat05/1605120947_AQ0959_summary_report%E2%80%93exploring_and_appraising_measures_to_improve_air_quality.pdf
https://uk-air.defra.gov.uk/assets/documents/reports/cat05/1605120947_AQ0959_summary_report%E2%80%93exploring_and_appraising_measures_to_improve_air_quality.pdf
https://uk-air.defra.gov.uk/assets/documents/reports/cat05/1605120947_AQ0959_summary_report%E2%80%93exploring_and_appraising_measures_to_improve_air_quality.pdf
https://uk-air.defra.gov.uk/assets/documents/reports/cat05/1605120947_AQ0959_summary_report%E2%80%93exploring_and_appraising_measures_to_improve_air_quality.pdf
https://uk-air.defra.gov.uk/assets/documents/reports/cat05/1605120947_AQ0959_summary_report%E2%80%93exploring_and_appraising_measures_to_improve_air_quality.pdf
https://uk-air.defra.gov.uk/assets/documents/reports/cat05/1605120947_AQ0959_summary_report%E2%80%93exploring_and_appraising_measures_to_improve_air_quality.pdf
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Source Measure Measure description Reason for not including in the 
model 

Reference 

Taxi Exhaust Zero emission capable taxis  All new vehicles licensed for the first 
time as a private hire vehicles (PHV) 
required to meet approved zero 
emission capable requirements from 
2018. 

Uncertainty over a suitable BBAU and 
abatement efficiency values for this 
measure e.g. requires assumptions to 
be made for the time/distance vehicles 
operate in zero emission mode, what 
is a realistic uptake of this measure 
beyond the BAU etc.  

https://tfl.gov.uk/info-for/media/press-
releases/2015/october/mayor-and-tfl-

finalise-ulez-requirements-for-taxi-
and-minicab-trades. 

Buses  (exhaust) Optimise hybrid bus emissions for 
urban duty cycles, including geo-
fencing 

The emissions profile of hybrid buses 
can be optimised by the engine 
computer to ensure emissions are 
minimised when operating an urban 
duty cycle. This can include geo-
fencing, whereby the hybrid mode of 
the bus is engaged through GPS 
when entering an emissions hotspot. 

No cost data was available for this 
measure. In addition, the effects of 
geo-fencing are hard to quantify 
because total emissions are not 
reduced, the emissions are only 
shifted to another location. Care must 
be taken to ensure that geo-fencing 
displaces emissions from hotspots to 
areas of low PM2.5 concentrations, 
rather than to other hotspots. 

https://uk-
air.defra.gov.uk/assets/documents/rep
orts/cat05/1605120947_AQ0959_sum
mary_report%E2%80%93exploring_a
nd_appraising_measures_to_improve

_air_quality.pdf 

Road transport ESP (tunnels and roads) Electrostatic precipitators can be fitted 
to particulate emissions hotspots to 
abate emissions and reduce exposure 
to those in the area. 

No cost or emissions data is available 
for this measure. 

http://laqm.defra.gov.uk/documents/Lo
cal_measures_for_PM10_hotspots_in_
London.pdf 

Road transport (road and tyre wear) Surfaces with reduced rolling 
resistance 

Alternative substances to asphalt can 
be used to coat road surfaces to 
reduce tyre wear from vehicles. 

No cost data was available for this 
measure. 

http://laqm.defra.gov.uk/documents/Lo
cal_measures_for_PM10_hotspots_in_

London.pdf 

Resuspension Vehicle washing Regularly washing vehicles can 
reduce dust build up that contributes 
to resuspension. 

The extent to which this is already 
practised and its impacts on PM2.5 

emissions are unclear. 

http://laqm.defra.gov.uk/documents/Lo
cal_measures_for_PM10_hotspots_in_
London.pdf 

Industrial NRMM (petrol) Installation of catalysts in small 
industrial petrol engines (<19kW). 
[Applies to non-handheld] 

Replacement of existing non handheld 
equipment with new equipment (with 
catalyser). 

The measure primarily abates VOCs 
but also some PM. It only applies to 
small petrol fired NRMM and it is not 
clear what proportion of NRMM 
emissions in London come from these 
types of units. 

MPMD 
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Source Measure Measure description Reason for not including in the 
model 

Reference 

Rail Install auxiliary power units for 
stationary diesel locomotives 

Auxiliary power units can be used to 
provide electricity to stationary diesel 
locomotives in London stations. This 
reduces emissions whilst the trains 
are stationary. 

The extent to which this is already 
practised is unclear. 

https://www.rbkc.gov.uk/pdf/air_quality
_cost_effective_actions_full_report.pdf 

Domestic and commercial 
combustion 

CSH or BREEAM Level 4 compliance New buildings in London can be 
required to comply with sustainability 
standards such as CSH or BREEAM 
that will reduce emissions over the 
lifetime of the building 

No cost data was available for this 
measure. Additionally, the extent to 
which this is already required is 
unclear. 

https://www.rbkc.gov.uk/pdf/air_quality
_cost_effective_actions_full_report.pdf 

Domestic combustion Increased uptake of low emissions 
appliances for the combustion of 
biomass 

The use of wood as a fuel in homes is 
increasing as a result of the 
Renewable Heat Incentive (RHI). 
Biomass combustion produces 
significant PM2.5 emissions. A low 
emissions appliance can be used 
which minimises PM2.5 emissions. 
There is evidence to show that such 
an appliance would achieve 
approximately 93g/GJfuel PM2.5 
(EMEP 2013 – Small Combustion38). 

No clear cost or uptake data is 
available for this measure. 

http://www.eea.europa.eu/publications
/emep-eea-guidebook-2013 

                                                           
38 http://www.eea.europa.eu/publications/emep-eea-guidebook-2013 
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4.3.4 Biomass combustion and cooking sensitivity test 

As explained in Section 2.6.1, biomass combustion and cooking are potentially significant sources of PM 

emissions, estimated to contribute 1.07 μg/m3 and 0.84 μg/m3 respectively.  It is probable that the emissions 

are captured in the monitored data against which the baseline projection is calibrated.  However, these 

sources are not explicitly included in the LAEI source apportionment used for this assessment.   

Given the uncertainty in the emission estimates and the inconsistency in coverage of the datasets underlying 

the baseline, specific measures for reducing these emissions have not been included in the modelling.  

However, there are opportunities to reduce biomass and reduce cooking emissions, for example through 

electrification and air extraction with filtration, to decrease the concentration associated with these sources. 

