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ABSTRACT

EPRI has an on-going effort to understand the landscape
of postcombustion CO, capture technologies globally, and
accelerate their development. Several central issues facing
CO, capture involving scale, energy, and overall status of
development will be discussed. We show that the scale of
CO, emissions is sufficiently large to place inherent limits
on the types of capture processes that could be deployed
broadly. We also discuss the minimum energy usage in
terms of a parasitic load on a power plant and we present
summary findings of the landscape of capture technologies
using an index of technology readiness levels.

Keywords: Post-Combustion, CO, Capture

1 INTRODUCTION

Many governmental agencies at the state, federal, and
international level are discussing and pursuing placing
limits on CO, emissions as part of a drive to reduce overall
anthropogentic greenhouse gas (GHG) emissions. The the
electric generation industry is among the first group of
emission sources being targeted for these reductions, as
exemplified by the recent US Environmental Protection
Agency (EPA) proposed rules for new source performance
standards for greenhouse gas emissions from electric utility
generating units.! The electric utility industry in the US and
other countries that rely substantially on combusing fossil
fuels to generate electricity are therefore keen to find ways
to reducing GHG emissions. For the US, in 2008, CO2
emissions from electricity generation in accounted for about
40% of US CO2 emissions and 34% of the US total GHG
emissions,Erort Beokmark not defined.2 - 5 1ohally  approximately
31.2 Gt CO2 was emitted in 2008, dropping by 1.3% in
2009.%

One option for controlling post-combustion CO2
emissions is carbon capture and storage (CCS), where CO2
is separated from the rest of the flue gas and permanently
stored in subsurface geologic reservoirs. In part, due to the
absence of regulation today, no utility-scale (500+ MWe)
post-combustion CO2 capture systems have been tested,
and most testing to date has been on scales less than 20-25
MWe. But these first-generation capture technologies are
energy intensive and are projected increase the cost of
electricity (COE) for the host power plant by 60-100% and
reduce net electrical output by 30-35%. **°

While the US Department of Energy has not set a
performance target for energy consumption for post-
combustion carbon capture processes, it has set a cost target

of less than 35% increase in COE with CO2 capture,
compression, transportation, injection, and storage with
measurement, monitoring, and verification.® Among the
costs for each CCS component, CO2 capture is the most
expensive at approximately 60-70% of the total cost, and is
the primary focus for CCS cost reduction opportunities.*®

To enable such cost reductions, EPRI has a multi-year
on-going effort to identify, vet, and appropriately accelerate
promising post-combustion CO, capture technologies. We
have evaluted over 120 technologies thus far. From this
activity, several broad-based insights have been garnered
and are presented in this paper.

2 TWO CHALLENGES

CO, capture is challenging for two reasons: energy for
capture and scale of emissions.” The energy required for
capture is the dominant cost in CO, capture,® and in as in
any separation of a mixture, a thermodynamically minimum
amount of energy is required to conduct the separation.
Flue gas from a coal-fired power plant contains about 13%
CO,, and separating 90% of it from the rest of the flue gas
(predominantly N,) requires a thermodynamic minimum
energy of 0.1611 GJ/t CO, if the gas temperature is 40°C.’
The average emissions of coal-fired power plants is 25.17 t
CO,/MWe-day of generation or generates 3.43 GJ of net
electricity for each tonne of CO, it emits.”® Hence, if the
only energy source for energy to drive the capture comes
from the net electrical output of a power plant, then any
capture process would impose a minimum parasitic load of
4.22% on the net output of a power plant. A capture
process more load to a less efficient power plant and less
load to a more efficient power plant. Most near-term
capture processes, excluding compression, however, impose
a load of 20-25%, or about 5-6 times this minimum value.
Indeed, many large-scale commercial separation processes
operate at several multiples of their own thermodynamic
minimum energy. Yet, it is not yet clear if there is a
practical, economic lower limit to the energy required for
carbon capture, and this gives the hope that potentially
lower energy carbon processes could be developed.

The second reason carbon capture is challenging is scale
of emissions. The US utility sector emits about 2.4 Gt
CO,lyear, while the US as a nation emits about 6 Gt
CO,lyear.®® To put this in perspective, the top 50
chemicals produced in the US have a total combined mass
of only 0.4 Gt/year. Indeed, it is fairly straightforward to
show,’ that reagents used to capture CO, just from the US
utility sector will exhaust both US and global supplies by
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many multiples unless the reagent can be regenerated.
Likewise, chemicals made from CO, just from the US
utility sector will saturate US and global markets of these
chemicals by many multiples. Therefore, CO, capture
technologies that rely on using reagents in a once-through
manner or those that rely on making saleable products from
CO, will be inherently limited to niche applications relative
to the scale of anthropogenic CO, emissions. Likewise, the
enitre current US usage of CO, for enhanced oil recovery
can be supplied by just four of the largest power plants in
the US.” These arguments, therefore, place inherent limits
on the beneficial use of CO, realtive to the scale of
anthropogenic emissions.

