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Carbon capture

I
f you believe the critics, at best it’s an environmental
band aid and, at worst, carbon dumping. Whatever
your view, the notion of burying the carbon dioxide
emissions problem underground is here to stay. On
10 February this year, an amendment to international
law came into force, allowing the greenhouse gas to

be buried beneath the sea floor.
Sequestration supporters claim that this modification to

the London Protocol, which forbids the dumping of certain
wastes at sea, clears the way for the commercial development

and roll-out of carbon capture and storage technologies. And
support for sequestration doesn’t stop here.

In his review of the economics of climate change, former
World Bank economist Sir Nicholas Stern identified carbon
capture and storage as key to cutting greenhouse gases. And
only in March, the European Council highlighted the global
benefits of sustainable fossil fuel use while backing EU
plans to establish a mechanism to build 12 demonstration
plants by 2015.

If you look at the potential for storage, it’s easy to see

why. According to the International Energy Agency, the
global geological storage potential for carbon dioxide
ranges from 1000 to more than 10,000 GtCO2. As a
comparison, 2001 global carbon dioxide emissions from fuel
combustion totalled 24 GtCO2 and are projected to reach 
38 GtCO2 in 2030.

But, despite relaxed laws, EU enthusiasm and the
massive potential to cut emissions, controversy around
undersea carbon dioxide storage is rife. One major sticking
point is leakage.

Dead and buried

THE GREAT ESCAPE
In October 2004, experimental carbon dioxide injection
began at the Frio formation, an old brine-filled oil reservoir
on the Texas Gulf Coast, US. At the same time, researchers
from the US Geological Survey in Menlo Park, California,
started collecting fluid and gas samples. Recent samples
indicate that minerals in the rock walls are being dissolved
by a mixture of carbon dioxide and salt water in the
reservoir. Could this mechanism eventually create tunnels
in the rock, allowing gas to seep out?

As with this and other scenarios, opinion is divided. In
this instance, Menlo Park researchers say ‘mineral
corrosion’ could be particularly problematic at sites where
existing cracks in the rocks are filled with carbonate-rich
minerals. Meanwhile, other scientists are adamant such
formations are well configured to contain carbon dioxide.

One such scientist is Dr Andy Chadwick from the British
Geological Survey. Chadwick has been investigating the
behaviour of carbon dioxide injected into the brine-filled
aquifer Utsira, overlying the Sleipner field in the Norwegian
North Sea.

Utsira is a massive formation, some 500km long, 50km
wide and 200m thick, 1000m below the sea bed. Chadwick’s
time-lapsed seismic monitoring studies over the past six
years have revealed how the carbon dioxide ‘plume’ is
developing within Utsira.

“These underground reservoirs are not caverns, but solid
rocks with saline water in the pore spaces. Carbon dioxide
is pumped into the pores,” explains Chadwick. “So far, we
can’t see any leakage out of the reservoir into the overlying
rock, and even if there was leakage, there is about 800m of
low permeability rock between the reservoir and the seabed.
Carbon dioxide won’t go through that very easily.

“We anticipate this carbon dioxide to stay within the
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Can we conquer climate
change by burying carbon
dioxide underground?
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reservoir, not for tens and hundreds of thousands of years,
but, for all intents and purposes, forever,” he adds.

Clearly the Sleipner project has been a success story so
far, but, as Chadwick points out, the Utsira sand is actually
a remarkably good site for carbon dioxide storage. And,
while many equally good sites exist, others may contain
faults or alternative pathways through which carbon
dioxide could vent up to the surface. Looking to future
burial sites, Chadwick emphasises the importance of
regulating site selection to minimise leakage risk.
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We anticipate this carbon dioxide to
stay within the reservoir, for all
intents and purposes, forever
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or alternating water and carbon dioxide injection.
But – while he believes the technology exists to inject

carbon dioxide on an industrial scale – he points out that,
if geological carbon dioxide sequestration is to be an
important player in mitigating atmospheric greenhouse gas
emissions, the volumes needed to be injected are enormous.
Returning to Sleipner; around 0.8 million tonnes of carbon
dioxide have been injected into Utsira every year for 
10 years. But if you were to capture the gas from a power
station you would be looking at injection rates of around
four million tonnes a year.