To test the sensitivity of the analysis to the inclusion of biomass and cooking, an adjustment was made to the 

baseline source apportionment to insert the 1.91 μg/m3 from these sources.  Consequently, the contribution 

from all other sources was reduced by 34% in 2030, as the total local primary PM2.5 component is 5.6 μg/m3.  

This adjustment also reduces by 34% the reduction that can be achieved by the modelled measures applied 

to the other sources.  This results in a concentration of 11.7 μg/m3, instead 11.0 μg/m3, in 2030.  If a 

measure is then introduced to stop biomass combustion this would enable a concentration of 10.6 μg/m3 to 

be reached.  If measures are also added to reduce cooking emissions this could further reduce the 

achievable concentration. 

An alternative approach for the sensitivity test is to assume that the LAEI source “residual: unattributed 

sources of PM”, which in 2030 accounts for 0.8 μg/m3, is due to some of the emissions associated with 

biomass and cooking.  Following a similar process of adjustments and stopping biomass combustion, a 

concentration of 10.4 μg/m3 could be achieved, or potentially lower if cooking emissions are also abated.   

The uncertainties and assumptions underlying these data prevent a robust analysis.  These sensitivity tests 

are presented only as an indication of the uncertainty associated with the biomass combustion and cooking 

emissions data which underlies this assessment. 

4.4 Cost-benefit analysis 

As stated in the methodology, this cost benefit analysis considers only the societal benefits of reducing 
emissions of PM10, CO2 and NOX.  For certain abatement measures included in the assessment, data were 
not available on the impact on other emissions and therefore the benefits in these cases are understated.  
Many of the measures considered in the report will result in abatement of additional pollutants including CO, 
black carbon and VOCs, and the benefits of these reductions have not been monetised. Furthermore, 
several measures considered in the report will result in emissions reductions not just in London but also 
across the UK because they involve reducing emissions from vehicles and mobile machinery which are likely 
to also operate outside of London. However, only the emissions reductions achieved in London have been 
considered, as the model is based on the LAEI. The benefits for these measures have therefore been 
underestimated. Further details are provided for each measure for 2020, 2025 and 2030 in Table 4.6,  

       

Table 4.7 and Table 4.8 below. Finally, several measures identified in this report are not suitable for this 

cost-benefit analysis because they have an impact on PM2.5 concentration or exposure, but not an absolute 
emissions reduction in tonnes. Due to these factors, BCRs have been included for each measure in this 
report for illustrative purposes only. No measures have been excluded from the cost curve on the basis of 
their BCR. 
 
It should also be noted that damage cost functions (DCF) are expected to generally underestimate the 
societal benefits gained through the abatement of pollution. The DCFs applied do not consider total 
damages, as there are additional wider impacts which were not included in their formulation. A detailed 
discussion of which factors have been incorporated within the DCFs employed in this study is included in 
Defra’s report33.  
 

Table 4.6,  
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Table 4.7 and Table 4.8 display the monetised air quality benefits and the quantities of NOX, PM10 and CO2 

abated by each measure in London in 2020 /2025 /2030. A BCR cannot be derived for measures that have 

negative costs, therefore these have simply been indicated as having an ‘overall benefit’. Measures for which 

the cost-benefit analysis could not be applied because they impact concentration or exposure but not 

absolute emissions have been indicated ‘CBA not applicable’. 

Based on the results of this analysis, 10-12 measures have a BCR of less than one, which implies that their 

costs may outweigh their benefits. However, 8-10 of these measures are applied to vehicles, rail, shipping or 

mobile machinery and hence the emissions reductions are underestimated, because they do not consider 

the emissions reductions achieved when these vehicles or equipment are outside of London. Additionally, 

many of these measures (e.g. vehicle Euro standards) limit emissions of additional pollutants which have not 

been considered in this analysis, such as VOCs and CO. The only measures which have a BCR of less than 

1 and are applied to stationary sources are solid wall insulation (SWI) and air source heat pumps. There is a 

possibility that the costs of these measure may outweigh the benefits because they are expensive to retrofit, 

particularly in London due to the old and irregular housing stock. In the case of SWI, much of the easy and 

cheap to treat homes have already been fitted. However, the costs for these measures will vary significantly 

on a site-by-site basis and because damage cost functions do not capture the full benefits of emissions 

reductions, therefore they have been retained in the cost curves.  

Table 4.6 List of measures, their quantity of additional pollutants abated and their benefit-cost ratio in 
2020 

Source Measure NOX abated (t/yr) PM10 
abated 
(t/yr) 

CO2 
abated 
(t/yr) 

Total 
monetised 
benefits 
2020 (£/yr) 

BCR 

Domestic 
combustion 

Fitting cavity wall 
insulation to 
homes with cavity 
walls 

149.99 2.4 194,804 £23,168,773 overall benefit 

HGVs and 
buses 
(exhaust and 
brake) 

Eco-driving 
training for 
existing drivers 

N/a   3.0 14,064 £1,184,959 overall benefit 

LGVs 
(exhaust and 
brake) 

Eco-driving 
training for 
existing drivers 

N/a   1.9 5,998 £551,562 overall benefit 

Cars and taxis 
(exhaust and 
brake) 

Eco driving 
training for 
existing drivers 

N/a  6.5 22,582 £2,042,039 overall benefit 

Diesel car 
(exhaust) 

Replace new 
diesel cars with 
new petrol cars 
instead 

560.74 9.7 30,494 £39,418,346 overall benefit 

Tyre wear Low wear tyres  0 6.9 0  £543,246 CBA not 
applicable 

Commercial 
combustion 

ESP 0  93.2 0  £7,298,815 42.71 

Industry Part 
B 

Combined PM 
control (Part B 
processes) - dust 

0  4.7 0 £364,814 12.58 
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Source Measure NOX abated (t/yr) PM10 
abated 
(t/yr) 

CO2 
abated 
(t/yr) 

Total 
monetised 
benefits 
2020 (£/yr) 

BCR 

suppression using 
a combination of 
techniques as 
applicable to the 
site 

Shipping Retrofitting DPFs  0 25.5 0 £1,994,574 0.82 

Rail Diesel Particulate 
Filters 

 0 22.1 0 £1,728,657 0.97 

NRMM Retrofitting DPF 
to all NRMM 

0  117.1 0 £9,171,060 0.60 

Taxi (exhaust) Prevent   at taxi 
ranks 

5.10 1.9 7,920 £1,015,125 8.25 

Cars Expanding car 
club schemes  

1099.91 54.0 1,037,646 £146,289,947 29.29 

Diesel cars 
(exhaust and 
brake) 

