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As of late, there has been much talk about climate change and the contribution that carbon
dioxide produced from burning fossil fuels is making to this phenomenon. Although this may
be seen by some in the hydrocarbon industry to be bad news, others are seeing the
opportunities created by the possibility of trapping this carbon dioxide underground before it
is released into the atmosphere. As regulators tighten their belts on carbon dioxide emissions,
forward-looking oil and gas companies are rising to the challenge and beginning to make the
necessary early investments in carbon capture and storage technology to prove that it can be
employed to meet the challenge of climate change in a technically and economically feasible
way. The focus of carbon capture and storage has so far been on the coal industry, but in this
article, the authors assess what this technology means for those in the gas industry.

Lewis McDonald(L) and Simon Tysoe(R), legal practitioners at
renowned law firm Herbert Smith, London, share with us their thoughts
on Carbon Capture and Storage from the cost and feasibilty angle. Both
have recently been involved in assisting BP and Centrica with their
initial ventures into this emerging technology. This paper was presented
at the recent GASTECH 2008 Summit in Bangkok.

Carbon Capture and Storage –
A Threat Or An Opportunity

Gas has for many years been the “fuel of
choice” for power generation. Gas is
clean, reliable, abundant and gas-fired
power stations can be built quickly and

cheaply compared with other power stations using
other forms of fuel. However, the success of gas in
recent years has led to a sharp increase in demand
and an associated increase in the price. This has led
many European countries in particular, to become
concerned about being overly reliant on this single
fuel, particularly as domestic reserves are dwindling.

This concern has resulted in consideration of
alternative fuels for power generation.  However, the
alternatives are not without their own issues:
renewables are not yet suitable for base-load power
generation; there is limited capacity to increase hydro
power; decommissioning nuclear power stations

remains costly and problematic and there are complex
issues with long-term waste disposal; and, although
coal is cheap and abundant, the carbon dioxide
emissions from coal-fired power stations are much
higher than those from other power stations.

This comes at a time when the need for new
electricity generation capacity in the developing
world is growing, and when many of the existing
plants in more developed economies are coming to
the end of their life.  Developers and policy makers
worldwide are now forced to balance these potentially
conflicting imperatives.

An area of recent focus has been the role of Carbon
Capture and Storage (CCS) in the overall reduction
of carbon emissions from the combustion of fossil-
fuels in the power generation process, and its role in
enhancing security of supply by bringing coal back
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into the energy mix alongside renewables, new
nuclear and new gas fired plants.  Recently, we have
seen a rapid increase in the number of announced
CCS projects in the U.S, Europe, the Middle East and
Australia and increasing competition to develop the
first commercial CCS project.  These developments
have prompted many in the gas industry to ask
whether this technology, in the current environment,
is a threat or an opportunity.

In this article we provide an overview of the drivers
behind CCS and appraise the current status of CCS
technology.  We also investigate the key issues holding
CCS back from wide-scale deployment and comment
on the application of CCS to the gas industry.

WHAT ARE THE DRIVERS BEHIND CCS?
1.1 Energy consumption is rising and is to remain

largely to be dependant on fossil fuels
The International Energy Agency (“IEA”) projects

in its World Energy Outlook 2007 “business as usual”
reference scenario that global demand for energy
will increase by over 55% between 2005 and 2030.
Much of this increase can be attributed to increased
urbanisation and industrialisation in the emerging
markets of Asia, with 45% of this increase expected to
come from China and India alone.

This rise in energy consumption is expected to be
largely met by an increase in consumption of fossil
fuels. Oil, gas and coal are together expected to
account for 84% of the expected increase in energy
demand, with the biggest contribution to this growth
expected to arise from an increase in demand for
coal-fired power generation in China and India. In
the absence of a significant shift in policy, renewable
energy is not expected to contribute to more than 2%
of global energy demand.