And, akin to Chadwick’s demands for regulations during
storage site selection, Juanes also believes a framework is
crucial to any carbon capture and storage scheme. “The
biggest question is whether governments will put in place
the necessary regulatory structure – to tackle liability issues
– and economic incentives, such as a carbon tax, for this to
happen in a big way,” he says.

But, while the geological consensus is that aquifers are
crucial to storing the bulk of our vast volumes of carbon
emissions in the long run, depleted oil and gas wells provide
a cheaper way to get carbon storage up and running.
Indeed, many believe these structures are, in the short term,
a more viable option for carbon dioxide storage.

Myriad investigations by oil and gas companies have
already unveiled a wealth of geological information about
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depleted hydrocarbon fields. What’s more, this industry has
been injecting carbon dioxide into these formations for
enhanced oil recovery, for several decades. Established
infrastructure means many previous enhanced oil recovery
sites are likely candidates for large-scale carbon storage.

However, some in the industry question the geological
stability of such sites. Are they still stable after drillers have
sunk up to hundreds of exploration and production wells
into each field? And won’t carbon storage rely on these
plugged wells remaining permanently sealed?

Much research is already underway in response to these
uncertainties. In fact, many in the industry are not worried
about leakage, confident that monitoring of these structures
will pick up any weaknesses in the rock.

Dr John Gibbins of the Energy Technology for
Sustainable Development Group at Imperial College
London, UK, is adamant leakage shouldn’t be an issue for
such carbon storage.

“Can you guarantee nothing will ever leak? Of course
not, but leakage is not very likely,” he states. “And even ➔

“You don’t want a regime that is too stringent, as,
ultimately, this is something that is trying to save the
planet,” he adds. “But at the same time you want one that
is sensible and effective.”

So, what would happen in the event of a leak through an
aquifer? Not a great deal, says Chadwick. “Any site chosen
is likely to have a series of geological units above the
reservoir that will act as barriers to carbon dioxide, and the
probability of the gas leaking up through potentially
thousands of metres of rock would be absolutely minimal,”
he explains.

Across the Atlantic, a team of researchers has also
claimed that worries over carbon dioxide leaks are
unfounded. Dr Ruben Juanes and colleagues from the
Massachusetts Institute of Technology have developed a
computer model of the movement of carbon dioxide
injected into a saline aquifer. Their work shows that, while
the gas will first rise in a plume towards the rock surface,
its passage through the porous rock is restricted by the
brine within the rock pores, pinching the gas plume into
small bubbles. These gas bubbles will remain trapped
within the pores and slowly dissolve into the brine.

“We have shown that this is a much safer way of
disposing of carbon dioxide than previously believed,
because a large portion – maybe all – of the carbon dioxide
will be trapped in small blobs in the briny aquifer,” explains
Juanes. “Any faults or fractures within the rock are now less
of a concern.”

All very well in theory, but can such computer models be
applied in practice? Juanes says yes, explaining how this
process of ‘capillary trapping’ can be best exploited by
injecting carbon dioxide into the aquifer at high flow rates

Storage options for carbon dioxide
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Carbon capture

One such legality is the OSPAR Convention, jointly run
by the European Commission and 15 Europe-wide
governments, to protect the marine environment of the
north east Atlantic. While it is possible that OSPAR
members could seek to protect habitats or species in an area
where carbon dioxide disposal is planned, Gibbins doesn’t
believe this will pose a problem. “OSPAR is a barrier, but it
is being worked on. I don’t think it will delay [rolling out]
carbon storage,” he says.

However, he warns that waiting for an extensive
regulatory framework could hamper progress. “It would be
silly to get too hung up on sorting out a framework of
regulations for rolling out vast amounts of sequestration,
we just need enough for the first few projects. More would
be a waste of time.”

Gibbins is certain that, to realise the full potential of
carbon capture and storage projects in cutting greenhouse
gas emissions, time is of the essence. As such, he believes
the European Union should focus on building just a few,
fully funded, pre-commercial plants by 2015, to ‘break the
ice’ and prove the technology.