Replacing new 
diesel cars with 
hybrid petrol cars  

286.26 19.5 18,514 £21,459,056 3.80 

Petrol cars 
(exhaust and 
brake) 

Replacing new 
petrol cars with 
hybrid cars 

42.04 9.2 41,088 £6,247,710 1.99 

Diesel LGVs 
(exhaust and 
brake) 

Replacing new 
diesel LGVs with 
diesel hybrid 
LGVs 

36.92 5.1 9,895 £3,476,597 0.27 

Diesel cars 
(exhaust and 
brake) 

Replacing new 
diesel cars with 
electric cars  

116.36 7.1 36,302 £10,612,210 0.63 

Diesel LGVs 
(exhaust and 
brake) 

Replacing new 
diesel LGVs with 
electric LGVs  

37.30 2.5 16,492 £3,747,881 0.49 

Diesel car 
(exhaust) 

Extend ULEZ 
requirements for 
diesel cars from 
Central London to 
Inner London39 

943.17 20.9 n/a   £63,182,683 0.46 

Petrol cars 
(exhaust and 
brake) 

Replacing new 
petrol cars with 
electric cars 

25.02 4.1 44,181 £4,944,103 0.36 

HGVs, non-
TfL buses and 

Extend ULEZ 
requirements for 
these vehicles 

296.67 2.7 n/a   £19,570,066 0.63 

                                                           
39 Our assessment of ULEZ extension of ULEZ extension is not based on detailed transport modelling.  An 
adjustment is made to the LAEI emissions based on the assumption that 80% of vkms in pre-Euro 6 cars are 
replaced with Euro 6 cars, and that this results in an emission reduction not only across the inner London 
ULEZ but across the whole of London. 



 52 © Amec Foster Wheeler Environment & Infrastructure UK Limited 

   

 
                      

   

July 2017 
Doc Ref. 34431-62-05   

Source Measure NOX abated (t/yr) PM10 
abated 
(t/yr) 

CO2 
abated 
(t/yr) 

Total 
monetised 
benefits 
2020 (£/yr) 

BCR 

coaches  
(exhaust) 

from Central 
London to 
London-wide40 

Diesel LGV 
(exhaust) 

Extend ULEZ 
requirements for 
diesel LGVs from 
Central London to 
Inner London41 

280.33 4.2 n/a   £18,620,685 0.21 

Road 
transport 

Planting 'green 
walls' near PM2.5 
hotspots 

 n/a  n/a  n/a  n/a  CBA not 
applicable 

Domestic 
combustion 

Fitting solid wall 
insulation to 
homes with solid 
walls 

414.75 6.5 538,665 £64,065,276 0.37 

Domestic Gas Switching gas 
boilers to air 
source heat 
pumps 

218.17 2.8 284,340 £33,715,504 0.46 

Resuspension Road spraying n/a  n/a  n/a  n/a  CBA not 
applicable 

       

Table 4.7 List of measures, their quantity of additional pollutants abated and their benefit-cost ratio in 
2025 

Source Measure NOX 
abated 
(t/yr) 

PM10 
abated 
(t/yr) 

CO2 abated 
(t/yr) 

Total monetised 
benefits 2025 
(£/yr) 

BCR 

Domestic 
combustion 

Fitting cavity wall 
insulation to homes 
with cavity walls 

157.69 2.3 204,989 £26,263,813 overall 
benefit 

HGVs and 
buses 
(exhaust and 
brake) 

Eco-driving training 
for existing drivers 

N/a  6.1 30,130 £2,713,063 overall 
benefit 

LGVs 
(exhaust and 
brake) 

Eco-driving training 
for existing drivers 

 N/a  2.7 9,672 £937,238 overall 
benefit 

Cars and taxis 
(exhaust and 
brake) 

Eco driving training 
for existing drivers 

 N/a  9.8 32,992 £3,231,704 overall 
benefit 

                                                           
40 As for cars, but based on the assumption that 90% of pre-Euro VI vkms are replaced with Euro VI vehicles. 
41 As for cars, but based on the assumption that 90% of pre-Euro 6 LGVs are replaced with Euro 6 LGVs. 
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Source Measure NOX 
abated 
(t/yr) 

PM10 
abated 
(t/yr) 

CO2 abated 
(t/yr) 

Total monetised 
benefits 2025 
(£/yr) 

BCR 

Diesel car 
(exhaust) 

Replace new diesel 
cars with new 
petrol cars instead 

952.48 11.3 72,142 £73,557,862 overall 
benefit 

Tyre wear Low wear tyres  0 30.4 0 £2,579,542 CBA not 
applicable 

Commercial 
combustion 

ESP 0  73.8 0  £6,258,072 37.02 

Industry Part 
B 

Combined PM 
control (Part B 
processes) - dust 
suppression using 
a combination of 
techniques as 
applicable to the 
site 

0  4.7 0  £395,290 13.63 

Shipping Retrofitting DPFs 0  28.3  0 £2,400,766 0.88 

Rail Diesel Particulate 
Filters 

0  22.0 0  £1,868,309 1.27 

NRMM Retrofitting DPF to 
all NRMM 

  117.1   £9,933,820 0.63 

Cars Expanding car club 
schemes  

1047.96 51.4 988,636 £150,427,122 31.62 

HGVs (brake) Sealed wet brakes 0  70.3 0  £5,966,015 0.33 

Buses (brake) Sealed wet brakes  0 27.5 0  £2,336,963 0.30 

Cars (brake) Sealed wet brakes 0  89.7 0  £7,613,432 0.33 

Petrol cars 
(exhaust and 
brake) 

Replacing new 
petrol cars with 
hybrid cars 

78.72 26.3 105,703 £15,491,612 1.85 

Diesel cars 
(exhaust and 
brake) 

Replacing new 
diesel cars with 
hybrid petrol cars  

486.24 35.5 43,801 £40,581,156 2.82 

LGVs (brake) Sealed wet brakes  0 85.1 0  £7,223,201 0.12 

Diesel LGVs 
(exhaust and 
brake) 

Replacing new 
diesel LGVs with 
electric LGVs  

67.26 5.7 44,921 £8,508,664 1.62 

Diesel LGV 
(exhaust) 

Extend ULEZ 
requirements for 
diesel LGVs from 
Central London to 
Inner London41 

