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Investing in cleaning up CO2
It is estimated that carbon capture and storage will account for 
between 10 and 55 per cent of the total carbon mitigation efforts 
until year 2100, although storage is still in its infancy 
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Vast deposits of oil, gas and coal that took hundreds of 
millions of years to accumulate are being extracted and 
burned in the geological blink of an eye. According to 

the Intergovernmental Panel on Climate Change (IPCC), the 
rapid release of carbon dioxide (CO2) from the combustion of 
fossil fuels has led to a build-up in the atmosphere. 
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Analysis by the IPCC indicates that no single technology 
option will be able to achieve the required reductions in CO2 
emissions; rather a portfolio of measures will be needed. 
Options include energy efficiency improvements, the switch 
to less carbon-intensive fuels, renewable energy sources, and 
reduction of non-CO2 greenhouse gas emissions. However, 
carbon capture and storage (CCS) technologies may allow a 
smoother transition away from fossil fuels, while at the same 
time helping to reduce the environmental pressures.

Increasing investment
CCS (also known as carbon capture and sequestration or 

clean-coal technology) involves capturing the CO2, preventing 
the greenhouse gas entering the atmosphere, and storing it 
deep underground. The IPCC estimates that the potential of 
CCS could be between 10 per cent and 55 per cent of the total 
carbon mitigation efforts until year 2100.

CCS strategies are slowly gaining momentum in both EU and 
North America as plans for demonstration projects are set in motion. 
According to the IEA around 15 power plants with CCS are being 
planned and another seven CCS projects are on the drawing board.
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In February 2008, a government-commissioned panel 
recommended that Canadian governments should spend USD 
2bn (RMB 14bn) to encourage CCS and help the industry get 
three to five projects operational by 2015. The EU has pledged 
to invest USD 9 bn (RMB 64bn) on energy-related research 
by 2014. Much would be devoted to CCS to build 12 plants 
across Europe.

Effects on the environment
The rapid release of CO2 into the environment is affecting 

how plants grow and use water, causing the oceans to acidify 
and, most importantly, causing an imbalance in the manner by 
which solar energy is trapped in the atmosphere.

While the oil price is surging to all-time highs, utilities 
switch from oil to coal, which is even more CO2 intensive. 
Despite the improving efficiency of coal-fired power stations, 
CO2 emissions remain a problem. 

In addition to these market dynamics, oil demand from 
countries including Brazil, Russia and India, China has been 
soaring in recent years. According to the International Energy 
Agency (IEA), the US and India are among the biggest emitters 
of CO2.

A recent study by McKinsey shows that global CO2 emissions 
could potentially be reduced by 50 per cent in the next 15 
years through efficiency improvements. If policy makers and 
firms could produce such efficiency gains, this would yield 
significant environmental benefits. At present, however, such 
a sudden and rapid improvement in energy productivity seems 
rather unlikely.

Capture and storage
Large-scale capture of CO2 

from fossil-fuel power plants 
is fairly developed, and CO2 
emissions can be reduced by 
up to 90 per cent, depending 
on plant type. But the storage 
of CO2 is still in its infancy and 
is controversial.

Various approaches for 
CCS have been developed and 
have proved to be technically 
feasible. However, they have 
yet to be made available on a 
large-scale commercial basis.

These are the three ways to 
store CO2 underground. Firstly, 
CO2 pumped into unused coal 

fields displaces methane which can be used as fuel. Secondly, 
CO2 pumped into and stored safely in saline aquifers that are 
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Poptential reduction in co2emissions through enhanced energy productivity,2020,billion metrictons
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underground layers of rock and salt that contain water. Thirdly, 
CO2 pumped into oil fields helps to maintain pressure, making 
extraction easier. 

 Geological storage of CO2 in underground formations like 
depleted oil and gas fields and aquifers is believed to have 
manageable environmental impacts, although further research 
is needed to clarify this issue. Storage of CO2 in the deep ocean 
is an option with potentially high environmental impacts.

In the case of deep ocean storage, there is a risk of greatly 
increasing the problem of ocean acidification, a problem that 
also stems from the excess of CO2 already in the atmosphere and 
oceans. For ocean storage, the retention of CO2 would depend 
on the depth. The IPCC estimates 30 to 85 per cent would be 
retained after 500 years for depths of 1,000 to 3,000m.

According to an environmental assessment of Norway’s 
Sleipner gas field, conducted after ten years of operation, 
geological storage is the most definite way to store CO2 
permanently. At the Weyburn project in Canada, the likelihood 
of a release of stored CO2 has been estimated at less than one 
per cent in 5,000 years.

