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By capturing carbon dioxide emitted 
from coal-fired power plants and storing it 
in underground geologic formations, pow-
er generators believe they can continue to 
use the plentiful fossil fuel while reducing 
greenhouse gas emissions. Accomplishing 
this feat will not be easy, but chemical com-
panies and other technology providers are 
lining up to help.

Coal already accounts for 40% of global 
power generation, and it is expected to 
play an even larger role as energy needs 
rise, according to the International Energy 
Agency, an intergovernmental policy advis-
er. IEA and other agencies have identified 
carbon capture and storage (CCS), at least 
in the short-term, as a promising approach 
to reducing emissions.

As a result, governments around the 
world have recently pledged billions of dol-
lars for R&D and expensive CCS demon-
stration projects. In 2008, the G-8 nations 
(Canada, France, Germany, Italy, Japan, 
Russia, the U.K., and the U.S.) set a goal of 
having 20 such demonstration projects in 
play by 2010 and broad commercial deploy-
ment by 2020.

The consulting firm Emerging Energy 
Research estimated earlier this year that 
more than $20 billion has been earmarked 
for spending and predicted that more was 
to come from economic stimulus plans. 
Last month alone, the U.S., Australia, Can-
ada, and the European Union announced a 
total of more than $6 billion in funding. All 
told, the firm says, there’s enough money 
to support about 30 large-scale CCS dem-
onstration projects.

Meanwhile, legislative moves, such as 
the climate bill passed last month by the 
U.S. House of Representatives, are expect-
ed to set limits, and a value, on greenhouse 
gases (C&EN, June 15, page 22). Carbon 
caps and pricing are considered critical for 
creating a market by making the value of 
CO2 emissions avoided more than the cost 
of adding the CCS process.

“Right now, the only market around the 
world is government-funded projects,” says 
Peder Danielsen, marketing director for 
Dow Chemical’s oil and gas business, which 

offers an amine-based 
technique for stripping 
out CO2. Until the gap 
between CCS costs and 
carbon credits closes, 
“nobody is going to build 
a system unless they have 
government funding,” he 
remarks.

Plenty of funding is 
out there, and a growing number of part-
nerships are advancing carbon-capture 
projects. Implementing CCS technology, 
however, will require proof that it works 
and can be cost-effective at large scale.

Capturing and compressing the CO2 
accounts for about two-thirds of the cost 
of CCS, according to the consulting firm 
McKinsey & Co. For early commercial-
scale plants, expected by 2020, “we are 
looking at a cost between $50 and $70 per 
ton of CO2 abated, and there are very few 
projections that put the price of carbon 
above $50 to $60 per ton,” says Enrico 
Villa, a McKinsey analyst. Nearer term 
demonstration projects will likely cost as 
much as $80 to $130 per ton.

Developers betting on CCS are look-
ing down three separate paths: oxy-fuel 
processes and pre- and postcombustion 
CO2 capture. Oxy-fuel and precombus-
tion coal gasification are targeted at new 
power plants. In contrast, postcombustion 
scrubbing, typically using alkanolamines or 
ammonia, can be retrofitted onto existing 
plants, of which there are many. Scrubbing 
technology is well-known; for decades 
Dow, BASF, and others have supplied 
amine-based processes to clean up high-
pressure, CO2-rich natural gas streams.

To clean up the flue gases from coal-
fired power plants, however, the scrubbing 
technology must be optimized to work at 
low pressures on large gas volumes that 
contain only 10–15% CO2. In the process, 
flue gas is exposed to an aqueous solution 
containing a weak base—often mono- or 
diethanolamine less than 30% by weight—
that absorbs the weakly acidic CO2. Subse-
quent heating strips the CO2. The solution 
is recycled, and the CO2 is captured and 
compressed for transport and storage.

Although about 90% of a power plant’s 
CO2 can be captured, a major drawback is 
that the process consumes energy itself. 
Estimates are that a full-scale plant would 
have to generate as much as 30% more 
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power to cover the energy drain of captur-
ing and compressing the CO2. Not only 
would more coal have to be burned, but 
the increased operating and capital costs 
would raise electricity prices.