64.08 0.4 n/a  £4,562,099 4.02 

Diesel car 
(exhaust) 

Extend ULEZ 
requirements for 
diesel cars from 
Central London to 
Inner London39 

194.47 1.9 n/a  £13,909,268 2.69 
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Source Measure NOX 
abated 
(t/yr) 

PM10 
abated 
(t/yr) 

CO2 abated 
(t/yr) 

Total monetised 
benefits 2025 
(£/yr) 

BCR 

HGVs, non-
TfL buses and 
coaches  
(exhaust) 

Extend ULEZ 
requirements for 
these vehicles from 
Central London to 
London-wide40 

44.76 0.6 n/a  £3,216,081 1.09 

Diesel cars 
(exhaust and 
brake) 

Replacing new 
diesel cars with 
electric cars  

197.66 12.7 85,883 £21,304,855 0.86 

Diesel LGVs 
(exhaust and 
brake) 

Replacing new 
diesel LGVs to 
diesel hybrid LGVs 

66.58 12.4 26,953 £7,720,303 0.22 

Buses 
(exhaust and 
brake) 

New electric buses 
instead of diesel 

23.74 1.2 11,344 £2,603,801 0.56 

Petrol cars 
(exhaust and 
brake) 

Replacing new 
petrol cars with 
electric cars 

46.86 11.6 113,659 £12,569,264 0.34 

Buses 
(exhaust and 
brake) 

New hydrogen fuel 
cell buses instead 
of diesel 

33.23 1.2 13,832 £3,461,313 0.22 

Road 
transport 

Planting 'green 
walls' near PM2.5 
hotspots 

n/a  n/a n/a £0 CBA not 
applicable 

Domestic Gas Switching gas 
boilers to air 
source heat pumps 

229.93 2.9 299,705 £38,323,059 0.52 

Domestic 
combustion 

Fitting solid wall 
insulation to homes 
with solid walls 

436.05 6.3 566,826 £72,623,546 0.42 

Resuspension Road spraying n/a  n/a n/a £0 CBA not 
applicable 

 

 

Table 4.8 List of measures, their quantity of additional pollutants abated and their benefit-cost ratio in 
2030 

Source Measure NOX 
abated 
(t/yr) 

PM10 
abated 
(t/yr) 

CO2 abated 
(t/yr) 

Total monetised 
benefits 2030 (£/yr) 

BCR 

Domestic 
combustion 

Fitting cavity 
wall insulation 
to homes with 
cavity walls 

163.60 2.1 212,743 £29,454,678 overall benefit 

HGVs and 
buses (exhaust 
and brake) 

Eco-driving 
training for 

n/a  7.4 37,488 £3,555,869 overall benefit 
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Source Measure NOX 
abated 
(t/yr) 

PM10 
abated 
(t/yr) 

CO2 abated 
(t/yr) 

Total monetised 
benefits 2030 (£/yr) 

BCR 

existing 
drivers 

LGVs (exhaust 
and brake) 

Eco-driving 
training for 
existing 
drivers 

 n/a  3.4 11,836 £1,222,090 overall benefit 

Cars and taxis 
(exhaust and 
brake) 

Eco driving 
training for 
existing 
drivers 

 n/a  11.9 38,787 £4,088,187 overall benefit 

Tyre wear Low wear 
tyres 

0  31.3 0   £3,009,113 CBA not 
applicable 

Commercial 
combustion 

ESP 0   69.6 0   £6,694,167 41.98 

Industry Part B Combined PM 
control (Part B 
processes) - 
dust 
suppression 
using a 
combination 
of techniques 
as applicable 
to the site 

0   4.7 0  £448,227 15.46 

Rail Diesel 
Particulate 
Filters 

0   21.9 0  £2,109,846 1.85 

Shipping Retrofitting 
DPFs 

0  30.4 0  £2,921,048 1.00 

Buses (brake) Sealed wet 
brakes 

0  96.5 0  £9,285,663 1.15 

Cars Expanding car 
club schemes  

993.91 48.8 937,648 £155,478,696 34.45 

NRMM Retrofitting 
DPF to all 
NRMM 

0  117.1 0  £11,264,163 0.68 

Cars (brake) Sealed wet 
brakes 

0  322.5 0  £31,026,188 1.11 

HGVs (brake) Sealed wet 
brakes 

0  116.9 0  £11,251,740 0.67 

Petrol cars 
(exhaust and 
brake) 

Replacing 
new petrol 
cars with 
hybrid cars 

129.51 45.7 171,677 £27,795,943 2.05 

Diesel cars 
(exhaust and 
brake) 

Replacing 
new diesel 
cars with 

356.28 28.8 40,125 £34,379,923 2.53 
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Source Measure NOX 
abated 
(t/yr) 

PM10 
abated 
(t/yr) 

CO2 abated 
(t/yr) 

Total monetised 
benefits 2030 (£/yr) 

BCR 

hybrid petrol 
cars  

LGVs (brake) Sealed wet 
brakes 

 0 146.6 0 £14,104,947 0.17 

Diesel LGVs 
(exhaust and 
brake) 

Replacing 
new diesel 
LGVs with 
electric LGVs  

86.11 7.4 72,711 £13,130,505 overall benefit 

Diesel car 
(exhaust) 

Replace new 
diesel cars 
with new 
petrol cars 

1005.27 10.6 107,394 £89,764,182 2.42 

Diesel cars 
(exhaust and 
brake) 

Replacing 
new diesel 
cars with 
electric cars  

235.34 16.5 127,850 £30,147,844 0.96 

Petrol cars 
(exhaust and 
brake) 

Replacing 
new petrol 
cars with 
electric cars 

77.09 19.9 184,599 £22,095,580 0.54 

Diesel LGVs 
(exhaust and 
brake) 

Replacing 
new diesel 
LGVs with 
diesel hybrid 
LGVs 

85.25 19.2 43,627 £11,993,276 0.20 

Buses (exhaust 
and brake) 

New electric 
buses instead 
of diesel 

1.83 0.4 5,170 £578,789 0.28 

Buses (exhaust 
and brake) 

New hydrogen 
fuel cell buses 
instead of 
diesel 

3.15 0.4 5,840 £732,963 0.12 

Road transport Planting 
'green walls' 
near PM2.5 
hotspots 

n/a   n/a  n/a  £0 CBA not 
applicable 

Domestic Gas Switching gas 
boilers to air 
source heat 
pumps 

378.41 4.8 493,276 £68,207,578 0.61 

Domestic 
combustion 

Fitting solid 
wall insulation 
to homes with 
solid walls 

489.03 6.4 635,943 £88,047,379 0.48 

Resuspension Road spraying n/a   n/a  n/a  £0 CBA not 
applicable 
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5. Conclusions and recommendations 

The highest annual mean PM2.5 concentration to which Londoners are frequently exposed, was projected to 

be 14.0 µg/m3 in 2020, 13.6 µg/m3 in 2025 and 13.2 µg/m3 in 2030, through an assessment of both 

monitored and modelled data. The sources that contribute to this concentration were identified and it was 

estimated that approximately 6.0 µg/m3 in 2020, 5.9 µg/m3 in 2025 and 5.6 µg/m3 in 2030 were derived from 

human-related primary PM emissions within London (termed the ‘local component’). The rest of the 

contributions come from natural sources, secondary formation in the atmosphere, residual sources and 

primary emissions from outside London. 

