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RECOMMENDATIONS FOR DECISION MAKERS

To effectively mitigate climate change and provide energy security, there is 
an urgent need to progress carbon capture and storage (CCS) demonstration 

by showing the technology in action and, through innovation combined with 
advances in capture technology, bring down costs.

It is vital that CCS is included in a portfolio of low–carbon technologies to 
tackle climate change at least cost. 

We must therefore:

implement sustained policy support that includes long-term commitments to climate 
change mitigation and strong market–based mechanisms that ensure CCS is not 
disadvantaged

boost short-term support for the implementation of demonstration projects. This will 

faster through development planning into construction and provide necessary support 
during operations

implement measures to deal with the remaining critical regulatory uncertainties, such 
as long-term liabilities. This will involve learning from the efforts of jurisdictions within 

issues have been, and continue to be, resolved

continue strong funding support for CCS research and development activities and 
encourage collaborative approaches to knowledge sharing across the CCS community

create a positive pathway for CCS demonstration by advancing plans for storage  
site selection

 
through shared hub opportunities to become ‘trunk lines’ for several carbon dioxide 
capture projects.

Cover image courtesy of Aquistore.
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ACHIEVING A LOW–CARBON FUTURE: A CALL TO ACTION FOR CCS

The world depends on energy, for which we rely predominantly on fossil fuels. Forecasts of global energy demand 
growth indicate this reliance will continue for many decades to come. The energy sector accounts for around two-
thirds of greenhouse gas emissions. Increasing quantities of greenhouse gases in the atmosphere – carbon dioxide 
(CO2

climate change.

in average global temperature of between 3.6 and 5.3 degrees Celsius (°C) (compared with pre-industrial levels), 
with most of the increase happening this century.1 The President of the World Bank Group has expressed concern 
about how this will affect our environment, prosperity and progress in sustainable development:

… a 4°C world is so different from the current one that it comes with high 
uncertainty and new risks that threaten our ability to anticipate and plan for future 
adaptation needs

2 

More than 100 countries have endorsed a goal for deep cuts in global emissions to hold the increase in global 
temperature to below 2°C.3 To achieve this goal and create a low–carbon future, we should be moving much more 
quickly to transform the way we generate and use energy. Energy–related CO2 emissions continue to rise and, in 
2012, reached a record 31.6 gigatonnes.4 

The urgency for action to reduce CO2 emissions continues to grow as each year passes.

Achieving decarbonisation while delivering more energy and growth is a challenge to be met by a number of clean 

carbon energy sources, and the use of fossil fuels and biomass with carbon capture and storage (CCS) (Figure 1).
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and fuel switching 3% (1%)

Nuclear 8% (8%)

Renewables 21% (23%)

CCS 14% (17%)

 IEA, 2012.
Note: Percentages represent share of cumulative emissions reductions to 2050. Percentages in brackets represent share of emissions reductions 
in the year 2050.

1 IEA, 2013. Redrawing the energy–climate map, OECD/IEA, France.
2 Kim, J.Y., 2012. OPED: A world 4 degrees hotter? We must avoid it, The Guardian Online Global Development, 19 November 2012. 
3  UNFCCC, COP, 2009. 

4 Ibid. 1.
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CCS has strong potential to be cost competitive in a low–carbon future. 

The International Energy Agency (IEA) has estimated that the exclusion of CCS as a technology option in the electricity 
sector alone would increase mitigation costs by around US$2 trillion by 2050.5 This is because many alternatives 
to CCS as a low–emissions technology in the electricity sector are more expensive. The addition of CCS facilities to 
existing or new build power plants will increase overall costs, quite often by a considerable margin. While it may be 
possible to reduce emissions in the electricity sector by the amount needed to limit the global temperature increase 
to below 2°C without using CCS, this would necessarily involve using more expensive technologies (Figure 2).

FIGURE 2 Costs of CO
2
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Note: 2 avoided is relative to the emissions of a supercritical 

Beyond the electricity sector, it is unlikely that energy–related and process CO2 emissions can be eliminated 
without CCS. This is because CCS is the only large–scale technology available to make deep emissions cuts in 
several industrial sectors (such as iron and steel and cement). Industrial sector emissions account for more than 

2 emissions.

It follows that the widespread deployment of CCS in the power and industrial sectors in the coming decades is 
imperative to achieving a low–carbon energy future at least cost. 

generation. However, natural gas is not carbon free and, to meet longer term emissions reduction goals, both coal– 

Developing countries are consuming energy at increasing rates as their economies industrialise and standards of 
living continue to improve. These countries are often working to bring electricity to a large number of people who 
are without it today. Accordingly, there is a pressing need to quickly build large amounts of generating capacity.

The IEA has estimated that non-OECD countries will account for more than 90 per cent of the growth in primary 
energy demand to 2035.7 Many of these countries will have access to relatively cheap sources of fossil fuels, so it 
is likely that CO2 emissions will increase dramatically without the application of CCS.

5 IEA, 2012. , OECD/IEA, France.
6  Global CCS Institute, 2011. , 

Global CCS Institute, Canberra.
7 IEA, 2012. , OECD/IEA, France.
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It is important therefore to work with developing countries as they further industrialise, by encouraging them to 
consider CCS technology as part of the low–carbon options portfolio and providing support for its implementation 
(including the necessary capacity development tools).

CCS is often mistakenly perceived as an unproven or experimental technology. In reality, the technology is 
generally well understood and has been used for decades at a large scale in certain applications. For example:

large–scale CO2 separation is undertaken as a matter of routine in gas processing and many industrial 
processes

CO2 pipelines are an established technology, on land and under the sea

large–scale injection and geological storage of CO2 has been safely performed in saline reservoirs for more 
than 15 years, and in oil and gas reservoirs for decades.