1.2 This leads to an increase in Carbon Dioxide
(CO2) emissions

The IEA predicts that the rise in fossil fuel
consumption and the increased use of coal in
particular is expected to lead to a 57% rise in CO2
emissions between 2005 and 2030.

It is becoming increasingly accepted that the rise in
CO2 emissions is contributing to climate change and
that a substantial reduction in global CO2 emissions
will be required to avoid the most serious effects of
climate change.  At the moment, there is no certainty
as to exactly what is required to combat climate

change, but the Intergovernmental Panel on Climate
Change (“IPCC”) has suggested that reductions in
CO2 emissions of between 50 and 85% of 2000 levels
would be required by 2050 in order to stabilise global
temperatures at a safe level.

1.3 It is necessary to de-couple CO2 emissions
from fossil fuel consumption

To achieve the necessary level of reductions in CO2
emissions, whilst also meeting the expected growth
in energy demand from fossil fuels, it is necessary to
break the link between increased consumption of
fossil fuels and increased CO2 emissions.

There are two principal methods that can be
employed in this regard:
• Increasing the efficiency of converting fossil

fuels into power. There is a huge potential for
energy efficiency to increase over the next 25 years
and this is expected to make a major contribution
towards de-coupling increased CO2 emissions from
increased energy consumption.  Major efficiency
gains in the power sector have already been
achieved by the switch from coal to gas and this is
expected to continue, particularly in Europe.  In
addition, newly built, coal-fired power stations
are increasingly employing supercritical
technology making them much more efficient than
their predecessors.

• Capturing the CO2 associated with fossil fuel
combustion before it escapes into the atmosphere,
and then storing it underground so that it does
not reach the atmosphere and contribute to global
warming. CCS reportedly has the potential to
reduce CO2 emissions from power stations by
approximately 80-90%. Some commentators
suggest that the wide-scale deployment of CCS
will be essential to ensure the world’s energy
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demands can be met from fossil fuels whilst also
maintaining carbon emissions at safe levels.

2. The elements of CCS
CCS is a process of separating, transporting and

storing CO2 emissions from large fossil fuel-based
power plants and manufacturing facilities.  It is
important to note that although the focus of CCS has
been on its application to coal-fired power generation,
CCS can also be employed in relation to any industrial
facility that produces significant quantities of CO2,
such as gas processing facilities.

CCS in the context of a gas-fired power station is
represented in the following diagram, which is a
schematic of BP’s proposed CCS project in Peterhead,
Scotland. This shows the 3 stages involved in the CCS
process:
• CO2 separation and capture;
• CO2 compression and transportation; and
• CO2 injection and storage.

2.1 Capture
Capture of the CO2 can occur in one of three principal

ways: through post-combustion flue gas separation,
pre-combustion capture or oxygen-fuelled
combustion.

Post-combustion separation involves “scrubbing”
CO2 from the flue gases emitted from power stations
or industrial plants.  This has the advantage of being
able to be “retrofitted” to existing plants but is very
expensive to employ to power stations because of
high construction costs and energy intensity.  It holds
greater promise in relation to manufacturing plants,

which have higher proportions of CO2 in the flue gas
mix.

Pre-combustion capture involves CO2 being
separated from natural gas or gasified coal, resulting
in a stream of CO2 and a hydrogen-rich stream which
can be burnt in traditional gas-fired turbines. Oxy-
fuelled combustion is a technology in the
demonstration phase which involves coal or gas
being combusted in an oxygen rich environment,
resulting in high CO2 concentrations in the gas stream
and thus easier separation of the CO2. This technology
can also be retrofitted to existing power stations but
is very expensive to employ.

As well as being applied to coal-fired power stations,
all three of these capture technologies have the
potential to be applied to gas-fired power stations.
They can also be employed in capturing the CO2
emissions from gas processing plants (eg TOTAL’s
proposed Lacq Project in France).  A number of trial
projects and commercial scale projects are being
developed around the world to test these various
capture technologies.