27 – 33 measures were developed that targeted reductions in the local component of PM2.5 concentration. 

Through their combined application, it was estimated that the highest frequent PM2.5 exposure concentrations 

in London could be reduced by 1.1 – 2.0µg/m3 to 12.9 µg/m3 in 2020, 11.9 µg/m3 in 2025 and 11.0 µg/m3 in 

2030, with similar proportional reductions in other locations.  The measures achieve a 40% reduction in local 

primary PM2.5; from 5.6 µg/m3 down to 3.4 µg/m3 by 2030.  It is estimated that this will cost approximately 

£600-700m/year, equivalent to approximately £70-80/year/Londoner42. Alternatively, concentrations of 13.0 

µg/m3 in 2020, 12.0 µg/m3 in 2025 and 11.1 µg/m3 in 2030 may be achieved for around £50-200m/year 

(approximately £5-25/year/Londoner) as several relatively expensive measures are required to reduce the 

final 0.1 µg/m3 in each year. 

It should be noted that the application of these measures may not bring 100% of locations in London into 

compliance with the concentrations stated. Concentrations at a small number of locations in close proximity 

to major emission sources, such as busy road intersections, will be reduced to some extent by the measures 

modelled, but may not become compliant with the stated concentrations. The simple modelling approach in 

this study is based on the average source apportionment for the highest points, whereas the actual main 

emitting sources in a small number of locations could be significantly different to the average, and therefore 

not all of the measures identified will be applicable.  Conversely, some measures will achieve a greater 

reduction than modelled where applied to a source with a higher contribution than average.  Additional 

localised measures, which have not been quantified in the modelling, would be required to bring these 

hotspots into compliance. Care should be taken when implementing these local measures to ensure 

emissions are not moved from one hotspot to another. Further details of these measures and the reasoning 

for not including them in the modelling are given in Table 4.5. 

In addition to localised measures that target PM2.5 hotspots, a variety of other measures and wider impacts 

expected to have a significant impact on PM2.5 concentrations were identified in the literature, but were not 

included in the modelling, primarily due to a lack of available data. For example, there are particular 

opportunities around biomass combustion and cooking, and potential for emerging measures to reduce 

brake and tyre wear. Details of these can be found in Section 4.3.  

Acknowledging these additional factors and measures, it is likely to be viable for a target concentration of 

10.0 µg/m3 in 2030 to be achievable and/or that 11.0 µg/m3 could be met at lower cost if significant action is 

taken in advance of 2030 (including localised measures to target hotspots) and if the right European and 

national action is taken. 

This study is a high level top down analysis drawing from a range of existing information sources.  There are 

potential compatibility issues with these different information sources.  The most significant limitation is the 

use of LAEI projected emissions to establish source apportionment, which do not include certain emission 

sources such as domestic biomass combustion, and calibration against real life monitored data which does 

capture emissions from these sources.  Furthermore, there is uncertainty over the BAU uptake of certain 

measures reflected in the baseline projected emissions and therefore a risk of under or over stating the 

potential beyond business as usual uptake.  The conclusions of this study should be taken to be indicative of 

the overall reductions which could be achieved and potential measures which would help to achieve this.  

More detailed bottom up modelling, particularly for road traffic, is recommended to provide more accurate 

feasibility assessment for specific measures.   

                                                           
42 Assuming a population of 8.67m 
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Finally, it should be noted that while this assessment has given some consideration to achievable uptakes of 

measures, it has not explored in detail the policies that may be required to incentivise or enforce the level of 

uptake of these measures that will be required to meet the stated target.  The development of the London 

Environment Strategy (LES) presents the opportunity for such additional action to be set out.   

Table 5.1,Table 5.2 and Table 5.3 present the cumulative cost and concentration reduction achieved by each 

measure in 2020, 2025 and 2030 respectively. 

Table 5.1 List of measures included in the model and their cumulative costs and impact on PM2.5 
concentration in 2020 

Source Measure Cumulative cost (£/year) PM2.5 concentration 
(µg/m3) after take up 

Domestic combustion Fitting cavity wall insulation 
to homes with cavity walls 

043 14.0 

HGVs and buses (exhaust 
and brake) 

Eco-driving training for 
existing drivers 

0  13.9 

LGVs (exhaust and brake) Eco-driving training for 
existing drivers 

0  13.9 

Cars and taxis (exhaust 
and brake) 

Eco driving training for 
existing drivers 

0  13.9 

Diesel car (exhaust) Replace new diesel cars 
with new petrol cars instead 

0  13.9 

Tyre wear Low wear tyres 0  13.9 

Commercial combustion ESP 170,910  13.6 

Industry Part B Combined PM control (Part 
B processes) - dust 
suppression using a 
combination of techniques 
as applicable to the site 

199,911  13.6 

Shipping Retrofitting DPFs 2,645,214  13.5 

Rail Diesel Particulate Filters 4,430,335  13.5 

NRMM Retrofitting DPF to all 
NRMM 

19,767,719  13.2 

Cars Expanding car club 
schemes  

24,761,605 13.1 

Diesel cars (exhaust and 
brake) 

Replacing new diesel cars 
with hybrid petrol cars  

30,402,805 13.0 

Petrol cars (exhaust and 
brake) 

Replacing new petrol cars 
with hybrid cars 

33,536,769 13.0 

Diesel LGVs (exhaust and 
brake) 

Replacing new diesel LGVs 
with diesel hybrid LGVs 

46,377,604 13.0 

Diesel cars (exhaust and 
brake) 