BASF and its partners, the German 
electricity producer RWE Power and the 
engineering firm Linde, are working to 
ensure “state-of-the-art integration” of 
the carbon-capture process into a power 
plant to minimize the penalty on electrical 
output, explains Andreas Northemann, 
head of the gas treatment solutions team in 
BASF’s intermediates division.

“We aim to develop a process that costs 
less than $35 per ton of CO2 avoided,” he 
says, referring to CO2 capture and compres-
sion but not sequestration. “As soon as it is 
clear that the technology has proven itself, 
and policy sets the right course, we see good 
chances for substantial market growth.”

To put the technology through its paces, 
the team is building a pilot plant at RWE’s 
power station in Niederaussem, Germany, 
at a cost of about $13 million, 40% of which 
will come from the government. The plant 
will scrub just 0.05% of the flue gas from a 
1,000-MW power plant and capture about 
300 kg of CO2 per hour. If successful, a much 
larger $100 million demonstration unit will 
follow in 2010. Full-scale operations are tar-
geted by 2015, according to RWE.  

BASF’s main goal for the pilot proj-
ect is testing new solvents and solvent 
mixtures in large equipment. Like Dow, 
BASF declines to offer any details about 
its proprietary solvents, saying only that 
its “advanced amine” system will have 
lower operating costs than standard amine 
technology. Some projects are said to be 
combining mixed or hindered amines that 
use less energy with additives, such as pi-
perazine, that boost CO2 absorption rates.

CCS developers face complex calcula-
tions involving capital and operating costs. 
“The big issues are how much steam do you 
consume for stripping and how much elec-
tricity do you need for compression?” Dan-
ielsen says. “We have done a tremendous 
amount of simulation work trying to figure 
out how to optimize the plants.” The next 
step for Dow is confirming these analyses 
in projects with Alstom, a French power 
plant builder.

Soon, the partners will take a live flue 
gas slipstream from Dow’s coal-fired 
power plant in South Charleston, W.Va., 
and run it through a pilot unit. It will allow 
them to capture about 1,800 tons of CO2 
per year. They have also agreed to build an 

amines demonstration facility at a power 
station in Belchatow, Poland, that will cap-
ture about 72,000 tons of CO2 per year by 
mid-2011. A second phase would add a CCS 
unit to an 858-MW power plant being built 
there by 2015. Dow is looking for other sites 
to host projects as well, Danielsen says.

separately, Alstom has several projects 
under way to test its chilled ammonia pro-
cess. Similar to the process using amines, 
flue gas is exposed to an ammonium car-
bonate solution at about 35 °F that absorbs 
the CO2 to form ammonium bicarbonate. 
Heating the mixture causes the bicarbon-
ate to revert to the carbonate form, which 
is recycled, while the CO2 is captured.

Data reported in May from an Alstom 
ammonia project at We Energies’ power sta-
tion in Pleasant Prairie, Wis., showed that 
88–90% of the CO2 emitted was captured at 
greater than 99% purity. Alstom is bringing 
an ammonia project on-line at American 
Electric Power’s Mountaineer power sta-
tion in New Haven, W.Va., that will capture 
110,000 tons of CO2, compress it, and store 
it 8,000 feet belowground. If successful, the 
partners plan to install the technology at a 
commercial scale, capturing at least 1 mil-
lion tons, by as early as 2012.

With $50 million raised in April from in-
vestors, the private company Powerspan is 
scaling up its own ammonia process, origi-
nally developed with the Department of 
Energy, at Basin Electric’s Antelope Valley 
Station in North Dakota. Expected on-line 
in 2012, the 120-MW demonstration proj-
ect will capture 1 million tons of CO2 per 
year that will be compressed and fed into a 
pipeline for use in enhanced oil recovery. 
Powerspan is also running a pilot-scale 
system at FirstEnergy’s R.E. Burger power 
plant, in Ohio.