2.2 Transportation
The capture stage is followed by compression of

the CO2 into a liquid or supercritical form and then
transportation to a storage site.  Due to the quantities
of CO2 involved, the most likely form of transportation
to be employed is by pipeline, although it would also
be possible to transport smaller volumes of CO2 by
ship or truck. Pipeline transportation of CO2 is a well-
established technology that is already extensively
employed across the US, where a network of over
2,500 km of transportation pipelines has been
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developed to transport CO2 for use in enhanced oil
recovery.

2.3 Storage
The final stage in the CCS process is storage of the

CO2, which usually involves injection of the CO2 into
underground geological formations (i.e. depleted oil
and gas reservoirs or aquifers), both onshore and
offshore.

Injection of CO2 involves well-established
technology, developed by the US oil and gas industry
for the purpose of enhanced oil recovery.  However,
there is only very recent experience in monitoring the
long-term fate of injected CO2.  A number of industrial
scale trial projects are underway to test the long-term
storage of CO2. The longest running project is in
Norway where Statoil has been injecting around 1
million tonnes of CO2 per year from its Sleipner field
into the Utsira aquifer since 1996 with no detected
leakage. Another major project is the Weyburn-
Midale project in Canada where more than 5 million
tonnes of CO2 has been injected since 2000 for the
purposes of enhanced oil and gas recovery without
any apparent leakage.  Other CO2 storage trials exist
in Australia and Algeria.

For CCS to be effective as a technology which can
reduce CO2 emissions, the CO2 injected must be
safely stored over geological time frames. These trials
suggest that this may be possible. In addition, the
IPCC suggests that there should be no theoretical
problem in safely storing CO2 over the long term in
suitable saline aquifers and oil and gas fields and the
risk of leakage over a period of about 1000 years is
likely to be less than 1%.  However, given the limited
practical experience of long-term storage of CO2, the
storage element of the CCS chain is the one which
gives rise to the greatest concern for the public and
regulators.

3. KEY ISSUES FACING the deployment of CCS
3.1 Although the elements of CCS are all individually

proven, power generation with CCS as a whole has
not yet been proven on a commercial scale.

Although CCS is theoretically possible in the context
of a power station, it has not yet been employed as a
whole on a commercial scale.  As we have set out
above, the technologies involved in the individual
elements of CCS are at varying stages of development
and have not been fully integrated into a single
system.

However, there is a great deal of activity taking
place around the world to improve the technologies
involved in the individual elements of CCS, in
particular the capture and storage of CO2.  The extent
of this activity is demonstrated by the volume of
projects listed in the databases maintained by
the International Energy Agency at http://
www.co2captureandstorage.info/search.php.

A number of projects have been proposed in
Australia, China, the Middle East, the UK, continental
Europe and the U.S to demonstrate the integration of
all three elements of CCS on a commercial scale.
There is currently a race on to develop the first of
these projects, which could be up and running by as
early as 2011. Most of these projects involve the
application of CCS to coal-fired power stations.  This
reflects the higher CO2 emissions from coal-fired
power stations compared with gas (around 4 MtCO2
per year from a typical coal-fired power station
compared with less than 1 MtCO2 per year from a
typical gas-fired power station).  In a heavily carbon-
constrained world, the future of coal-fired power
largely depends on the CO2 emissions being captured
and stored and so the incentive for companies with
coal interests to prove that CCS works is great.  This
is also of interest to governments concerned about
becoming too heavily reliant on imported gas, such
as the US and Europe.

However, there is also interest in proving CCS in
the context of gas.  The Norwegian Government and
Statoil-Hydro have announced plans to construct a
CCS facility to capture the CO2 emissions from a gas-
fired power and heating station in Mongstad,
Norway. The pilot plant for this project is expected to
be in place by 2010. Until recently, BP was also
investigating the potential for a gas-fired power
station employing CCS in the North Sea.  Hydrogen
Energy (the global joint venture between BP and Rio
Tinto) in conjunction with Mubadala has also recently
announced (in January 2008) the development of the
world’s largest hydrogen power in Abu Dhabi, to be
powered by natural gas, equipped with CCS and
utilising enhanced oil recovery.