Geological formations are currently considered the most 
promising storage sites and do not have leakage risks. For well-
selected, designed and managed geological storage sites, the 
IPCC estimates that CO2 could be trapped for millions of years, 
and that the sites are likely to retain over 99 per cent of the 
injected CO2 over 1,000 years.

Major challenges facing CCS
The first challenge is the storage technology, which is still 

in a development phase and will require more research and 
development (R&D) to ensure that CO2 storage can run reliably 
on baseload. In addition, it is unproven that once sequestered, 
carbon can be stored safely and indefinitely underground or 
that it can be transported economically over large distances, 
as is natural gas.

The second is getting policy makers to put in place the 
necessary legislative framework and allow the building of CCS 
projects as well as new pipeline technologies. A major step 
was the amendment of the 1996 London protocol on dumping 
waste at sea to allow CCS at sea. According to the European 
Environment Agency (EEA), big new markets need bold policy 
measures to exploit policy changes. Putting a tax on CO2 could 
make a difference.

The third challenge is cost. At present, academics estimate 
that, for CCS to be viable, there needs to be a carbon tax of at 
least USD 45 (RMB 320) per ton. The Norwegian Statoil started 
CCS under the sea in 1997, stimulated by Norway's tough 
carbon tax – which now stands at USD 75 (RMB 533) per ton. 
Swedish utility Vattenfall estimates the break-even cost at USD 
30-45 (RMB 213-320) per ton, of which around two-thirds is 
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invested in capture, and the remainder to transport and storage. 
But the costs may be reduced over the next years, because that 
is generally what happens as technologies are commercialised.

Surprisingly, under the EU’s emissions trading scheme, 
companies will be encouraged to make use of CCS, as the 
carbon stored underground would not require CO2 permits. 
But emissions trading alone will not be sufficient to make 
CCS economical, as building capture and storage facilities are 
forecast to add 30 to 70 per cent to the cost of building a 
power plant.

Large-scale CCS projects
As of 2007, four industrial-scale storage projects are in 

operation. Sleipner is the oldest project, being built in 1996, 
and is located in the North Sea where Norway's StatoilHydro 
strips CO2 from natural gas and disposes of the CO2 in a deep 
saline aquifer. Since 1996, Sleipner has stored about 1m tons 
CO2 a year. A second project in the Snøhvit gas field in the 
Barents Sea stores 700,000 tons per year.

The Weyburn project is currently the world's largest CCS 
project. Started in 2000, Weyburn is located on an oil reservoir 
discovered in 1954 in Weyburn, southeastern Saskatchewan, 
Canada. The first phase finished in 2004, and demonstrated that 
CO2 can be stored underground at the site safely and indefinitely. 
The second phase, expected to last until 2009, is investigating 
how the technology can be expanded on a larger scale.
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The fourth site is in In Salah, which like Sleipner and 
Snøhvit, is a natural gas reservoir located in Algeria. The CO2 
will be separated from the natural gas and re-injected into the 
subsurface at a rate of about 1.2m tons per year.

Although CO2 has been stored successfully under the North 
Sea, there are no CCS facilities currently attached to power 
plants. The IPCC estimates that some 80 to 90 per cent of the 
CO2 emissions from a plant without CCS can be avoided.

In 2003 the US government announced the FutureGen 
project – 275MW pilot zero-emission coal-fired power plant 
using CCS technology. However, the US department of energy 
decided in January 2008 to restructure the project and spend 
USD 1.8bn (RMB 12.8bn) to build several smaller pilot projects 
and do more extensive trials.

Looking to the future
The Stern Review (2006) and a recent IPCC report (2007) 

have both concluded that there is overwhelming evidence 
showing that climate change is a serious and urgent issue. 
Carbon abatement technologies, including CCS, will play 
vital roles in revolutionising techniques for combating global 
climate change.

At first glance, CCS holds the promise of continuing to use 
fossil fuels, especially coal because of its abundant reserves, 
without the harmful consequences of large amounts of CO2 
entering into the atmosphere. However, while most of the 
technologies needed for CCS are available, demonstration 
plants are still needed before CCS can be implemented on a 
large enough scale.

According to research conducted by JPMorgan, the 
technology presents a distant long-term solution for today’s 
problems. Its study shows that the technology is far from 
being mature and may need years to become reliable and 
commercially viable. The widespread adoption of CCS will 
depend on both resolving technological issues and relatively 
high carbon emission prices (see figure 3) – which would make 
the technology economical.

There is a continued rising demand of fossil fuels for 
cheap power generation. Despite the tricky economics, sheer 
abundance of carbon-intensive coal is an argument for 
pursuing CCS. It is an important long-term solution to tackle 
climate change and move towards greater sustainability in 
energy production. !

This article was written by Leonard Wagner, analyst at 
Mora Associates Ltd., www.moraassociates.com
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