In addition, Powerspan is among three 
finalists whose technology is being evalu-
ated by the Canadian utility SaskPower for 
a $1.4 billion CCS demonstration project 
in Estevan, Saskatchewan. The others are 
Cansolv Technologies, a Shell company 
that offers an amine-based process, and the 
engineering company Fluor, which offers 
the Econamine process, based on technol-
ogy acquired from Dow in 1989. SaskPower 
will decide on a process by the end of 2009.

In any scrubbing process, CO2 capture 
usually occurs after the removal of nitro-
gen oxides, sulfur dioxide, and other flue 
gas components that can degrade the sol-
vents and reduce the efficiency of the pro-
cess. In Powerspan’s case, its CO2 process 
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capturing costs  
Proposed u.s. postcombustion CO2 capture research 

would add up over eight to 10 years 

no. of 
projects

average cost 
($ Millions)

total cost
($ Millions)stage

simulation/analysis $100 
exploratory research 50 $1 50 
Proof of concept 30 10 300 
Pilot plants (1–10 MW) 15 50 750 
Demonstration units  
(200–300 MW)

5 750 3,750 

Contingency for uncertainty  
in estimates/future prices

1,000 

TOTal $5,950 

note: Includes U.S. public- and private-sector research funds.  
source: MIT’s Carbon Capture & Sequestration Technologies Program 

is integrated with its ammonia-based ECO 
technology for removing other pollutants.

Although Powerspan’s method involves 
handling volatile ammonia, which is often 
generated on-site from urea, it is more 
tolerant of sulfur and less corrosive to 
equipment than amines, says Christopher 
McLarnon, senior vice president for engi-
neering and R&D at Powerspan.

Another benefit is that the amount of 
heat required to regenerate the ammonia 
solution is less than one-third of that need-
ed in the amine process, McLarnon says. “In 
all of these processes, heat management is 
very important, and you can save quite a bit 
of energy with the ammonia process.”

BuilDing on more mature CO2 capture 
methods, Ion Engineering, a University 
of Colorado spin-off, is combining com-
mercially available amines with thermally 
stable, nonvolatile ionic liquids. “Water is 
responsible for a lot of the inefficiency of 
the capture process,” says Alfred Brown, 
the firm’s chief executive officer. A sig-
nificant amount of energy—two to three 
times that used to strip the CO2 from the 

amine—is lost just 
due to water evapo-
ration. “We don’t 
change the overall 
engineering of the 
system significantly, 
just the physical sol-
vent,” he points out.

Ionic liquids are 
among a range of 
new technologies, 
including mem-
branes, metal organ-
ic frameworks, and 
other absorbents, 
being explored for 
carbon capture. Oth-
er research groups, 
including some 
working under DOE grants, have been 
experimenting with amine-functionalized 
ionic liquids. But simply mixing the ionic 
liquids and amines avoids having to syn-
thesize functionalized ones, which tend to 
also be very viscous, says Jason E. Bara, an 
Ion founder and the company’s chief tech-
nical officer.

Because of its overall efficiency, Ion’s 
system needs less expensive equipment, 
the company claims. Although ionic liquids 
are pricier than water, they can be modified 
to work under different conditions and 
with different amines. Ion can reduce the 
capture portion of the equation, including 
the cost of the ionic liquids, to about $20 
per ton, or a savings of about 65% com-
pared with estimates for large-scale aque-
ous systems, Brown says.

Having conducted lab-scale work, the 
company is finalizing a partnership with 
a major utility company to field-test its 
approach, Brown says. A pilot project un-
der design will capture flue gas from the 
equivalent of a 1-MW power plant. “If we 
are successful with that, the intent clearly 
is to go to a demonstration stage at the 40- 
to 50-MW scale and from there to full com-
mercial operations,” he says.

Technology developers all anticipate 
that the CCS market will eventually be 
large. In preparation—and despite the 
unknowns in timing, pricing, and regula-
tions—Dow is investing heavily, Danielsen 
says. Many challenges remain, however, 
not the least of which are the downstream 
issues of transporting and successfully 
storing the captured CO2.

