


T
hanks in part to photographs
of shrinking glaciers, news re-
ports on the devastation caused
by fierce storms, and the Nobel

Committee, most Americans now accept
the alarming possibility of global climate
change caused by rising levels of carbon
dioxide. Given the seeming improbability
of reining in worldwide fossil-fuel con-
sumption, scientists have begun propos-
ing novel engineering solutions to the
problem, like the one devised by geochem-
istry doctoral student Kurt Zenz House. 

In a paper published last fall in Environ-
mental Science and Technology, House and his
coauthors—including McKay professor of
materials science Michael Aziz and Daniel
Schrag, professor of earth and planetary
sciences and of environmental science and
engineering, who directs Harvard’s Cen-
ter for the Environment—suggest a new
CO2 mitigation strategy modeled on
Earth’s natural ability to absorb carbon
dioxide. Rainwater and rivers collect CO2
from the atmosphere, creating a weak acid
that gradually dissolves any silicate rock it
washes over. This produces a carbon-

bearing alkaline solution that eventually
flows into the ocean, which functions as a
vast “carbon sink.” Unfortunately, this
natural cycle, known as “weathering,” is
very slow—and the rate at which carbon
moves from the atmosphere to the ocean
is being overwhelmed by human CO2
emissions. (The atmosphere now holds an
estimated 380 parts per million [ppm] of
CO2, compared to 280 ppm in the pre-in-
dustrial age, and that figure is increasing
by about 2 ppm of CO2 a year.)

House proposes using a much stronger
acid to speed up the weathering cycle
and enhance the ocean’s carbon-absorb-
ing capacity. The goal is to make the
ocean more alkaline, increasing its ability
to suck CO2 from the air. Such a process,
eventually, could soak up an additional
3.7 billion tons of CO2 a year, about 10
percent of total annual emissions, Aziz
says. In one scenario, this would involve
100 industrial plants—each comparable
in water-handling capacity to a large
urban sewage-treatment facility—where
electric current would be used to remove
hydrochloric acid from seawater. The
acid would then be poured on igneous
rocks, dissolving them to create a pH-
neutral solution that could be returned
to the ocean. To power this process, the

researchers imagine building the plants
at geothermally active coastal sites re-
mote from human population centers.
“We don’t want to release any CO2, be-
cause that defeats the purpose,” House
explains. “Geothermal energy from vol-
canoes is very cheap and clean [and avail-
able], since we don’t build cities on vol-
canoes.” The surrounding volcanic rock
also provides the right material to neu-
tralize the hydrochloric acid. 

Previous researchers considered adding
alkaline material to the ocean directly to
boost CO2 absorption, but a large supply
of such substances is hard to find. While
jogging along the Charles River in the win-
ter of 2006, House suddenly realized that it
would be simpler to remove acid from the
ocean. At a conference a few months later,
he discussed the idea with his brother
Christopher, a geology professor at Penn-
sylvania State University: “I told him what
I was thinking and we started doodling on
napkins.” (Christopher eventually served
as a coauthor of the paper.) 

Part of the idea’s appeal is that it ad-
dresses all sources of CO2, not just power
plants. It might also, in theory, benefit
coral reefs. The rise in CO2 levels has made
the oceans more acidic, a
condition that harms
the reefs and
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Electrochemical weathering involves four steps. First, an electric cur-
rent is applied to seawater, causing it to separate into an acidic 
solution—primarily hydrochloric acid (HCl)—and a basic solution—
primarily sodium hydroxide (NaOH): a process called “salt splitting.”
Second, the separated NaOH is used to capture carbon dioxide (CO2)
from the atmosphere. That can occur either in a spray tower or in the
surface ocean. Either way, the NaOH reacts with CO2 to form sodium

bicarbonate (NaHCO3)—commonly known as baking soda. Third, the 
HCl must be neutralized. One way to neutralize the acid is to cause 
it to react with volcanic rock—thereby triggering the formation of salt,
sand, and water, all of which can then be returned to the ocean. The
final step involves the CO2 that has been added to the ocean. Over
time, that CO2 will react with calcium in the ocean and precipitate as
calcium carbonate—commonly known as limestone.



organisms with shells. Controlling ocean
pH with this process might help. 

House is used to thinking in innovative
ways about the CO2 problem: he previ-
ously collaborated with his adviser,
Schrag, on a plan to capture CO2 directly
from power plants and bury it deep in the

earth or in sediments at the bottom of the
ocean. But when this latest paper ap-
peared, and news outlets around the
world reported its potential benefits, the
coverage made House and his coauthors
uneasy; they warn against seeing their
proposal as a silver bullet for global warm-
ing. “If everything works out, this process
could possibly deal with 10 percent of the
carbon problem, maximum,” Aziz says.
“And even that’s optimistic.”

Part of the problem is expense. It’s hard
to arrive at accurate figures without fur-
ther study, House says, but rough calcula-
tions suggest that the process would cost
at least $100 per ton of CO2 removed,
compared with $50 to $60 per ton in other
CO2 sequestration techniques. Schrag is
also concerned that increasing the alkalin-
ity of seawater could trigger the precipita-
tion of carbon as calcium carbonate; he
believes this would return half the carbon
dioxide to the atmosphere, making the
process twice as expensive. 

Another potential drawback is the
possible harm to marine life created by
the highly alkaline solution that would
exist in seawater around the plants. “We
should be very clear that we’re talking

about mucking with ocean chemistry,”
House says. The process mirrors a nat-
ural phenomenon, but accelerating it so
drastically is “almost certain to cause
some damage.” (He adds, however, that
rising CO2 levels mean “we’re already
mucking with ocean chemistry. We’re

just doing it in a less conscious way.”)
Furthermore, some of the technologies
required to drive the process, including
machines to electrolyze seawater, and a
hydrogen-chlorine fuel cell, are insu∞-
ciently developed. Aziz believes a pilot
plant could be five years o≠, even in the
best circumstances.

Schrag, less optimistic, believes the idea
is impressively clever, but faces “serious
challenges that may prove insurmount-
able. The scale of the experiment we’re
doing on the atmosphere by burning so
much fossil fuel is enormous,” he says, “so
trying to engineer a solution by accelerat-
ing natural processes turns out to be ex-
tremely challenging. But we have to keep
thinking of ideas like this one in case there
is a good solution.”            �erin o’donnell

michael aziz web page:
seas.harvard.edu/matsci/people/aziz/
aziz.html
kurt zenz house web page:
www.people.fas.harvard.edu/~khouse/
home.htm
daniel schrag web page:
www.eps.harvard.edu/people/
faculty/schrag
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R
ecent graduates may take for
granted the migration of one-fifth
of their classmates into finance-
sector jobs, but things haven’t al-

ways been this way. In a survey of 6,500
Harvard graduates from selected classes
between 1969 and 1992, Claudia Goldin and

Lawrence F. Katz—Lee professor of eco-
nomics and Allison professor of economics,
respectively—found that the percentage of
graduates who choose to work in finance
has increased drastically over time.

Among those who graduated around
1970, 22 percent of the men were in finance

“If everything works out, this process 

could possibly deal with 10 percent

of the carbon problem, maximum. And

even that’s optimistic.”
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