Replacing new diesel cars 
with electric cars  

63,194,386 13.0 

                                                           
43 Costs are negative as the measure results in a significant fuel saving, but have been presented as 0 for the purposes of this analysis. 
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Source Measure Cumulative cost (£/year) PM2.5 concentration 
(µg/m3) after take up 

Diesel LGVs (exhaust and 
brake) 

Replacing new diesel LGVs 
with electric LGVs  

70,917,451 13.0 

Diesel car (exhaust) Extend ULEZ requirements 
for diesel cars from Central 
London to Inner London 

207,434,013 12.9 

Petrol cars (exhaust and 
brake) 

Replacing new petrol cars 
with electric cars 

221,163,144 12.9 

HGVs, non-TfL buses and 
coaches  (exhaust) 

Extend ULEZ requirements 
for these vehicles from 
Central London to London-
wide 

251,989,492 12.9 

Diesel LGV (exhaust) Extend ULEZ requirements 
for diesel LGVs from 
Central London to Inner 
London 

342,336,224 12.9 

Road transport Planting 'green walls' near 
PM2.5 hotspots 

363,940,306 12.9 

Domestic combustion Fitting solid wall insulation 
to homes with solid walls 

536,220,199 12.9 

Domestic Gas Switching gas boilers to air 
source heat pumps 

610,165,153 12.9 

Resuspension Road spraying 641,247,767 12.9 

Table 5.2 List of measures included in the model and their cumulative costs and impact on PM2.5 
concentration in 2025 

Source Measure Cumulative cost 
(£/year) 

PM2.5 concentration (µg/m3) after take 
up 

Domestic 
combustion 

Fitting cavity wall 
insulation to homes 
with cavity walls 

044 13.6 

HGVs and buses 
(exhaust and brake) 

Eco-driving training for 
existing drivers 

0  13.6 

LGVs (exhaust and 
brake) 

Eco-driving training for 
existing drivers 

0  13.6 

Cars and taxis 
(exhaust and brake) 

Eco driving training for 
existing drivers 

0  13.6 

Diesel car (exhaust) Replace new diesel 
cars with new petrol 
cars instead 

0  13.5 

Tyre wear Low wear tyres 0  13.4 

                                                           
44 Costs are negative as the measure results in a significant fuel saving, but have been presented as 0 for the purposes of this analysis. 
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Source Measure Cumulative cost 
(£/year) 

PM2.5 concentration (µg/m3) after take 
up 

Commercial 
combustion 

ESP 169,053  13.2 

Industry Part B Combined PM control 
(Part B processes) - 
dust suppression 
using a combination of 
techniques as 
applicable to the site 

198,054  13.2 

Shipping Retrofitting DPFs 2,914,420  13.0 

Rail Diesel Particulate 
Filters 

4,384,403  13.0 

NRMM Retrofitting DPF to all 
NRMM 

20,120,354  12.6 

Cars Expanding car club 
schemes  

24,878,368  12.6 

HGVs (brake) Sealed wet brakes 43,056,101 12.4 

Buses (brake) Sealed wet brakes 50,757,752 12.4 

Cars (brake) Sealed wet brakes 73,821,550 12.2 

Petrol cars (exhaust 
and brake) 

Replacing new petrol 
cars with hybrid cars 

82,178,788 12.2 

Diesel cars (exhaust 
and brake) 

Replacing new diesel 
cars with hybrid petrol 
cars  

96,548,960 12.2 

LGVs (brake) Sealed wet brakes 157,349,525 12.0 

Diesel LGVs 
(exhaust and brake) 

Replacing new diesel 
LGVs with electric 
LGVs  

162,614,695 12.0 

Diesel LGV (exhaust) Extend ULEZ 
requirements for 
diesel LGVs from 
Central London to 
Inner London 

163,749,944 12.0 

Diesel car (exhaust) Extend ULEZ 
requirements for 
diesel cars from 
Central London to 
Inner London 

168,922,066 12.0 

HGVs, non-TfL 
buses and coaches  
(exhaust) 

Extend ULEZ 
requirements for these 
vehicles from Central 
London to London-
wide 

171,859,467 12.0 

Diesel cars (exhaust 
and brake) 

Replacing new diesel 
cars with electric cars  

196,743,294 12.0 
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Source Measure Cumulative cost 
(£/year) 

PM2.5 concentration (µg/m3) after take 
up 

Diesel LGVs 
(exhaust and brake) 

Replacing new diesel 
LGVs with diesel 
hybrid LGVs 

232,076,156 12.0 

Buses (exhaust and 
brake) 

New electric buses 
instead of diesel 

236,757,459 12.0 

Petrol cars (exhaust 
and brake) 

Replacing new petrol 
cars with electric cars 

273,368,475 11.9 

Buses (exhaust and 
brake) 

New hydrogen fuel 
cell buses instead of 
diesel 

289,082,321 11.9 

Road transport Planting 'green walls' 
near PM2.5 hotspots 

310,686,403 11.9 

Domestic Gas Switching gas boilers 
to air source heat 
pumps 

384,631,356 11.9 

Domestic 
combustion 

Fitting solid wall 
insulation to homes 
with solid walls 

556,911,250 11.9 

Resuspension Road spraying 587,993,864 11.9 

Table 5.3 List of measures included in the model and their cumulative costs and impact on PM2.5 
concentration in 2030 

Source Measure Cumulative cost 
(£/year) 

PM2.5 concentration (µg/m3) after take up 

Domestic 
combustion 

Fitting cavity wall 
insulation to 
homes with cavity 
walls 

045 13.2 

HGVs and buses 
(exhaust and 
brake) 

Eco-driving 
training for 
existing drivers 

0  13.2 

LGVs (exhaust 
and brake) 

Eco-driving 
training for 
existing drivers 

0  13.1 

Cars and taxis 
(exhaust and 
brake) 

Eco driving 
training for 
existing drivers 

0  13.1 

Tyre wear Low wear tyres 0  13.0 

Commercial 
combustion 

ESP 159,476  12.8 

Industry Part B Combined PM 
control (Part B 
processes) - dust 

188,477  12.8 

                                                           
45 Costs are negative as the measure results in a significant fuel saving, but have been presented as 0 for the purposes of this analysis. 
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Source Measure Cumulative cost 
(£/year) 

