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The role of CCS in 1.5°C pathways

• CCS is a versatile technology and is deployed for different purposes:
• to limit fossil-fuel emissions in electricity generation and liquids production in the face of committed carbon from current 

and planned energy infrastructure (Tong et al. 2019)

• to decarbonize industry applications

• to remove CO2 from the atmosphere when combined with bioenergy or directly capturing CO2 from ambient air

• Very few pathways manage to reach the 1.5°C target without CCS. These typically require radical 
demand-side emissions reductions and offer carbon-neutral alternatives to liquids and gases 
that do not rely on biomass (Grübler et al. 2018, van Vuuren et al. 2018).

• Cumulative fossil and biomass CO2 stored by 2050: 0-460 GtCO2 (0-190 GtCO2 from biomass) 
across 1.5°C pathways.

• Fossil use: If 2050 coal use > 20 EJ yr-1, 33–100% is combined with CCS. Generally, more natural 
gas primary energy connected to CCS than coal primary energy in many 1.5°C pathways.
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• Insufficient storage capacity
• Cumulative CO2 storage via CCS until 2100 in 1.5°C pathways: 0-1,900 GtCO2

• IPCC Special Report on Carbon Dioxide Capture and Storage (IPCC, 2005): global technical 
potential of at least 2,000 GtCO2 storage capacity in geological formations (and much more in 
saline formations).

• Review by Dooley (2013): 3,900 GtCO2

• Kearns et al. (2017): 8,000 to 55,000 GtCO2 with potential for regional shortfalls

• Bachu (2015): storage engineering practices to extend storage capacity  

• Low capture rates: 
• Deployment of CCS on fossil use much lower in 1.5°C pathways for low capture rates

• Especially if fossil fuel lifecycle emissions remain high

• High capture rates are technically achievable now at higher cost (IEAGHG, 2006; DOE/NETL, 2013).

Some frequently raised concerns



• Only 8% of current CCS projects in the power sector; relying on EOR. more 
entry points for policy in industry with higher technical and economic feasibility 
(IPCC SR1.5 chpt. 4)

• Low public acceptance and legal hurdles, but lots of heterogeneity across 
countries (Whitmarsh et al. 2019)  deliberation, outsourcing storage

• Rising industrial production in developing countries with relatively lower 
efficiencies and different contexts with respect to technical and institutional 
feasibility (IPCC, SR1.5, chpt. 4)  cooperation

• Still high cost due to lack of commercialisation and learning  identify 
opportunities for acceleration and direct support

• No financial incentive via co-benefits  carbon pricing, subsidies, public finance

• In the absence of incentives  consider CO2 a resource???

Policy challenges, opportunities & need for international cooperation
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• Why utilise CO2?

• Potential reduction of net costs of emissions reductions or removals

• Potential facilitation of CCS technologies 

• Use a cheaper/cleaner feedstock than conventional hydrocarbons

• Not all processes utilising CO2 necessarily contribute to addressing climate 
change!  See diagram

• CO2 utilisation can:

1. increase CO2 emissions (e.g. through non-decarbonised energy input, 
potentially EOR)

2. have no net impact on CO2, but increase GHG emissions (potentially 
urea)

3. reduce CO2 emissions without removing CO2 from the atmosphere on a 
net basis (potentially fuels) 

4. remove CO2 from the atmosphere on a net basis (potentially BECCS)
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Rationales for CO2 utilisation



Methodology

Scoping review

11,000 peer-reviewed
papers

Structured estimates

Based on market
characteristics and
available resources

Expert opinion survey

> 20 external experts
from academia and
industry

• 2050 breakeven
cost estimates in 
2015 US$ per ton 
CO2

• 2050 estimated
scale in Mt CO2

per year
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• A global perspective needed for actual climate benefits from decarbonisation efforts.

• CCS – an (indispensable?) opportunity for industrial decarbonisation, but missing 
incentives and facing many other policy challenges

• Utilisation of the captured CO2– many open questions, need rigorous techno-economic 
analyses and LCA

• ‘Net-zero’ legislation should consider CO2 utilisation and storage incentive 
frameworks, but incentivisation should be on CO2 storage and emission reduction via 
utilisation - not utilisation per se

• Accelerate market penetration according to potential for climate benefit
• Promote innovation for cost reductions and creation of new markets
• Support appropriate financing mechanisms and innovation in financial instruments

Conclusions




