
Can technology 
unlock ‘unburnable 
carbon’?

17th May 2016

BACKGROUND
In 2015, an agreement on climate change 

was made to limit global warming to below a 
2°C temperature rise. As of 2011, the world had 
a carbon budget of roughly 1,000 gigatonnes of 
carbon dioxide (CO2). This is the amount of CO2 
that could be emitted whilst still having a two-
thirds or greater chance of staying below 2°C. 
However, at our current global emission rates, this 
budget will be completely used up within the next 
thirty years. 

The term ‘unburnable carbon’ emerged in 
2011, and refers to fossil fuel reserves which 
cannot be burnt if the world is to limit the impacts 
of climate change. Carbon capture and storage 
(CCS) provides a mitigation opportunity that could 
potentially unlock some of these reserves while 
minimising CO2 emissions into the atmosphere. 

Over recent years, several studies have 
examined the ‘unburnable carbon’ concept.  Some 
of these have looked at the impact of CCS on the 
projected consumption of fossil fuels. However, 
while these studies have considered the role of 
CCS in enabling access to more fossil fuels, so far 
there has not been a comprehensive long-term 
analysis on this issue.

EXPLORING THE ISSUE
   This evidence-based literature review focusses 
on the short and long-term potential of CCS 
technologies in enabling access to, or ‘unlocking’, 
fossil fuel reserves in a way that will still meet 
climate targets. 

Key Questions

The paper tackles some important questions:- 

• What is the potential role of CCS in meeting 
the carbon budget? 

• How much CO2 storage is available globally? 

• What are the current costs and barriers for this 
suite of technologies? 

• What effect CCS performance has on unlocking 
‘unburnable carbon’?
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The words in bold font can be found in 
the glossary over the page.

If CCS technology can be 
improved and deployed, 
this will enable the world to 
use some of its ‘unburnable 
carbon’ while still meeting 
climate targets.

Inside the Carbon Capture Pilot Plant at 
Imperial College London, 
Department of Chemical Engineering



KEY FINDINGS:

1 CCS’s role in unlocking unburnable carbon will 
be greater in the second half of this century. 

• Previous studies have suggested that CCS has 
a limited impact on the amount of fossil fuel 
resources that can be used in a 2⁰C climate 
scenario. 

• However, most studies have not examined 
timescales beyond 2050. Our analysis shows 
that 5,000 exajoules (EJ) more cumulative 
fossil fuel could be used with CCS to 2050. 
This increases to 15,000 EJ by the end of the 
century if CCS were more widely available. 

• The impact of CCS availability on the use of 
each fossil fuel type is different and will change 
over time. 

2 The CO2 capture rate is crucial in determining 
the extent of future use of fossil fuels. 

• As CO2 capture rates improve, the potential 
role of CCS in future low carbon energy 
systems will increase. Most studies in our 
analysis make the assumption that around 85-
90% of the emitted CO2 is captured and stored.

• If the residual emissions (between 10-15%) 
were reduced such that well over 90% of the 
CO2 was safely captured and stored, more of 
the world’s fossil fuel reserves could be used 
while still remaining within the limits of a 2°C 
climate change scenario. 

• This suggests that the development of CCS 
technology with high capture rates is an 
extremely important factor in determining the 
future accessibility of fossil fuel reserves.

• In our study, a global integrated assessment 
model, TIAM-Grantham, was used to assess 
the relationship between increased capture 
rates and fossil fuel usage. 

• This analysis showed that for the second half 
of the century a higher capture rate becomes 
pivotal if fossil fuel reserves are to be used 
without unwanted climate impact.

• For example, our study showed global gas 
use in 2100 approximately doubling as the 
CO2 capture rate increases from 85% to above 
95%, though this is sensitive to a number of 
assumptions.

3 While in the short-term, the cost of deploying 
CCS is a barrier, over time the cost of emitting 
CO2 becomes far higher than the costs 
associated with CCS.

• The costs of early-stage demonstration of CCS 
and associated infrastructure are substantial.

• However, beyond 2050 the costs of capturing 
and storing CO2 are likely to be significantly less 
than the marginal cost of alternative ways to 
mitigate CO2. 

• On average, the range of costs for emissions 
seen in models used to support the 
Intergovernmental Panel on Climate Change 

(IPCC) 5th assessment report are in the range of 
US2015$ 473 to 1,100 /tCO2 by 2050, and this 
increases further by 2100.  

• In contrast, the cost for the whole CCS chain 
(capture, transport and storage) is more cost-
effective at approximately US2015$ 160 /tCO2. 

• Therefore, the analysis showed that 
competition with other low carbon energy 
technologies is not limiting uptake of CCS.

• The key factor found to be limiting the uptake 
of CCS is more likely to be residual emissions

• Reducing residual emissions is critical and 
should become a major target for future R, 
D&D.

4 The global CO2 storage capacity is substantial.
• There is an estimated storage capacity range 

of roughly 400 to 1,000 gigatonnes of CO2 that 
exists within oil and gas reservoirs alone. 

• Accessing other geological sites such as saline 
aquifiers can increase capacity estimates to 
approximately 10,500 to 33,000 gigatonnes. At 
current CO2 annual emission rates (34GtCO2), 
these stores would meet demand for three 
centuries.

5 CCS technology underpins the future use 
of fossil fuels in scenarios that limit global 
warming to 2oC. However, further research is 
needed to :-

• Understand the conditions where CCS can 
become mainstream.

• Further develop and increase the maximum 
CO2 capture rates to over 95% and potentially 
to achieve close to zero CO2 emissions.

• Ensure and assess the capacity and constraints 
of local geo-storage around potential large-
scale CCS projects. 

For further information on this subject please 
contact the lead author at SGI@imperial.ac.uk 

The Sustainable Gas Institute at Imperial 
College London aims to explore the role of 
natural gas in the world energy mix.  

Follow us on twitter: @SGI_London
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GLOSSARY

Carbon Budget reflects the total amount of 

carbon that can be emitted to stay within 

specific climate change targets.

Unburnable Carbon refers to fossil fuel 

reserves which cannot be burnt if the world 

is to adhere to a given carbon budget.

Carbon Capture and Storage (CCS) is 

a technology which captures CO2 from 

the burning of coal and gas for power 

generation, and from industrial facilities.

Exajoule (EJ) is equal to one quintillion (1018) 

joules.

Capture Rate is the proportion of CO2 not 

released in to the atmosphere following 

combustion due to the application of CCS 

technology.

Residual Emissions are the remaining 

proportion of CO2 emissions, usually 

between 10-15%, that cannot be captured 

by CCS technology.

TIAM-Grantham is a computer model that 

calculates the most cost-effective ways to 

change  an energy system reliant on fossil 

fuels, into a low-carbon system, based on a 

wider variety of technologies. 

UNITS

US2015$ /tCO2 refers to the cost (in 2015 
US dollars) to either emit or store one ton of 
carbon dioxide.

This figure (left) 
shows 
a comparison of 
cumulative
fossil fuel use of
estimated reserves
with and without CCS
for two timeframes
in a 2 °C scenario. 

GtCO2 = gigatonnes of CO2

3,683 GtCO2 = total global  
resources
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