The first commercial scale demonstration projects
will provide vital lessons for the development and
optimisation of CCS.

3.2 CCS is currently very expensive to commission
Current estimates suggest that the costs associated

with CCS based on existing technologies are
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prohibitively high.  In the context of CCS for power
generation, these costs are estimated at between
US$40 to US$90 per tonne of CO2 avoided, depending
on the power plant fuel and the technology used.  The
European Commission has also stated that CCS in
power generation adds capex costs of 30-70% above
non-CCS equipped coal-fired plants and operating
costs of between 25-75% above non-CCS equipped
coal-fired plants.

The biggest contributor to the cost of a CCS project
is the cost of capturing CO2. This cost includes the
“energy penalty” associated with CCS, ie. the need
for increased energy production to meet the power
requirements of the carbon capture facilities
themselves.  It has been estimated that a power plant
with CCS would need approximately 10-40% more
energy than a non-CCS plant (depending on what
type of plant it is).

It is important to note that estimates for the costs of
CCS vary widely depending on the specifics of
particular projects, the fuel source used and the
capture technology usually do not take account of
the costs of complying with regulations governing
storage of CO2 or insuring against the long-term
liabilities associated with the storage of CO2. The true
costs of CCS will only really be known some years
into the commercial demonstration of the full CCS
chain.

A massive research and development effort is
required to reduce the costs of CCS, in particular in
relation to the process of capturing CO2.  As indicated
above, this push is currently underway. The IPCC
has estimated that the costs of capture could be
reduced by 20-30% and possibly even more over the
next decade.

3.3 Financial incentives need to be developed to
meet the costs of CCS

In order for CCS to become economically viable,
sources of revenue must be available to meet the
additional costs associated with CCS. Sources of
revenue are limited for CCS projects and relate to the
production and storage of CO2.

In relation to the production of CO2, it may be
possible for additional revenues to be derived from
selling CO2 to oil and gas producers for use in
enhanced oil and gas recovery. However, the revenues
derived from enhanced oil and gas recovery are
highly uncertain and depend heavily on the location
of the project and the characteristics of nearby oil and

gas fields. This is especially so in respect of offshore
oil and gas fields, where enhanced oil recovery has
yet to be trialled.  If they are available, revenues from
enhanced oil and gas recovery could provide a useful
catalyst for the early development of some CCS
projects.

In relation to the storage of CO2, financial incentives
will need to be developed by governments to reward
the operators of CCS facilities for storing CO2 rather
than releasing it into the atmosphere.  These financial
incentives could take the form of feed-in tariffs, taxes
or market-based approaches. Alternatively, CCS
could simply be made mandatory for any coal or gas-
fired power station, leaving the increased costs to be
passed on to consumers in the form of higher
electricity prices.

At present, it is only in Norway where sufficient
financial incentives exist to make the storage of CO2
viable.  This is through the imposition of a tax of _40
per tonne on CO2 emitted from offshore oil operations
and explains why Statoil has been storing CO2 as part
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of its Sleipner project.
The most likely long-term funding stream for CCS

projects is through linking CCS projects to
international carbon trading markets. Carbon markets
(such as the EU emissions trading scheme) create a
price for CO2 and therefore have the potential to
reward operators of CCS projects for their investment
in storing CO2. CCS is not currently recognised under
the international climate change agreements and is
also not recognised under the EU emissions trading
scheme. However, the European Commission is
currently proposing to recognise CCS within the
third phase of the EU emissions trading scheme
(from 2013), and would allow Member States to opt
CCS projects into the current phase of the scheme.
Even if CCS can be recognised in this way, the
adequacy of this as a funding source for CCS projects
will depend on the stability of the scheme over an
investment time scale and the stability of the carbon
price created by the scheme.