PM2.5 concentration (µg/m3) after take up 

suppression using 
a combination of 
techniques as 
applicable to the 
site 

Rail Diesel Particulate 
Filters 

1,331,818  12.8 

Shipping Retrofitting DPFs 4,246,524  12.7 

Buses (brake) Sealed wet brakes 12,345,610  12.5 

Cars Expanding car 
club schemes  

16,858,234  12.4 

NRMM Retrofitting DPF to 
all NRMM 

33,404,256  12.1 

Cars (brake) Sealed wet brakes 61,307,370  11.7 

HGVs (brake) Sealed wet brakes 78,146,496  11.5 

Petrol cars 
(exhaust and 
brake) 

Replacing new 
petrol cars with 
hybrid cars 

91,727,007 11.4 

Diesel cars 
(exhaust and 
brake) 

Replacing new 
diesel cars with 
hybrid petrol cars  

105,338,820 11.4 

LGVs (brake) Sealed wet brakes 186,003,626 11.1 

Diesel LGVs 
(exhaust and 
brake) 

Replacing new 
diesel LGVs with 
electric LGVs  

191,160,378 11.1 

Diesel car 
(exhaust) 

Replace new 
diesel cars with 
new petrol cars 

228,201,275 11.1 

Diesel cars 
(exhaust and 
brake) 

Replacing new 
diesel cars with 
electric cars  

259,658,570 11.1 

Petrol cars 
(exhaust and 
brake) 

Replacing new 
petrol cars with 
electric cars 

300,453,371 11.0 

Diesel LGVs 
(exhaust and 
brake) 

Replacing new 
diesel LGVs with 
diesel hybrid 
LGVs 

360,296,124 11.0 

Buses (exhaust 
and brake) 

New electric 
buses instead of 
diesel 

362,347,073 11.0 

Buses (exhaust 
and brake) 

New hydrogen 
fuel cell buses 
instead of diesel 

368,594,209 11.0 
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Source Measure Cumulative cost 
(£/year) 

PM2.5 concentration (µg/m3) after take up 

Road transport Planting 'green 
walls' near PM2.5 
hotspots 

390,198,290 11.0 

Domestic Gas Switching gas 
boilers to air 
source heat 
pumps 

502,312,983 11.0 

Domestic 
combustion 

Fitting solid wall 
insulation to 
homes with solid 
walls 

685,743,011 11.0 

Resuspension Road spraying 715,256,666 11.0 
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Appendix A           
 Detailed source apportionment (based on LAEI, 2013) 

 2020 % of Local 
Contribution  

2025% of Local 
Contribution 

2030 % of Local 
Contribution 

Household and Garden 0.03% 0.03% 0.03% 

Small Waste and Accidental Fires 9.12% 9.86% 10.10% 

Agriculture 0.08% 0.10% 0.11% 

STW 0.00% 0.00% 0.00% 

WTS 0.01% 0.01% 0.01% 

Landfill 0.00% 0.00% 0.00% 

NRMM Construction 5.11% 5.22% 4.83% 

NRMM Industry 0.92% 0.91% 1.04% 

C&D Dust 0.33% 0.33% 0.32% 

Domestic Gas 2.86% 2.95% 3.38% 

Commercial Gas 4.20% 3.16% 3.69% 

Domestic Other Fuels 0.84% 0.50% 0.32% 

Commercial Other Fuels 1.13% 1.36% 0.86% 

Industry Part A 0.19% 0.25% 0.22% 

Industry Part B 4.81% 4.63% 3.94% 

Aviation 1.55% 1.10% 1.09% 

Passenger Shipping 1.54% 1.50% 1.93% 

Commercial Shipping 0.46% 2.54% 0.14% 

Rail Freight 0.15% 0.17% 0.16% 

Rail Passengers 0.71% 0.63% 0.82% 

Resuspension 2.85% 3.15% 3.27% 

Motorcycle (exhaust) 0.34% 0.28% 0.31% 

Motorcycle (brake) 0.46% 0.45% 0.53% 

Motorcycle (tyre) 0.16% 0.16% 0.18% 

Taxi (exhaust) 1.99% 0.39% 0.14% 

Taxi (brake) 2.07% 1.99% 2.35% 

Taxi (tyre) 0.84% 0.81% 0.93% 

Petrol Car (exhaust) 1.02% 1.14% 1.18% 

Petrol Car (brake) 9.73% 10.89% 11.78% 
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 2020 % of Local 
Contribution  

2025% of Local 
Contribution 

2030 % of Local 
Contribution 

Petrol Car (tyre) 4.29% 4.85% 5.23% 

Diesel Car (exhaust) 5.46% 2.64% 1.83% 

Diesel Car (brake) 8.87% 9.28% 9.29% 

Diesel Car (tyre) 4.12% 4.36% 4.36% 

Electric Car (exhaust) 0.00% 0.00% 0.00% 

Electric Car (brake) 0.09% 0.27% 0.45% 

Electric Car (tyre) 0.04% 0.12% 0.19% 

Petrol LGV (exhaust) 0.01% 0.01% 0.01% 

Petrol LGV (brake) 0.11% 0.09% 0.09% 

Petrol LGV (tyre) 0.05% 0.04% 0.04% 

Diesel LGV (exhaust) 1.79% 0.65% 0.58% 

Diesel LGV (brake) 5.17% 5.64% 5.94% 

Diesel LGV (tyre) 2.32% 2.57% 2.67% 

Electric LGV (exhaust) 0.00% 0.00% 0.00% 

Electric LGV (brake) 0.13% 0.29% 0.56% 

Electric LGV (tyre) 0.05% 0.12% 0.23% 

TfL Bus (exhaust) 0.76% 0.61% 0.38% 

TfL Bus (brake) 3.39% 3.24% 3.77% 

TfL Bus (tyre) 0.63% 0.60% 0.70% 

Non-TfL Bus and Coach (exhaust) 0.35% 0.13% 0.12% 

Non-TfL Bus and Coach (brake) 0.89% 0.87% 1.00% 

Non-TfL Bus and Coach (tyre) 0.18% 0.18% 0.20% 

Artic HGV (exhaust) 0.24% 0.21% 0.15% 

Artic HGV (brake) 1.06% 1.63% 1.51% 

Artic HGV (tyre) 0.72% 1.08% 1.01% 

Rigid HGV (exhaust) 0.88% 0.76% 0.71% 

Rigid HGV (brake) 3.95% 4.20% 4.27% 

Rigid HGV (tyre) 0.96% 1.04% 1.03% 

TOTAL 100.00% 100.00% 100.00% 
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Appendix B                      
Measures not considered in the analysis and expected to have a minor impact on 
PM2.5 concentration 

Source Measure Measure Description Reason for not including in the 
model 

Reference 

TfL buses (brake and exhaust wear) Replace new London buses with 
hybrids buses with regenerative 
breaking 

Route master buses can be upgraded 
to the latest hybrid versions. Most 
hybrid buses configurations have 
regenerative (electromagnetic) braking 
systems which reduce the need for 
use of friction braking and therefore 
reduce emissions from mechanical 
brake wear.  

