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• “…holding the increase in the global average temperature to well 

below 2oC above pre- industrial levels and pursuing efforts to 

limit the temperature increase to 1.5oC,…”

• “…to achieve a balance between anthropogenic emissions by 

sources and removals by sinks of greenhouse gases in the second 

half of this century…”

NEED FOR CO2 REMOVAL EVEN IF DEEP EMISSION CUTS ACHIEVED

THE PARIS AGREEMENT AGREES TO TRY TO ACHIEVE NET ZERO 

EMISSIONS BY 2050-2100



Source: Victor et al (2017, Nature) Prove Paris more than Paper Promises

AND…TARGETS ARE INADEQUATE AND ACTION IS EVEN WEAKER



AND…INERTIA IS STRONG: 

THE 1.5-2oC CAPITAL STOCK HAS ALREADY BEEN BUILT

Source: Pfeiffer et al (2018, ERL) Committed emissions from existing and planned power plants

– Remaining budget for Paris is ~240GtCO2 for the power sector

– Existing assets imply future ‘committed’ emissions of ~300GtCO2

– Pipeline implies an additional committed emissions of ~270GtCO2

‘Committed emissions’ (GtCO2) to 2050



SHELL’S SKY SCENARIO (1.75OC) RELIES ON USE 

& REMOVAL OF CO2 FROM THE ATMOSPHERE

≈1.3 Gt are plastics



SHELL’S SKY SCENARIO (1.75OC) RELIES ON USE 

& REMOVAL OF CO2 FROM THE ATMOSPHERE
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SHELL’S SKY SCENARIO (1.75OC) RELIES ON USE 

& REMOVAL OF CO2 FROM THE ATMOSPHERE
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AN OMS DISCUSSION PAPER WAS COMMISSIONED IN 2017 BY

THE ROYAL SOCIETY AND THE US NATIONAL ACADEMY OF SCIENCES

Cameron Hepburn

Rethink CO2 not as a 

waste but as a valuable 

feedstock to reduce 

emissions or remove CO2



THE PAPER WAS PRESENTED AND DISCUSSED AT THE SACKLER 

FORUM

Cameron Hepburn



THE CORE OUTPUT WAS A FORMAL JOINT REPORT

OF THE UK ROYAL SOCIETY AND US NATIONAL ACADEMY

Cameron Hepburn



THE WORK THEN ADVANCED SIGNIFICANTLY IN ITALY, WHERE DR ELLA 

ADLEN PRESENTED UPDATED FINDINGS…

Cameron Hepburn
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CO2 UTILISATION IS WIDELY DEFINED AS AN INDUSTRIAL PROCESS 

THAT USES CO2 AS AN INPUT



SO THIS IS CO2 UTILISATION…

CO2



SO THIS IS CO2 UTILISATION…BUT THIS IS NOT…!?

CO2
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THREE ‘OPEN’ PATHWAYS: LARGE REMOVAL POTENTIALS AND 

STORAGE IN ‘LEAKY’ NATURAL SYSTEMS

1. Forestry techniques

– Capture and use CO2 for wood products (and standing forests)

– Forests are an established and low cost utilisation pathway

– Sustainable harvesting conditions are highly specific

– Wood products have the potential to be long-term stores of carbon (>100 years)

2. Soil carbon sequestration (SCS)

– Capture and use CO2 in soils to increase agricultural productivity

– Grow cover crops, leaving crop residues, applying manure, low or no-till

– Soil management techniques are established and profitable – uptake is an issue

– Possible co-benefits of soil health and water retention

– Questions over saturation and permanence

3. Biochar

– Capture CO2 in pyrolysed (thermochemical decomposition without O2) biomass

– Wide range of feedstocks, different products as function of process conditions

– Could improve soil health and agricultural yield; results are not yet consistent   



FOUR ‘CLOSED’ PATHWAYS: NEAR-PERMANENT STORAGE OF CO2

AFTER UTILISATION

4. Bioenergy with carbon capture and sequestration (BECCS) 

– Capture CO2 with trees and then produce electricity (with sequestration) 

– Reference technology in IPCC scenarios; land availability (and other) concerns

– No revenue typically assigned to bioenergy services in literature

5. Enhanced weathering (EW)

– Capture CO2 in rocks on agricultural lands to possibly increase productivity

– As-yet unproven co-benefits or risks

– Significant logistical and energy requirements in terms of ground rock feedstock

6. Building materials 

– CO2 used in cement and aggregates produced from carbonated industrial wastes

– Storage of CO2 lasts well beyond the lifespan of the infrastructure

– Calcination of limestone produces emissions (but could capture as Origen power) 

7. Enhanced oil recovery (EOR)

– Capture and inject CO2 into wells to get more oil out; can be net negative



THREE ‘CYCLING’ PATHWAYS: MOVING CARBON THROUGH 

INDUSTIRAL SYSTEMS OVER SHORT TIMESCALES

8. Chemical products (including polymers)

– CO2 used heavily in urea (for fertilizer), in theory 100s of products

– Polycarbonates and polyurethanes can come from CO2 with minimal retrofitting

– Can generate very high economic margins; key is further advances in catalysis

9. CO2 conversion to fuels

– Use H2 and CO2 to produce hydrocarbon fuels to address a huge technical market 

– Energy-intensive and key to competitiveness is cheap H2, which may be coming

– Direct air capture (DAC) of CO2 eventually required at reasonable cost

10. Microalgae production

– Can capture CO2 to generate fuels, electricity, food additives, fertilisers, etc. 

– No need for agricultural land, can use wastewater, flue gas

– But costs currently high & engineering economics are highly complex
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