3 STATUS

In our work, we actively sought process developers,
both in early-stage research to actively pursuing pilot
testing. We analyzed solvents, adsorbents, membranes,
mineralization, and other processes. Our approach was to
understand the basic principles of the process, focusing
expressily on the mass and energy balances, and attempting
to determine whether the technology could be deployed
broadly across the utlity industry. In addition, we used a
sscale of technology readiness level (TRL) to determine the
readiness of a technology for power plant application. First
developed by NASA to determine readiness of given
technologies for space applications,"* TRL is a useful
metric that can provide an easy means to determine overall
state of development. TRL is metric that relies only on
technical and developmental attributes, not economic
attributes.

Of the 120 technologies we’ve considered thus far, we
were able to assign a TRL ranking to approximately 95 of
them. As expected, technologies closer to commercial
deployment reflected higher energy consumption, higher
costs, and lower risk, whereas technologies fruther from
commercial deployment reflect potentially lower energy
consumption, lower costs, but with significant uncertainty
and technical risk. Moreover, we noted that the time
needed to move from early-stage technologies to late-stage
technologies is at least 10-15 years on a very well-funded,
very aggressive schedule.

4 CONCLUSIONS

Based on this on-going work, EPRI has gained
significant insights on capture processes, trends, and
techncial gaps in CO, capture. During this work, we
observed that virtually all existing approaches for new
material development are serially driven from synthesis
chemistry to process engineering to power plant testing.
This serial development is slow and frequently leads to
capture processes that actually increase energy
consumption, increase COE, or are simply impractical.
Therefore, we firmly believe that CO, capture development
must be done in close coordination with synthesis chemists

to develop CO, capture materials, separation engineers to
wrap processes around the materials, and personnel at
power plants who will ultimately use the technology.” EPRI
has several projects and programs focused on this approach,
both internally and in partnership with other organizations.

REFERENCES

! “Standards of Performance for Greenhouse Gas
Emissions for New Stationary Sources: Electric Utility
Generating Units.” Federal Register, 77 FR 22392. April
13, 2012.

2 Friedlingstein P, Houghton RA, Marland G, Hackler J,
Boden TA, Conway, TJ, Canadell JG, Raupach MR, Ciais
P, Le Quéré C. Update on CO2 emissions. Nature
Geoscience, DOl 10.1038/ngeo_1022, Online 21,
November 2010.

3 Finkeenrath, M. Cost and Performance of CO, Capture
from Power Generation; Inter. Energy Agency, 2011.

* 1pCC Special Report on Carbon Dioxide Capture and
Storage. Prepared by Working Group III of the IPCC [B.
Metz, et al., eds]. Cambridge University Press, Cambridge,
UK, (2005).

> Carbon Dioxide Capture from Existing Coal-Fired
Power Plants; DOE/NETL-401/110907. November 2007.

®J. Ciferno. “Overview of DOE/NETL CO, Capture.”
NETL CO, Capture Meeting, Pittsburgh, March 2009.

" A. S. Bhown and B. C. Freeman. Environ. Sci. and
Tech., 45, 8624-8632 (2011).

8 U.S. Department of Energy, Energy Information
Administration (EIA). 2010 November EIA-923 Monthly
Time Series File, Sources EIA-923 and EIA-860;
http://www.eia.gov/cneaf/electricity/page/eia906_920.html
(accessed June 25, 2011).

%U.S. Energy Information Agency (EIA). Emissions of
Greenhouse Gases in the United States, 2010;
http://www.eia.doe.gov/oiaf/1605/ggrpt/carbon.html
(accessed June 25, 2011).

19U.S. Energy Information Agency (EIA). Inventory of
U.S. Greenhouse Gas Emissions and Sinks: 1990 2008;
http://www.epa.gov/climatechange/emissions/usinventoryre
port.html (accessed June 25, 2011)

1 Mankins, J. Technology Readiness Levels: A White
Paper; NASA, April 1995.

508 NSTI-Nanotech 2012, www.nsti.org, ISBN 978-1-4665-6276-9 Vol. 3, 2012





