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Image: Centre for International Climate and Environmental Research (CICERO). "Global
warming: Dwindling chances to stay below 2 degrees Celsius warming." ScienceDaily.
ScienceDaily, 21 September 2014.

My background:
- Catalysis group, NTNU Chem. Eng
Dept.
- Some experience in syngas
chemistry
- CO hydrogenation
- Steam reforming etc.
- CCU: Member of expert group
established by SAPEA; advising EU
DG “research” on the merits of
research on CCU

Carbon Capture and Use
• Capture: as in CCS, = separation of CO2 from exhaust streams or
from air
• Exhaust streams can be any source, e.g.:
• Power plants (gas, coal)
• Industries (cement, steel etc.)
• Biogas (fermentation plants)

– True circular economy requires DACC (direct air carbon capture)
• CO2 concentration (2018) ca 410 ppm → high cost and energy penalty of
separation

• Use: Reuse carbon in applications other than storage
–
–
–
–
–

Fuels
Chemicals
Materials
Solvent/fluid uses
EOR

• Scale: In order to reduce global CO2 emissions we must look
at value-chains that can have a significant impact
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Overview

Classification of CO2 utilisation options (Provided by the US Department of Energy’s National
Energy Technology Laboratory)
http://s3platform.jrc.ec.europa.eu/carbon-capture-and-utilization
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CO2 conversion
• Chemical reduction
– E.g. hydrogenation – needs hydrogen

• Electrochemical reduction
– Needs electric power

• Only relevant if reducing agent is without CO2-emissions
– Renewable energy
– Nuclear energy

• Most organic products will eventually be oxidised (fuels,
polymers…)
– C will be emitted to the atmosphere as CO2 after a time-delay
• Fuels: Short time
• Materials: Longer time (years)
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Some basic relationships
Example 1: Methanol synthesis
•

CO2 + 3H2 →CH3OH +H2O
– H2 from electrolysis: 1 kWh produces H2 to convert 0,145 kg CO2 (if ideal
efficiency: 0.8 kWh)
– To convert 1 Mt CO2 we need 6,9 TWh electricity (RES) converted to H2

•

Assumption: 1 TWh Renewable electricity replacing fossil-based
electricity saves ~0,57 Mt CO2 (natural gas, total emissions)
– Alternative use: Converting 1 Mt CO2 to MeOH leads to a net increase in
CO2 emissions = (6,9 x 0,56) – 1 = 2,9 Mt CO2

•
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 CCU is (in this case) an inefficient way of reducing CO2 emissions

Example 2: CO2 Methanation,
storage and reuse
• CO2 is hydrogenated to methane, which is then used
as fuel in e.g. a power plant
– CO2 + 4 H2  CH4 + 2H2O (ΔrH° = -165 kJ/mol)
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Schaaf et al., Energy, Sustainability and Society 2014 4:2
https://doi.org/10.1186/s13705-014-0029-1

Efficiency losses
• Estmated efficiencies
• The figure illustrates
that converting
renewable energy to
hydrogen, or using RE
for CCU has a cost –
lost energy due to
inefficient processes

But: Energy storage and transport
needed

Aggregated PV and wind full load RES hours for the year 2005. Source: figure 8 from IEA report “Renewable
Energy Industry” (2017)

Storage options
• Figure shows charge/discharge
period and storage capacity of
different electricity storage systems.
• RE sources are intermittent by
nature
•
•
•
•

Storage is neccesary
CAES= compressed air energy
storage
PHS = pumped hydro storage
SNG = substitute natural gas

• Seasonal storage or
long distance
transport?

Schaaf et al., Energy, Sustainability and Society2014 4:2 https://doi.org/10.1186/s13705-014-0029-1

CCU in energy storage
• Technically feasible to use
SNG as a storage and
transport option for
renewable energy – feed
into existsing natural gas
network/pipeline system
• But: Large investments
combined with limited
operation times, and large
effciency losses – not
economically feasible as
per today
Budny et al., Energy Conversion and Management 102 (2015) 258

Executive summary statements based
on our simplified analysis:
1) Using C-rich synthetic fuels requires
the use of large amounts of Renewable
Energy Sources (RES) and other carbonfree energies – much larger than what
is required when RES electricity or
green-hydrogen is used directly for
consumption.
2) Such a decrease in efficiency in the
use of RES may be acceptable in
the provision of: a) C-rich synthetic
fuels to power long-range aircraft and
long-haul ships; and/or b) long-term
storage and long-range transport of
defossilised energy to compensate for
the intermittency of RES.

• “Producing a liquid fuel via hydrogenation of CO2 and
then using this to run an internal combustion vehicle
is a monstrous thermodynamic crime” P. Fennell, in
Faraday Discussions 192 (2016) 561.

• “Surely CCU is just an example of resource efficiency,
maximising productivity while reducing waste.” P.
Styring , in Faraday Discussions 192 (2016) 561.

