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Carbon Capture, Utilization, and Storage
Capture

= Reasonably well understood for both pre-combustion and post combustion.
= EXxpensive for post-combustion (both natural gas and coal)
= Significant RD&D investment by DOE/FE

Utilization
= Enhanced Oil Recovery (EOR) is currently only viable option
= Production of fuels (may be chemicals) could be a future option

Storage
= Geological storage provides ample capacity
= Risk and regulatory regime is quite uncertain
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RTI Warm Syngas Desulfurization Technology
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Designed and built a carbon
capture system for a 50 MW size

= Characterized the geology for on-
e site storage

— = Found synergies with waste water

00000 injection
*°° = Modelling indicated rapid
i SRS mineralization of CO2
: = EPA originally granted a Class V
s FT——M' well permit, but later insisted on

| o Class VI permit

B T S A T R - 50 year MVA requirements -
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Enhanced Oil Recovery injects CO, into otherwise-
unproductive wells, allowing new access to stranded oil

Key Aspects of CO,-EOR Process CO, Enhanced Oil Recovery Lifecycle

+ CO2 s transported to the Iﬁ 20% of CO2 stored permanently

wellhead, typically by

ipeli i - : 2 S 2 Recycled
pipeline, frqm either a Purchased CO, '"’gg‘“' . . 2
captur_e facility or a natural Natural Sourcos 2 oroglom
deposit.

+ 80% of the CO2 is recycled
at the wellhead, with new
CO2 replacing the 20%
stored permanently Ao

+ The CO2 is injected into the
wellhead, which is already
flush with water.

+  Atypical well will inject

more than 1150 tons of €O, Dissolved (Sequestered)
CO2 per day; roughly 0.25-  [d  oiand Gas Prases
0.4 tons of CO2 needed Po o a0 \ \
per barrel of oil 00,5 oo

« The CO2 lowers the i
viscosity of the stranded oil,
making it easier to recover. FRTI
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EOR is a capture opportunity because natural CO, supplies
cannot satisfy future growth potential

80% of COE is from natural sources...

Supply and Demand for Natural CO,; Sources, 2010-2030
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« 62 million tons of CO,
Note: Assumes natural sources under development will come online in 2020

Long-term CO,-EOR Market Potential s | EOR brojects Hing CO. uilization rates of 3.4
. o ; everal large projects are approaching CO, utilization rates o
ig {’?":I::?;rgzgst'i)zf recoverable oil Mt per year (similar to amount of CO, produced by a 500 MW coal-fired
* 0
power plant)

+  0.25 GT CO, per year ERTI
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EOR is possible only in stranded oil wells that have already
completed traditional drilling and water injection

Field is at high pressure, high -, H,0 is injected asthe - CO,is injected once field is H,0 flooded

yield when initially drilled field’s pressure drops ut yield has begun to drop
Traditional Drilling 20 Injection C{2 Injection
Primary N D Secondary =3 Tertiary £ o EOR can be Used to
D e S bl S = = extend the life of a
T*‘:ﬁ‘g‘;’::‘f:::ﬁ:,‘;“:ﬂ’xj:t I I depleted well (by
—— = | = more than 15 years in
\ t ,,mfm "’7f % | the example at left)
= S S| S A (I —  + CO, supplements but
' t does not fully replace
E ] water injection
, m,f?:fo(. \\ techniques
== - . - Secondary water
o = = e Ee=E injection recovery i§
II I ] //% p"gm:on N/ usually a prerequisite
‘ for CO, EOR
.ML ; (depends on price,
Jand8 Jandd Jandl Jans3 Jandd Jandld JandB JanTd3 Jand8 Jan83 Jandd Jan83 Janil avallablllty, etc)
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= MCFD = o e we ot gus e sy ZXa@mple: Shell field in west Texas
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Capture projects are price-takers, with EOR projects indexing

their expected CO, prices to crude oil

120 Crude Oil Prices and lllustrative CO, Prices Based On Recent Trends, 2008-2012

Hllustrative: Not Historical

WTI price, in $/bbl
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» Potential CO, suppliers
face a market where the
-~ price is indexed to oil.

» Developers need the
cash to weather
potential oil price
volatility. CO, prices
are nearly 4x higher than
in 2002, but 30% lower
than in 2008.

=  While natural supplies
may be constrained in

the future, this has not
yet affected CO, prices

/,__ These CO, prices are
al approximarte and vary

depending on a supply
~ agreement. There is no sp
- market.
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= EPA'’s proposed rule of 1000 Ibs CO2/MWh for all new plants (>25MW) will
likely stop any new coal capacity

= For geological storage, the risk and regulatory regime has be to streamlined
for industry to understand long-term risks and liabilities associated with CO2

storage
= EOR is a niche application. Without extensive CO2 pipelines, matching
sources and sinks for CO2 will be a major challenge
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