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[4] The Song Remains the Same: geologic sequestration of carbon may face the steepest climb of all

After 20 years of planning and conjecture, by the end of 2020 carbon capture and storage (CCS) facilities stored 
just 0.1% of global CO2 emissions.  Challenges include cost overruns, failure of bellwether projects (Kemper 
Mississippi), the US Dep’t of Energy withdrawing support for demonstration projects (FutureGen), cancellations 
in Europe, legal uncertainties about liability and a 20%-40% energy drag required to perform CCS in the first 
place.  Norwegian Authorities just approved the Northern Lights sequestration project involving Total, Equinor 
and Shell whose 2024 capacity will be just 0.0045% of global emissions.  The highest ratio in the history of 
science: the number of academic papers written on CCS divided by real-life implementation of it. 

As a result, I’m not sure what to make of the Princeton study’s sequestration assumptions.  The authors assume 
that 65,000 miles of CO2 pipeline infrastructure will divert 929 million tonnes of CO2 each year from cement, 
gas-powered generation, natural gas reforming and biofuel production facilities to centralized locations where 
they will be mostly sequestered underground (a small amount is assumed to be converted into synthetic fuels).  
This compares to current US CCS infrastructure of 5,280 miles and 80 million tonnes per year, mostly used for 
enhanced oil recovery1.  The Princeton CCS buildout, just to sequester an amount equal to 15% of current US 
GHG emissions, would require infrastructure whose throughput volume would be higher than the volume of 
oil flowing through US distribution and refining pipelines, a system which has taken over 100 years to build 
(see box).  Princeton’s CCS projections are not that different from the ones found in pieces from Morgan Stanley, 
Goldman and other research houses.  

We had a conversation with Peter Haugan, Director of the Geophysical Institute at the University of Bergen 
(Norway).  We talked about the Sleipner Field in the North Sea, one of the few existing CCS locations on the 
planet.  As it turns out, CCS is a very complex process: some nearby CO2 injection sites were abandoned since 
they turned out to be much less permeable than originally anticipated, in which case higher levels of pressure 
could have caused cracks; and in other locations, polluted water injection sites did cause cracks since injected 
water was found at the surface of the ocean.  In other words, the success of Sleipner so far is not a clear signal 
regarding the ease of CCS injection, even in well-known formations like the ones in the North Sea. 

1 A 2021 paper by David Victor (Brookings/ Deep Decarbonization Initiative) and a group of colleagues examined 
attempted CCS projects and found that capital cost, technological readiness and credibility of project revenues 
were the most important factors in getting projects completed (compared to population proximity, employment 
impact or local opposition).  
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Princeton CCS proposal for the US 
Buildout = 850 million tonnes of CO2 stored per 
year via 65,000 miles of pipeline infrastructure 
Supercritical CO2 storage = 800 kg/m3 
Supercritical CO2 stored per year = 1.1 billion m3 

US annual oil production 
2019 = 746 million tonnes distributed and 
refined across 190,000 miles of pipelines 
Density of oil = 1.15 m3 per tonne 
US annual oil production = 858 million m3 
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What about direct air carbon capture as an option for gathering CO2 emissions from distributed sources (i.e., 
vehicles)?   Some net-zero studies allow for some fossil fuel combustion that is offset by direct air carbon capture 
(DACC).  However, the material and energy demands of DACC are beyond daunting. 

One approach is based on aqueous hydroxide solutions. First, salt (NaCl) is combined with water via electrolysis 
to form NaOH (sodium hydroxide/caustic soda).  Additional energy is then used for actual carbon capture: NaOH 
reacts with CO2 to create water and sodium carbonate (Na2CO3), with the latter heated to provide a gaseous CO2 
stream which is then sequestered geologically or used in some other process.  The problem is the materials 
requirements, and the energy needed for electrolysis, carbon capture and reactant regeneration before the CO2 
is even sequestered.  Let’s assume that 10 Gt of CO2 are captured each year, ~25% of global emissions:    

 First, the amount of NaOH needed would be 20-40 times its recent annual production, and also equivalent
to 40%-67% of recent global crude oil extraction by weight

 Second, the electrolysis required to produce the NaOH would consume 25%-40% of world electricity, and
the carbon capture and NaOH regeneration would consume another 11%-17% of global primary energy

 Putting both pieces together, NaOH electrolysis plus regeneration would require 15%-24% of global primary
energy to capture 25% of CO2 emissions.  This is clearly an absurd proposition given what energy would have
to be displaced (the equivalent of the US and Canada shifting back to the stone age with no energy)

 Massive amounts of chlorine gas would also be generated by these reactions, well in excess of the current
utilization capacity

Another approach uses other reactants with lower replacement rates (i.e., a sharply reduced need for constant 
electrolysis to create it, and reduced need for energy-intensive regeneration to recapture it).    However, the 
energy intensity of the carbon capture process itself is still enormous. 

 Even assuming the presence of externally sourced waste heat to fuel part of the reaction, capturing and
storing 10 Gt of CO2 each year would require ~38% of global electricity production2.  Without the benefit of
assumed waste heat, the energy requirement could double to even more absurd levels

All things considered, as things stand right now, “direct air carbon capture is unfortunately an energetically 
and financially costly distraction in effective mitigation of climate changes at a meaningful scale” 3. 

What about carbon mineralization?  Carbon mineralization is a form of storage in which carbon dioxide, rather 
than being stored as a compressed gas underground, reacts with certain rocks (magnesite, basalt, etc) and is 
permanently mineralized.  It’s not as easy as it sounds… 

 In ex-situ versions of this idea, billions of tons of calcite or magnesite would need to be mined each year
even if just a small amount of annual CO2 emissions were removed from the atmosphere.  To mineralize
15% of global CO2 emissions, much more magnesite would need to be mined every year than annual global
mining of iron ore, for example.  The materials handling costs would be enormous, and efforts to accelerate
the chemical reaction vs its natural rate have been very challenging

 The in-situ version of the idea involves injection of CO2 (mixed in water) into basalt rocks, and in which the
carbon mineralization reaction can occur in just a year or two.   However, while you don’t have to mine and
move rocks in this version, you do need to move the CO2 to where the basalt rocks are… which brings us
back to the need for a massive build-out of CCS infrastructure (pipelines, compression, storage etc) to make
even a small difference

2 “Life-cycle assessment of an industrial direct air capture process based on temperature–vacuum swing 
adsorption”, Deutz and Bardow, Nature Energy, February 2021 
3 “Unrealistic energy and materials requirement for direct air capture in deep mitigation pathways”, Chatterjee 
and Huang, Nature Communications, 2020. 
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