This measure is already at maximum 
uptake because it is limited by the 
production capacity for hybrid Route 
master buses. All new Route master 
hybrid buses in London have 
regenerative braking, therefore this is 
included in the rollout of hybrid buses 
under BAU. 

Multi-pollutant Measures Database 
 
http://content.tfl.gov.uk/transport-
emissions-roadmap.pdf 
 
https://tfl.gov.uk/modes/driving/low-
emission-zone/about-the-
lez?intcmp=2263#on-this-page-5 

Taxis  (exhaust) Retrofit Particulate filters (DPFs) for 
Euro III and below Taxis 

diesel particulate filters can be 
retrofitted to taxis that do not have 
them 

As part of the ULEZ there are already 
ambitious requirements to reduce 
emissions from the taxi fleet. 
Therefore, it is unlikely that any taxis 
will still require DPFs by 2020. 

https://www.rbkc.gov.uk/pdf/air_quality
_cost_effective_actions_full_report.pdf 
 
http://www.healthyair.org.uk/document
s/2013/10/black-carbon-retrofit-
guidance.pdf 

NRMM Introducing Stage control limits for 
<19kW for industrial off-road 
machinery (gas oil) 

Stage controls can be applied to small 
NRMM which limit those that can be in 
operation to the least polluting and 
newest models (similar to Euro 
Standards for road vehicles) 

Manufacturers are unlikely to produce 
engines meeting such a requirement 
just for London when it is not required 
in the rest of the EU. In addition, the 
exact percentage of emissions from 
such engines is unclear, but due to 
their small size it’s likely to be a small 
proportion, so the measure would 
have little impact. 

Multi-pollutant Measures Database 
 

HGVs (refuse vehicles – exhaust) Fuel switching for refuse collection 
vehicles (RCVs) to compressed bio-
methane 

Fuels for refuse vehicles can be 
replaced with bio-methane, a low 
carbon bio-fuel produced through 
anaerobic digestion. 

There will be limited bio-methane 
infrastructure available before 2030. It 
is also unclear how much refuse 
vehicles contribute to PM2.5 
concentrations, but HGV exhaust is 
already a small source in 2030 (<1%) 
so this measure is unlikely to have a 
significant impact. 

https://www.rbkc.gov.uk/pdf/air_quality
_cost_effective_actions_full_report.pdf 



 67 © Amec Foster Wheeler Environment & Infrastructure UK Limited 

   

 
                      

   

July 2017 
Doc Ref. 34431-62-05   

Source Measure Measure Description Reason for not including in the 
model 

Reference 

Rail Electrification Rail can be electrified to reduce 
emissions from locomotives in 
London. 

A very high proportion of rail in 
London is already electrified. 
Additionally, this measure would 
overlap with DPFs for rail, which are 
already considered in the model. 

Multi-pollutant Measures Database 
 

HGVs (artic and rigid)  Shift of road freight to rail freight Freight that is currently transported by 
HGV can, in some cases, be 
transported by rail instead, which 
yields lower PM2.5 emissions per 
kilometre per tonne. 

No cost data was available for this 
measure 

Multi-pollutant Measures Database 
 

LGVs Replace last leg of business deliveries 
with a zero emissions services 

Eliminate emissions from the last leg 
of a delivery by promoting businesses 
to switch to courier services that use a 
zero emissions alternative 
(cycling/walking) for the last leg of the 
delivery 

This measure had a very low impact 
on PM emissions (<0.01tpa) 

https://www.rbkc.gov.uk/pdf/air_quality
_cost_effective_actions_full_report.pdf 

Domestic combustion 
 

Loft insulation Insulation improves the energy 
efficiency of the building, which 
reduces the annual fuel consumption 
required for heating. Less fuel 
consumption results in lower 
emissions of pollutants. 

The potential for further uptake is low, 
especially with the green deal and 
other government policies. Many lofts 
that remain uninsulated are 'hard to 
treat'. Additionally, many London 
properties are flats and are therefore 
not affected by loft insulation. 

Multi-pollutant Measures Database 
 

Domestic other fuels Fuel switch from other fuels to gas Switching the fuel fired by a domestic 
boiler to natural gas 

There is very little uptake potential for 
London as very few houses use fuels 
other than natural gas. ‘Domestic – 
other fuels’ is not a significant source 
in 2030 (<1%). 

Multi-pollutant Measures Database 
 

Taxis Replace short business taxi journeys 
with walking 

Engaging with managers in 
businesses to promote the 
replacement of short taxi journeys with 
walking. 

This measure had a very low impact 
on PM emissions (<0.01tpa) 

https://www.rbkc.gov.uk/pdf/air_quality
_cost_effective_actions_full_report.pdf 

Domestic gas and other fuels Replacement of old boilers with ultra-
low NOX devices 

Replacing old gas boilers in London 
may result in a small reduction of 
PM2.5 emissions as the combustion 
process is made more efficient. 

The impact of this measure on PM2.5 is 
small as emissions from gas fired 
boilers is minimal. This measure 
would also overlap with ASHPs, which 
are already considered in the model. 

https://www.rbkc.gov.uk/pdf/air_quality
_cost_effective_actions_full_report.pdf 

https://www.rbkc.gov.uk/pdf/air_quality_cost_effective_actions_full_report.pdf
https://www.rbkc.gov.uk/pdf/air_quality_cost_effective_actions_full_report.pdf
https://www.rbkc.gov.uk/pdf/air_quality_cost_effective_actions_full_report.pdf
https://www.rbkc.gov.uk/pdf/air_quality_cost_effective_actions_full_report.pdf
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Source Measure Measure Description Reason for not including in the 
model 

Reference 

Resuspension Street sweeping and washing Regular sweeping and washing will 
reduce the quantities of particulates 
that can be re-suspended by traffic 

This will overlap significantly with road 
spraying so would not have a 
significant impact on PM2.5 

concentration. 

https://www.rbkc.gov.uk/pdf/air_quality
_cost_effective_actions_full_report.pdf 
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