A broader issue with the development of an
international carbon market incorporating CCS is
the future of the international climate change
agreements which underpin such a market. The
current international climate change agreement is set
to expire in 2012 and the details of a replacement
agreement are unlikely to be settled until the end of
2009. The uncertainty over the form of this agreement
makes it difficult to predict the nature of any incentive
scheme for CO2 emission reduction (and CCS) that
will be in place following 2012. Although the EU is
likely to maintain its market-based scheme in the
absence of a clear international framework until at
least 2020, it is unclear what will apply beyond this.
Climate change is a global issue and so individual
nations are unlikely to take costly measures to address
the issue unless other nations are taking similar
measures.

The uncertainty surrounding the funding of CCS
projects means that it is unlikely that the private
sector will invest in CCS projects without direct and
significant financial support from governments. To
illustrate this point, BP’s recent decision to withdraw
from its DF1 project in Peterhead was largely
motivated by a failure of the UK government to
commit adequate financial support to the project.
Further, the initial commercial demonstration projects
are largely funded by direct government grants or
subsidies.  For example, in the UK a competition was
launched in November 2007 by the UK Government

to provide funding for a 300MW coal-fired power
station employing post-combustion CCS technology.
The Mongstad project in Norway is also supported
by government funding. Until very recently, a
commercial-scale CCS equipped coal-fired power
station was also to be developed in the U.S with
significant support from the U.S Department of
Energy (the “Futuregen” project), but government
support for this project was withdrawn on 31 January
2008 due to escalating costs.

3.4 There is significant legal uncertainty associated
with the storage element of CCS

Although the capture and transport elements of
CCS can largely be dealt with under existing
regulations, the storage element of CCS raises a raft
of legal issues which differ from jurisdiction to
jurisdiction and which have not yet been fully
resolved.

There has been progress on this front recently, with
the major international marine convention being
amended last year to allow the storage of CO2 under
the sea-bed provided that the CO2 stream emanating
the CCS process is “overwhelmingly” comprised of
CO2.  In addition, there has been recognition in some
jurisdictions (including the UK and Norway) that
projects associated with oil and gas operations can
take place under existing petroleum legislation.
However, projects that are not associated with oil
and gas operations require a completely new
regulatory regime to be developed.

The major outstanding legal issues are:
• ownership rights for access to CO2 storage sites;
• who should bear the liability for leakage of CO2

from a storage site, particularly in the long term;
and

• the interaction of CCS with existing laws, such as
anti-dumping legislation.

This is a fast-moving area – the European Union is
leading the way and has proposed a Europe-wide
directive to resolve all of the legal issues associated
with CCS.  There is also intense activity in the UK
(where the Energy Bill released earlier this year
proposes a regulatory framework to enable off-shore
CCS), Australia and some US states to resolve these
legal issues.

3.5 There is likely to be public perception issues
with CCS
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Although relatively little information on CCS has
been expressly aimed at the general public, awareness
and concern about climate change have grown rapidly
during the past few years and there has recently been
greater media coverage of CCS and its role in climate
policy.  It is likely that the public will be inclined to be
wary of CCS as a new technology, but will become
more comfortable with the concept of CCS as they
gain familiarity with it and see it in the context of a
portfolio response to climate change rather than a
stand - alone option. The main concern of
environmental groups and the general public is the
risk of leakage from CO2 storage sites and the
associated local health and safety issues that can
arise from CCS. It will be important for early
demonstration of CCS projects to proceed safely in
order for wide-scale adoption of this technology to
be generally accepted.