“At the R&D level and all the way through 
the demonstration scale, carbon capture is 
here today,” Brown says. “There is no short-
age of people who want to do pilot and dem-
onstration projects, and it is almost certain 
that it will take some federal funding to get 
through those stages. But I am very encour-
aged because there are technologies like 
ours where the economics suggest that it is 
much more affordable to capture CO2 than 
was previously thought.” ■
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ChemiCal Companies and other industrial 
sources of greenhouse gas emissions are eli-
gible for $1.3 billion in grants for large-scale 

carbon capture and sequestration (CCS) demonstra-
tion projects under a Department of Energy program 
announced on June 8.

Industrial sources generate some 19% of U.S. 
greenhouse gas emissions, but DOE funding support 
for CCS projects has gone primarily to coal-fired 
electric power generators. The June 8 announcement, 
however, is specifically directed to industrial sources, 
including chemical companies, refineries, cement 
plants, steel and aluminum producers, manufacturing 
facilities, and some power plants that use petroleum 
coke and waste as fuel rather than coal or natural gas.

“We are happy to see that DOE is funding industrial 
CCS projects,” says Timothy Brown, a spokesman 
with global engineering firm Alstom Power. Alstom 
has several CCS demonstration projects around the 
world, but only two are at industrial sites—a Dow 
Chemical facility in West Virginia and an oil refinery 
in Norway.

Possible grant recipients cannot be primarily elec-
tricity generators, DOE says in its funding-opportu-
nity announcement. Plants are ineligible if their elec-
tricity power output is greater than 50% of their total 
energy output and if they rely on coal to meet more 
than 55% of their feedstock needs.

DOE’s targets for the grants, the announcement 
says, are projects that are integrated into the plant’s 
operations and are designed to capture and sequester 
1 million tons of CO2 per plant per year by 2015. At 

least 20% of the project funding must be provided by 
the company.

The same announcement also offers $100 million 
in funding for demonstrations of beneficial uses of 
CO2, such as using it to grow algae or converting it to 
fuel or chemicals.

Despite the size of the billion-dollar-plus offering, 
DOE did not publicize the new grants through its vari-
ous press offices. Several chemical companies, how-

ever, tell C&EN they are quite 
interested in the announce-
ment. They include Eastman 
Chemical, which is in the early 
stages of planning for a CCS 
coal-gasification project, and 
Dow, which, along with Alstom, 
is beginning a CO2-capture proj-

ect at its South Charleston, W.Va., site. Dow’s project 
proceeded without government support (C&EN, April 
6, page 5).

More information about the funding opportu-
nity is available at fossil.energy.gov/sequestration/ 
publications/arra/DE-FOA-0000015.pdf. Applications 
are due Aug. 7.—Jeff Johnson

Chemical plants, 
like the one shown, 
are eligible for 
grants to support 
demonstration 
projects to capture 
CO2 and sequester 
it underground.

Although demand for the Web editions 
of American Chemical Society journals 
is growing, demand for print editions has 
declined sharply. This trend is prompting 
the society to change the format and dis-
semination of its printed issues. In July, 
ACS will begin publishing the print edi-
tions of most of its journals in a “rotated 
and condensed” format that will fit two 
pages of content on one printed page. 

The new format will reduce paper, 
printing, and distribution costs for ACS, 

Journals Publishing Group Senior Vice 
President Susan L. King notes. It will also 
have a positive impact on libraries be-
cause a single year of the print editions 
of all ACS journals currently requires 
30 linear feet of shelf space. ACS won’t 
increase prices for its print journals next 
year, but it will stop offering deep dis-
counts on print subscriptions to libraries 
that have online subscriptions. Custom-
ers will also be offered incentives to 
switch to electronic-only access. 

“The transition from print to Web for 
ACS journals has now passed a tipping 
point,” King says. “In making changes 
to the production and dissemination of 
the print, we are acting in concert with 
members, readers, and librarians to focus 
on our digital future. By focusing on the 
electronic medium in all its manifesta-
tions—Web, desktop, mobile—we will col-
lectively reap the benefits to be realized 
by truly networked and accessible scien-
tific information.”—sophie RovneR

Publishing ACS encourages transition to digital journal subscriptions
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Co2 Grants For 
ChemiCal plants
Carbon CaPture: DOE is making 
$1.3 billion available to nonenergy 

companies for demonstration projects
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