“The first decent-sized carbon capture and storage
project – say 800MW – would provide nearly half as much
decarbonised electricity as all the wind the UK has put in
so far, and that’s just one project,” Gibbins points out. “The
EU is talking about 12 plants by 2015.”

Beyond this, he believes the industry should build up
capacity, so, by 2020, up to 10 plants are competitively
operating on a semi-commercial scale. At the same time,
post-2018 should see the industry looking to fully-
commercial sequestration, with a deployment rate governed
by the EU’s post-2020 carbon reduction targets.

This sounds like quite a plan, but where and how exactly

if there is a leak, what damage would it do? Not a lot
actually. Looking at the big picture, there might be some
localised ocean acidification.”

But, if waning oil and gas fields point to an easier and
more economic way forward for carbon storage, why has
BP’s sequestration project at Peterhead, Scotland – which
was intended to export carbon dioxide to depleted North Sea
oil and gas fields via existing pipelines – recently stalled?
Set up to be one of the first plants to demonstrate carbon
capture and storage on a large scale, BP has postponed
building the plant, attributing its decision to a lack of
government commitment.

Gibbins of Imperial College London, agrees serious
government buy-in is important to get such sequestration
projects up and running. “Industry will not lead because it
can’t. We need government buy-in so we can cut the knot on
some of the legalities at the EU and UK level,” he says.

does Gibbins see such plants being built and operated? He
is certain industry will focus on the coast, to avoid piping
carbon dioxide on land. For the UK, imported coal may be
used as it is cheap, but sourcing local coal would clearly be
beneficial. He also believes enhanced oil recovery sites are
a good initial bet as the infrastructure from oil and gas
platforms is in place and permissions have already been
granted. And likely locations include Peterhead, Teeside,
East Anglia and the Thames Estuary.

“The Thames Estuary poses a bit more of a challenge to
take the carbon dioxide away, but strategically it is a very
important place to get electricity, and is also well-placed for
coal imports from the continent,” he adds.

So it would seem that leakage and regulations are
surmountable hurdles, but what about cost? Estimations
vary, but recent figures from Scotland’s economic
development agency, the Scottish Enterprise, suggest the
costs per tonne of carbon dioxide reduced by carbon
capture and storage range from £30 to £90.

Gibbins puts the costs of deployment on a par with
offshore wind and, as such, believes they do not pose a
problem. “In the grand scale of things we are not looking at
a lot of money, indeed, the cost of all capital projects from
wind turbines to nuclear generation is increasing rapidly
right now,” he says. He also believes that any increases in

DOWN UNDER
Researchers at Australia-based CO2CRC (Cooperative
Research Centre for Greenhouse Gas Technologies)
are undertaking what they describe as “the most
advanced sequestration project in the world”.

Drilling of a 2300m research well in the Otway
Basin of Victoria has already started, so geologists can
analyse rock samples to confirm their computer
models of the basin. Up to 100,000t of carbon
dioxide will be injected into the well later this year.

The researchers say this will allow them to
undertake the most comprehensive pilot project in
the world to test at a commercial scale, the storage
and monitoring of concentrated carbon dioxide deep
underground in geological formations.

An emissions-free vision of the future

electricity costs would simply get lost in the “general noise”
from using more renewable energy sources.

Chadwick believes the financing of sequestration is
delaying projects, but asserts the cost of rolling out carbon
capture and storage (CCS) would actually be less than
many renewable sources. “CCS needs a policy to create a
market and encourage deployment akin to what the
Renewables Obligation does for renewables – a level
playing field for all carbon abatement technologies is
needed,” he adds.

So, if the key stumbling blocks preventing the take-off
of carbon storage – leakage, regulations and cost – really
can be overcome, surely fossil fuel generators are itching to
adopt sequestration? Not yet.

As David Porter, chief executive of the UK Association
of Electricity Producers, says: “We are very keen to see
some serious research and development into carbon capture
and storage, but we don’t [want to] implement a technology
before it’s even proven.”

So what’s the answer? Gibbins concedes carbon storage
proponents are ‘asking quite a lot of industry here’, so urges
the government to step in and offer initial regulatory and
economic support. As he says: “Let’s get the first few done
quickly. Once people have lost their carbon capture and
storage virginity, it will be so much easier.” ■
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