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Atmospheric CO2 at Mauna Loa Observatory, Hawaii

1980: 339 ppm

2026: ~431 ppm

24% increase over my 
lifetime



Fossil fuels aren’t going away

81% fossil fuels
67% fossil fuels 60% fossil fuels

43% fossil fuels

https://corporate.exxonmobil.com/sustainability-
and-reports/global-outlook/energy-mix-projections



Energy is NOT just electricity: also transport, heat and industry
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Decarbonising fossil fuels is essential, not optional

~35 % of 
from fossil 
fuels in 
2050



Cement Industry emissions in 2024: ~2.8bn tonnes of CO2, 8% of the global total 
(Friedlingstein et al. 2024 - https://essd.copernicus.org/articles/17/965/2025/) 

If the cement industry were a country, it would be the world’s third largest emitter

https://www.carbonbrief.org/qa-why-cement-emissions-matter-for-climate-change



The net-zero energy challenge
Need ALL technologies 
available
Carbon Capture & 
Storage (CCS)
- On Power
- On Industry
- From atmosphere 
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CCS predicted to deliver 25% of reduction required (IEAGHG) 



What is Carbon Capture and Storage?



>90% CO2 reduction on site
>75% along whole
fossil fuel chain

CO2 stored in old oil fields and rocks 
containing saltwater

What is Carbon Capture and Storage?



Storing CO2 – where?

Impermeable shale layers trap CO2 – same as oil and gas



Storing CO2 – what keeps it there?

Residual CO2 dissolves in water

1. Structural trapping

2. Residual trapping

3. Dissolution trapping



Storing CO2 - how do we know it will stay stored? 

Sheep Mountain, Colorado, 
2003

Studied reservoirs have stored ~4.7 Gt of CO2 over geological timescales



Natural CO2 molecule

web.sahara.arizonia.edu

commons.wikimedia.org

www.phenomenica.com

Anthropogenic CO2 molecule

Fingerprinting CO2?



CO2 sampling and analysis



Mid ocean ridge

https://earth.boisestate.edu/dwanless/files/2016/02/DSCN0035.jpg
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How long can CO2 be stored for? 

All CO2 originates from mantle

Age of nearby volcanic rocks indicate 
CO2 filling age:

1.2 to 42 millions of years   



Negative emissions technologies

Negative emissions

Bioenergy with CCS

Limiting global warming to 
1.5°C will require CO2

removal from atmosphere



Direct air capture and CO2 mineralisation

Credit: Sandra Ósk Snæbjörnsdóttir

CO2 reacts to form new 
carbonate minerals 
underground 



Monitoring wellInjection well

CO2 and reactive 
tracer sequestered into 

carbonate minerals Remaining water has lower 
amount of CO2 and reactive 

tracer, but same amount of non-
reactive tracer

CO2 dissolved in water 
spiked with reactive and 

non-reactive tracers

Current Verification Method



12C preferentially 
sequestered into 

carbonate minerals

12C

Remaining 
CO2 enriched 
in 13C and 3He
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Inherent Tracer Verification Method
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CO2 mineralisation potential in UK



Summary
• The CO2 concentration of the atmosphere is still rising
• Global climate change is caused by cumulative emissions of CO2

• Fossil fuels are still needed for current industries, societies and livelihoods
• Carbon Capture and Storage is essential to combat climate change
→ How is CO2 stored deep underground?
Beneath impermeable seals, trapped in rock pores, dissolved and mineralised
→ How long can CO2 be stored for?
• Natural CO2 reservoirs show for millions of years 
→ Direct air capture and bioenergy with CCS can remove CO2 from atmosphere
CO2 can react with volcanic rocks to form new minerals underground for storage
→  UK volcanic rocks could potentially store >3,000 million tonnes of CO2
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