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-316 kt CO2e       +     0.34 kt NOx per TWh
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Burning hydrogen in a CCGT instead of 
methane 



-1.25 kt CO2 per kt wood

  6.75x10-3 kt PM2.5 per kt wood
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Burning wood in stoves 
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UK Health Risk Impact and Greenhouse Gas 
Emissions  1970 to 2050 

CO2e emissions (in units of 104 t/y) 

HRI (lives/year) from the UK
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UK HRI and GHG emissions 1970 to 1990

CO2e emissions (in units of 104 t/y) 

HRI (lives/year) in the UK
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UK HRI and GHG emissions 2024 to 2050 

CO2e emissions (in units of 104 t/y) 

HRI (lives/year) in the UK



𝐻𝐻𝐻𝐻𝐻𝐻𝑈𝑈𝑈𝑈 = 𝑘𝑘𝐷𝐷𝐻𝐻𝑘𝑘𝑃𝑃𝑃𝑃25 �𝜌𝜌𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 (𝑥𝑥, 𝑦𝑦)𝑃𝑃𝑃𝑃25𝑈𝑈𝑈𝑈(𝑥𝑥,𝑦𝑦)𝑑𝑑𝑥𝑥𝑑𝑑𝑦𝑦 

Annual mortality

Concentration response
 function

Population density

PM2.5 concentration

701/05/2024 Presentation2020 (includes year 2020)

Health Risk Impact (lives/year) in UK
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The UHRI is defined as the number of premature 
deaths from PM2.5 in a year,

from the emission of 1000 tonnes of each type of 
primary species (NH3, NMVOC, NOx, PM2.5 or SOx)

distributed around the UK in proportion to the 
country’s national emissions. 

01/05/2024 PresentationDMUG 9

Obtain HRI from the Unit Health Risk Impact 
UHRI 
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∆𝐻𝐻𝐻𝐻𝐻𝐻𝑈𝑈𝑈𝑈
= [𝑈𝑈𝐻𝐻𝐻𝐻𝐻𝐻𝑈𝑈𝑈𝑈 ,𝑁𝑁𝐻𝐻3 ∆𝑄𝑄𝑁𝑁𝐻𝐻3𝑈𝑈𝑈𝑈
+ 𝑈𝑈𝐻𝐻𝐻𝐻𝐻𝐻𝑈𝑈𝑈𝑈 ,𝑁𝑁𝑃𝑃𝑁𝑁𝑁𝑁𝑁𝑁∆𝑄𝑄𝑁𝑁𝑃𝑃𝑁𝑁𝑁𝑁𝑁𝑁𝑈𝑈𝑈𝑈
+ 𝑈𝑈𝐻𝐻𝐻𝐻𝐻𝐻𝑈𝑈𝑈𝑈 ,𝑁𝑁𝑁𝑁𝑥𝑥∆𝑄𝑄𝑁𝑁𝑁𝑁𝑥𝑥𝑈𝑈𝑈𝑈  

         +𝑈𝑈𝐻𝐻𝐻𝐻𝐻𝐻𝑈𝑈𝑈𝑈 ,𝑃𝑃𝑃𝑃𝑃𝑃∆𝑄𝑄𝑃𝑃𝑃𝑃𝑃𝑃2.5𝑈𝑈𝑈𝑈  

     +𝑈𝑈𝐻𝐻𝐻𝐻𝐻𝐻𝑈𝑈𝑈𝑈 ,𝑁𝑁𝐻𝐻3∆𝑄𝑄𝑆𝑆𝑁𝑁𝑥𝑥𝑈𝑈𝑈𝑈 ] 

Change in exported HRI is a linear function 
of change in UK emissions










Order of magnitude of UHRI’s
UHRINMVOC<UHRINOx<UHRISOx<UHRINH3<UHRIPPM2.5

plus UHRIPPM2.5local and UHRINO2  contributions
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Typical values of the Unit Health Risk Impact  

(lives/year/kilotonne)

For 2030 to 2050

UHRINH3=26.9, UHRINMVOC=1.5, UHRINOx=9.6, UHRINO2=12,
 UHRIPPM2.5=63.7, UHRIPPM2.5local=21.3 and UHRISOx=26.2
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UK Unit Health Risk Impacts similar to 
damage costs

