
Comment on “Reassessing the Efficiency Penalty from Carbon
Capture in Coal-Fired Power Plants”

This letter is in response to the article by Supekar and
Skerlos entitled, “Reassessing the Efficiency Penalty from

Carbon Capture in Coal-Fired Power Plants”.1 We find the
article seriously flawed because, (1) the results presented are
contradicted by actual practice and experience, and (2) the
analysis is based on outdated data and unrealistic design
assumptions that are not at all consistent with more recent cost
studies or the design and operation of real CCS projects. The
article also appears to incorrectly compare the cost of fossil fuel
electricity with that of intermittent renewables by ignoring the
added costs and emissions incurred by wind and solar systems
to provide equivalent baseload service.2

For brevity, we focus on the paper’s energy penalty results,
which are based on analyses of three CCS design scenarios that
are claimed to be “representative” of retrofit and new plant
applications. The paper concludes that “retrofitting a PC power
plant [with CCS] ... can cause a drop in plant thermal efficiency
of 11.3−22.9%-points. This estimate for energy penalty is
significantly higher than literature values···”
These conclusions are based in large part on data and studies

published 10−25 years ago. There is no recognition of the
extensive relevant literature of recent years, including detailed
CCS design studies published by the U.S. Department of
Energy,3 the International Energy Agency,4 the Electric Power
Research Institute,5 and others. A review of recent literature6

finds thermal efficiency penalties ranging from 7.7 to 11.9%-
points for PC plants with postcombustion CCSwell below
the range highlighted in the ES&T paper. This lower range
reflects the substantial decrease in energy requirements for
amine-based capture systems over the past two decades.7

More importantly, the energy penalties reported by Superkar
and Skerlos are at odds with the actual efficiency penalties of
recent amine-based CCS installations. The 25 MW prototype
facility at Plant Barry in Alabama reported a total steam
requirement of 0.95 kg/kg CO2 removed,8 compared to the
regeneration steam of 1.6 kg/kg used by Supekar and Skerlos.
At the fully integrated Boundary Dam project, the coal-fired
unit produces 146 MW without capture and 117 MW with
capture,9 representing a 20% power derating or a loss of about
8 efficiency points, consistent with the recent literature range,
7.7 to 11.9% points, cited above.
The paper’s higher energy penalties also result from the

assumption that in order to address “quality issues” for CO2
transport “it is likely that further treatment of recovered CO2
beyond amine absorption and separation will be required.”
Such steps, however, are not found in recent design studies
(e.g., refs 3−5), nor in actual practice for postcombustion
capture. For example, at both Plant Barry and Boundary Dam,
high-purity CO2 from the amine capture unit goes directly into
a pipeline after compression and dehydration.10 No additional
treatment is necessary and the energy required for this step is
fully reflected in the actual efficiency penalty cited above.
Another assumption in the ES&T paper that significantly

increases the calculated energy penalty is that, “All scenarios

assume that an additional boiler will be needed to meet the
steam demand not met by the turbine or recovered heat.” This
assumption is not realistic. If adequate low-pressure steam is
not available internally, the use of an auxiliary boiler without a
topping cycle would not be considered for a real CCS project
because it is an energy-inefficient approach.11 For example, the
Petra Nova CCS unit, nearing completion in Texas, will capture
CO2 from a coal-fired power plant flue gas, but instead of using
steam from the coal plant they will generate steam, as well as
additional electricity, from a natural gas-fired turbine (not an
auxiliary coal-fired boiler).12 At Boundary Dam, the original
coal-fired boiler was repowered with a larger, more efficient unit
that provides energy for the CCS system, again with no need
for an auxiliary boiler.10

Finally, the paper’s claim that all previous analyses of CCS
energy requirements and cost “do not account for the feedback
and quality issues presented in this work” is simply not true.
The feedback referred to is the “additional CO2” resulting from
the energy required to operate the CCS system and provide
“replacement power.” For new plantswhich constitute the
bulk of the CCS literature these concepts are meaningless
since there is no power to replace (the plant is designed for
whatever net power is needed) and all CCS energy require-
ments are supplied internally. Normalizing all cost and emission
rates on net plant output accounts for the feedback issues of
concern. For CCS retrofits, the need for replacement power
depends very much on the availability of other capacity and
projected power demands for a particular firm, grid or region. If
it is needed, the energy source and technology for replacement
power does not have to be a coal-fired boiler. Thus, the paper
assumes only a restrictive “worst case” design that is not
realistic.
In summary, as a result of reliance on outdated literature and

overly restrictive design assumptions, the CCS energy penalties
reported in this paper are much greater than what has been
achieved in the field and expected for future installations, either
new or retrofit. We feel it is important that the record be set
straight.
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