4. Does CCS REPRESENT A THREAT OR AN
OPPORTUNITY TO THE gas industry?

Although it is likely that a number of CCS
demonstration projects will emerge over the next
decade, CCS is unlikely to be widely deployed on a
commercial scale until the technology has been
proven, the costs have been substantially reduced
and greater certainty has arisen in relation to the
funding of CCS projects and the regulations governing
them. The European Commission estimates that CCS
could be commercially viable in 2020 or soon
afterwards. In this sense, CCS does not pose any
immediate threat to the gas industry.

During the current period of uncertainty
surrounding CCS, building a gas-fired power station
continues to represent a sensible hedge against the
increased regulation of CO2 emissions, given the
substantially lower CO2 emissions from gas-fired
power stations and lower construction costs
compared with coal-fired power stations. The current
applications for consent to build power generation
facilities in the UK are almost exclusively for gas or
renewable energy, indicating that despite its high
price, gas remains the fuel of choice for base-load
power generation in the UK and that a switch to coal
or nuclear has not yet occurred.

If the issues with CCS are resolved and CCS does
become a feasible technology, this is likely to broaden
the choices available for new power generation by
increasing the attractiveness of building coal-fired
power stations equipped with CCS.  If gas prices and

carbon prices continue to rise, it is conceivable that
this may lead to coal-fired power stations being more
attractive to build than gas-fired power stations,
which may begin to erode the dominance of gas as
the preferred fuel for power generation.  This is most
likely to occur in Europe because of the role of the
carbon market.

Whilst in the long term CCS equipped coal plants
may erode the dominance of gas in the European
power sector, the wide-scale deployment of CCS in
relation to coal-fired power stations may create
opportunities for the gas industry.  If adopted in any
material way, CCS equipped plants will produce
substantial supplies of CO2 that will need a secure
storage site. The most attractive home for CO2 is a
geological formation that has already been proven to
be gas tight, eg a depleted hydrocarbon field.  The
IPCC estimates that the storage potential of depleted
oil and gas fields is 675-900 Gigatonnes of CO2 (almost
50 years of current global CO2 emissions).  The use of
CO2 in this way may prove to be advantageous for
the gas industry in the following respects:
• it may free natural gas that is otherwise being used

for enhanced oil recovery and/or pressure
maintenance;

• the CO2 may be used for enhanced gas recovery
which may allow for the recovery of previously
unrecoverable gas and coal bed methane; and

• it may encourage the ongoing use of gas pipeline
infrastructure for use in CO2 transportation which
may defer decommissioning costs.

To this extent, CCS seems to offer more to the gas
industry than other alternative energy sources such
as renewables and nuclear.

Schools of thought differ on whether CCS is ever
likely to be employed in relation to gas-fired power
stations or whether it will be restricted to coal.  In a
future where CO2 emissions are very heavily
constrained it is foreseeable that operators of gas-
fired power stations may be required to employ CCS
technology to their power stations.  Regulators in the
UK are already requiring applicants for new-build
gas-fired power stations to ensure that these power
stations are “capture ready”, ie, that that there is
sufficient land associated with them to employ CCS
technology in the future.  The European Commission
has also proposed this requirement in a draft directive
published earlier this year and has also indicated that
it may make CCS mandatory in power generation if
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the private sector and member state governments do
not voluntarily develop early demonstration projects.
The Mongstad demonstration project in Norway and
Hydrogen Energy’s project in Abu Dhabi will provide
vital information on the feasibility of employing CCS
to gas-fired plant.

In conclusion, given the potential opportunities
CCS can provide to the gas industry and the potential
threats associated with CCS increasing the
competitiveness of coal, it would seem worthwhile
for participants in the gas industry to stay abreast of
developments in CCS. CCS technology is still in its
infancy and it will be interesting to observe the
progress that can be made in CCS technology through
the many demonstration projects that are being
undertaken over the coming years. Given the potential
contribution that CCS can make to mitigating CO2
emissions, it will also be interesting to observe how
the international climate change framework develops
over the coming years and whether agreements can
be reached to recognise CCS in this framework and to
provide the basis for funding the high costs associated
with CCS.
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