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• ‘...air pollution may have made some contribution to the earlier deaths of up to 
200,000 people in 2008, with an average loss of life of about 2 years per death 
affected...’

• Economic cost of the order of £8-20 billion per year (from IGCB)

Particulate Matter Air Pollution 
• equivalent of 29,000 premature deaths due to breathing tiny particles released 
into the air (2008 data) 
• the average loss of life was 6 months

Nitrogen Oxide Air Pollution
• evidence is strengthening (though debates ongoing, particularly related to 

overlap with PM…)
• RCP estimate ~ 40,000 deaths

Air Pollution in the UK Today



• The UK has set a target of 80% reduction in CO2 equivalent 
emissions by 2050 (on a 1990 base)

• The sources of CO2 emissions are also sources of other 
types of air pollution

• The Climate Change Act target offers potentially the 
biggest air quality & public health improvements since the 
Clean Air Act of 1956

• BUT – the policies need to be carefully chosen to avoid 
unnecessary adverse public health impacts resulting from 
changes in air quality (e.g. minimise diesel, biomass, CHP 
use in urban centres)

UK Climate Change Act 2008



Source: M L Williams, Carbon Mngmnt, 3(5), 512-9,2012.

Trade-offs decarbonisation – air quality



• Multiple air pollutants are often produced by the same energy 
technologies (e.g. diesel and petrol cars, fossil fuel power 
plants…)

• Actions to reduce a subset of air pollution emissions could have 
impacts on other pollutants. 

• Questions become:
– By how much?
– In what case is this impact positive/negative?

What do we want to understand…



UK TIMES Model (UKTM-UCL) 
• UKTimes is the energy systems model for the UK as used by Government in assessing 

climate policies



• UK MARKAL 
– originally developed to provide insights for the UK Energy 

White Paper 2003
– adopted and developed at UCL from 2005 – 2012
– used to support the 

• 2007 Energy White Paper
• Committee on Climate Change initial report
• CCC and DECC 4th carbon budget reports 

• UK MARKAL is now being superseded by UKTM-UCL 
http://iea‐etsap.org/web/TOOLS/TIMESVsMARKAL.pdf

UKTM-UCL/UK MARKAL are central to the 
policy discourse…



• Added an air pollution emissions database for 
– Particulate matter (PM10 and PM2.5)
– Nitrogen oxides (NOx as NO2)
– Sulfur dioxide (SO2)
– Ammonia (NH3)
– Non-methane volatile organic compounds (NMVOCs)

• Included both emissions factors and damage cost values

• For emission factors (EFs), we used
– Fuel-based EFs for the agriculture, industry, process, residential, 

services, and electricity sectors
– Activity-based EFs for the transport sector, which allowed us to 

capture non-tailpipe emissions of particulate matter

Adding Air Pollution to UKTM-UCL



• UKTM-UCL can 
inventory the 
majority of NOx, SOx, 
and PM pollution

• Majority of 
unmapped PM is 
from agriculture and 
industry 

Emissions Mapping



Scenario GHG constraint Damage costs included for 
non-GHG air pollution?

Base No No

Ref 30 £/tonne – phased in 
linearly from 2015-2030

No

lowGHG 80% reduction by 2050 
compared to 1990 baseline 
with interim targets

No

Base + DAMC No Yes

Ref + DAMC 30 £/tonne – phased in 
linearly from 2015-2030

Yes

lowGHG + DAMC 80% reduction by 2050 
compared to 1990 baseline 
with interim targets

Yes

Inventory/
Accounting

Impacts the 
optimisation
results

3 decarbonisation scenarios, 
2 variations 
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Including damage costs had significant 
impacts on technology choices



• Including damage 
costs
• Signiticantly 

impacts 
technology 
choices and 
timelines

• In particular, PM 
pollution from 
residential 
sector

Damage costs particularly impacted 
emissions profiles in the medium term…



• Including damage costs
• Signiticantly impacts technology choices and timelines
• In particular – PM pollution in the residential sector

Result insights: LowGHG scenarios



Result insights: UK Road transport sector, 
LowGHG + DAMC Scenario



• Including damage costs…
• does not drive 

additional 
decarbonisation
(difference = 1-2% 
in 2050)

• Accelerates 
decarbonisation in 
ref case (30 
£/tonne)

The decarbonisation pathway looks quite 
similar across the 2 variations



Air quality modelling with a Community Multiscale Air Quality Model (CMAQ) in partnership with 
Kings College London

Soft-linking UKTM to CMAQ for spatial 
representation of pollution



CMAQ-urban ref - Beevers SD , Kitwiroon N, Williams ML, Carslaw DC. 
2012. One way coupling of CMAQ and a road source dispersion model for 
fine scale air pollution predictions. Atmospheric Environment 59, pp 47-58

Glasgow

Manchester

Birmingham

Leeds

London

*CMAQ-urban is the Community Multi-scale Air Quality 
(CMAQ) + Atmospheric Dispersion Modelling System 
(ADMS) roads model 

Preliminary results for PM emissions 
- CMAQ-urban* (20 m2 resolution)



• The UK’s Climate Change Act results in significant…
– decreases in urban concentrations of NO2 and PM 
– improvements in urban air quality for both public health and legal 

compliance

• BUT the incentivisation of biomass use will lead to an increase 
in exposure to primary PM combustion products, including 
carcinogens in the period 2030-2035

• Non-exhaust PM concentrations will probably increase 
without further intervention – how toxic are they? 

• Currently accepted metrics for long- and short-term ozone 
exposure change in different directions in future – more 
health effect evidence on a possible threshold is needed

Conclusions and Policy Messages



Thank you!

Further info: s.pye@ucl.ac.uk

Data, methods and findings published in:
Lott, M. C. et.al, 2017. Quantifying the co-impacts of energy sector 

decarbonisation on outdoor air pollution in the United Kingdom. Energy 
Policy 101, 42–51.
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