Edward S. Rubin

Department of Engineering and Public Policy
Department of Mechanical Engineering
Carnegie Mellon University
Pittsburgh, Pennsylvania

For discussion at the
MIT Symposium on Retro-Fitting of Coal-Fired Power Plants

for CO, Emission Reductions

Cambridge, Massachusetts
March 23, 2009

$205M over 3.3 yrs, avg

8 technology areas

Sorbents

Solvents
$3M) /($6M)

Sorbents Chem
(10) Loop
5}
Solvents ( Fuel Cells Oxyfuel 0, Separation

®) ® C°?;g;;‘)i°" ($58M)

Oxyfuel
Combustion Coz(gll)em.
an H, Membranes
H, Me(r;é))ranes ($71M) \
Chemical
Looping

CO, Membranes &)

(33M) Fuel Cells

($13M)




In-Duct Injection Limestone Injection
Multi-Stage Burners (LIMB)

Copper Oxide Process

IGCC
NOXSO Process
LIDS

PEBC Regenerative SOX-NOX-ROX-BOX

FGD Systems
Chemical Coal Cleaning

Electron Beam Process

Dry Scrubbing
Slagging Combustors

i \
£
‘,@‘&(f&,&ﬁ'ﬁﬁ SN T
Scrubbers
described, examined and
rejected.
A utility company :
view of
post-combustion

SO, capture
systems

American Electric Power System




Number of FGD Unit

[ Retrofit
N New
Percent of the Total Capacity

1969 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999

FGD In Service Date

Experience Curve for Wet Limestone FGD Systems

FGD Capital Cost
(% of base value)

1995

Cost reduction = 11%
per doubling of
installed capacity;
50% reduction
over 20 years

10 100
Cumulative World Capacity of Wet FGD Systems (GWe)

1000

30%

25%

20%

15%

10%

5%

0%

Percentage




No Federal R&D Some CAA Regs + R&D

Federal

cuctat

U.S. Clean Air

Act of 19Q

Number of Patents Filed

1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000
Year Patent Filed

Regulatory policies stimulated innovations that reduced emissions

Create a market for CCS—performance standards can
do this (other policy approaches also may, or may not)

Pursue continual improvements to current technology
(not just R&D on new “breakthrough” options)

Give it some time (a decade or more)

Even with better, cheaper capture systems, CCS
retrofits will not make economic sense for many
existing subcritical units

it
rubin@cmu.edu