But we are not doing a cost-benefit analysis
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𝐻𝐻𝐻𝐻𝐻𝐻𝑈𝑈𝑈𝑈 = [𝑈𝑈𝐻𝐻𝐻𝐻𝐻𝐻𝑈𝑈𝑈𝑈 ,𝑁𝑁𝐻𝐻3 𝑄𝑄𝑁𝑁𝐻𝐻3𝑈𝑈𝑈𝑈
+ 𝑈𝑈𝐻𝐻𝐻𝐻𝐻𝐻𝑈𝑈𝑈𝑈 ,𝑁𝑁𝑃𝑃𝑁𝑁𝑁𝑁𝑁𝑁𝑄𝑄𝑁𝑁𝑃𝑃𝑁𝑁𝑁𝑁𝑁𝑁𝑈𝑈𝑈𝑈
+ 𝑈𝑈𝐻𝐻𝐻𝐻𝐻𝐻𝑈𝑈𝑈𝑈 ,𝑁𝑁𝑁𝑁𝑥𝑥𝑄𝑄𝑁𝑁𝑁𝑁𝑥𝑥𝑈𝑈𝑈𝑈  

        +𝑈𝑈𝐻𝐻𝐻𝐻𝐻𝐻𝑈𝑈𝑈𝑈 ,𝑃𝑃𝑃𝑃𝑃𝑃𝑄𝑄𝑃𝑃𝑃𝑃𝑃𝑃2.5𝑈𝑈𝑈𝑈  

     +𝑈𝑈𝐻𝐻𝐻𝐻𝐻𝐻𝑈𝑈𝑈𝑈 ,𝑁𝑁𝐻𝐻3𝑄𝑄𝑆𝑆𝑁𝑁𝑥𝑥𝑈𝑈𝑈𝑈 ] 

Approximate exported Health Risk Impact is 
a linear function of UK emissions
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Future air pollution emissions from GHG 
emissions by economic sector

CO2e
emissions
by sector
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UK Health Risk Impact and Greenhouse Gas 
Emissions  1970 to 2050 (CO2e 10 kt/y) 

CO2e emissions (in units of 10 kt/y) 

HRI (lives/year) from the UK
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Comparison of UK HRI v GHG 1970 to 2050 
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Target in 2050 for HRI and GHG emissions 
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HRI2050 = 0.15HRI1970
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Set a target weighting on GHG’s

 UHRI*CO2e=1/10 (lives*/kt CO2e)

and the sum of GHG and HRI damage is

J = [QCO2e/10 + UHRINH3 QNH3 + UHRINMVOC QNMVOC + 
…..similar terms]

 or J = [QCO2e/10 + HRI]

Sum Damage from Health Risk Impact and 
Greenhouse Gas Emissions 
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Lines of equal damage from sum of GHG 
emissions and HRI 2020 to 2050 

J2050 = 0.075J1970
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Acceptable policies as one moves forward 
from the present 
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Good and bad pathways for new 
developments from 2024 



Assuming UHRI*CO2e=0.1 lives per kt CO2e and 
UHRINOx=15.377 lives per kt NOx

 ∆J = – 0.1 x 316 +15.377 x 0.343 = -26 lives per year 
per TWh or 300MW CCGT unit, so acceptable
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Change in joint damage H2 burning in CCGT 

NOx

CO2e



Assuming UHRIPM2.5 = 75.4 lives per kt PM2.5,
the joint damage is the sum of the ∆QCO2e decrease and the 
∆PM2.5 increase
∆J = - 0.1 x 1.25 + 75.4 x 0.00675 = +0.38 lives/kt wood
So unacceptable
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Assessment of wood burning in stoves 
current standard 

CO2e

PM2.5
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Assessment of wood burning in stoves with 
tighter standard 

The PM2.5 dis-benefit may be lower with a tighter 40% stove 
standard, then

the joint damage ∆J = +0.08 lives/kt wood - almost acceptable

CO2e
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How can policy maker judge between air 
quality and greenhouse gas emissions? 

If in the EU-27 in 2020, the number of lives lost from air 
pollution = 200,000 = 2x105 and the GHG emissions = 
3x106 kilotonnes CO2e then the joint damage condition is

                 ∆JEU27 = ∆QCO2e /15 + ∆HRI < 0

For the UK the condition is

∆J = ∆QCO2e/10 + UHRINH3 QNH3 + UHRINMVOC QNMVOC …< 0
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