
A negative emission internal 
combustion engine vehicle?

Felix Leach

Clean Air Networks Conference, 6 July 2023



2

Pollution worldwide

• There are some very polluted places in the world
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Emissions

Where do emissions come from?
• Ideal combustion

CxHy + O2 ➔ CO2 + H2O

• Combustion in air

CxHy + [O2+(79/21)N2] ➔ CO2 + H2O + N2 

• Real combustion is hot and happens quickly

CxHy + [O2+(79/21)N2] ➔ CO2 + H2O + N2 + CO + NOx + C + CxHy +…

PollutantsGHG

Particulate
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Cleaning up these emissions

• Today these emissions are cleared by “aftertreatment”
• Historically known as a catalytic converter

• Modern internal combustion engines have excellent aftertreatment

• This leads to many vehicles having zero / “zero” pollutant emissions

Gasoline (petrol) Diesel
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Modern engines are clean – can that help?

• RDE levels measured as low as “zero” from many vehicles
• But this instrumentation has a measurement accuracy

• Given vehicles carry around a “chemical factory” can we use this 
for good – people think so!
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Methodology
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Inlet concentrations
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Outlet concentrations
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Two cases considered
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Results – typical case
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Results – extreme case
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Conclusions 

• Can a modern internal combustion engine vehicle emit less PM / 
NO2 than background – i.e. clean the air?

• YES!

• BUT: the circumstances when this happens are likely to be 
extremely limited

• However, when considering the plume of a vehicle in front (where 
data is limited) this is more likely, particularly for gross emitters

• Simple spreadsheet tool available for your own values:
• https://ars.els-cdn.com/content/image/1-s2.0-S1352231022005532-

mmc1.xlsx 

https://ars.els-cdn.com/content/image/1-s2.0-S1352231022005532-mmc1.xlsx
https://ars.els-cdn.com/content/image/1-s2.0-S1352231022005532-mmc1.xlsx
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Thank you for your attention

Felix Leach

felix.leach@eng.ox.ac.uk
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