There are currently 12 operational large–scale CCS projects around the world, which have the capacity to prevent 
25 million tonnes a year (Mtpa) of CO2 from reaching the atmosphere.8

The key technical challenge for widespread CCS deployment is the integration of component technologies into 
successful large–scale demonstration projects in new applications such as power generation and additional 
industrial processes.

applications will be overcome with time. This is based on the combination of experiences gained over many 

projects, and continued investment and collaboration in global research and development (R&D) activities.

While CCS projects are progressing, the pace is well below the level required for CCS to make a substantial 
contribution to climate change mitigation. The major impediment to CCS progress is not considered to be technical 

create the economic or market conditions required for broadbased CCS demonstration (and deployment). Successful 
CCS demonstration projects in power and broader industrial applications are vital to establish a positive perception of 
CCS as a cost effective, environmentally friendly technology among investors and the general community. 

For CCS to achieve its full mitigation potential, a substantial increase in the number of large–scale projects is 
required. For this to happen, action needs to be taken on several fronts:

policy support must be strengthened to improve the business case for CCS projects 

robust, globally coordinated research and development efforts must be maintained to reduce costs 

early support for transportation and storage infrastructure is necessary to reduce the time to market for  
new projects.

In addition to these policy actions, greater efforts are needed to increase public understanding and 
acceptance of CCS technology and the importance of its development, demonstration and deployment. 

CCS as a vital part of a low–carbon future (along with other technologies). The organisations comprising 
the International Environmental Network on CCS made an important contribution last year, with a report 
arguing for CCS to be included in a portfolio of technologies needed to meet climate targets. As the urgency 
to act increases, so too does the need to widen and strengthen this dialogue on the imperative role of CCS.

8  The 12 operational projects include the In Salah CO2 storage project, which suspended injection in June 2011. In Salah's future injection strategy is under review; 
a comprehensive monitoring program continues. In Salah project data is not re!ected in the "gures that display the capture capacity of large–scale integrated 
projects in terms of mass.
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PROJECTS, POLICY AND MARKETS

2. Importantly, there are now 12 projects in operation, an increase from eight in 2012. 

of these countries – and one in China. Five projects were cancelled, one downscaled and seven put on hold for 
.

Twenty large–scale projects are in operation or construction, four more than in 2012 and eight more than 

projects – both in North America – are scheduled for operation in 2014. Nearly all the remaining projects in 
construction are expected to be operational by the end of 2015.

Four projects have commenced operation in 2013 – Air Products Steam Methane Reformer Enhanced Oil 

storage of CO2 in different geologic settings.

There are signals that the steady progress of large–scale CCS projects into construction will continue. Five 

one in iron and steel.

of CCS in China’s  Five–Year Plan

Notwithstanding the steady progress in CCS projects entering operation and construction, momentum is too 
slow to support the widespread commercial deployment needed to underpin climate change risk mitigation 
scenarios. A very substantial increase in new projects entering construction is required.

There is a notable absence of advanced projects in industrial applications, with only two iron and steel 
projects in development planning and none in cement. Considerable work is still needed to encourage 
capture demonstrations and CCS technology developments in these and other industries.

2 storage programs in many developing countries, 
overall levels of CCS activity are at early stages. To achieve global emission targets, 70 per cent of the 
cumulative mass of captured CO2 by 2050 will need to occur in non-OECD countries.9

Outside China, there are few projects in the Identify stage, indicating that replenishment of the project 
pipeline has stalled. Furthermore, the progress of projects through development planning is slow. In the past 
two years, only two projects have moved from early scoping (the Identify stage) into the Evaluate stage, and 

9 Ibid. 5
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FIGURE 3

Identify Evaluate De!ne Execute Operate

United States 0 5 6 2 7

Europe 1 7 5 0 2

China 6 3 3 0 0

Canada 0 1 1 4 1

Australia  0 3 0 1 0

Middle East 0 1 1 1 0

Other Asia 1 1 0 0 0

South America 0 0 0 0 1

Africa 0 0 0 0 1

Total 8 21 16 8 12
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coming 12 months (Figure 5), around 70 per cent (17 of 25) are using or intend to use the captured CO2 for 
enhanced oil recovery (CO2–EOR). 

This approach is most evident in North America, where such market opportunities to utilise CO2 as a 
commodity with value are strongest. 

Outside these regions, CCS progress has been very limited. In Europe, for example, where there have been 
considerable policy initiatives, no new large–scale CCS project has entered operation since 2008. 

breadth and depth to the CCS demonstration effort necessary to allow it to play its full part in mitigating the 
predicted rise in global temperature. This is evidenced by slow project progression, the absence of project 
replenishment outside China, and a development bias toward projects with access to additional revenue 
opportunities, such as EOR.

An urgent policy response is required to ensure the successful global large–scale demonstration of CCS in 
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The international climate change policy dialogue consistently acknowledges the important future mitigation role 
of CCS. Solid progress continues within the United Nations Framework Convention on Climate Change, and in 

Paradoxically, progress in the international dialogue on CCS, and the criticality of CCS in climate change mitigation 

sustainable pipeline of CCS projects in individual countries.

Strong, sustainable emissions reduction policies to support longer term deployment

Project proponents strongly highlight that there is too much policy uncertainty to support a business case for 
large–scale CCS projects. CCS projects have large capital costs and long development times. Investors require 
long-term predictability if they are to invest in CCS. 

Thoughtfully developed emission reduction policies that encourage CCS and other low–carbon technologies are 
urgently needed and necessary for longer term deployment. Continued uncertainty about the timing, nature, 
extent and durability of such policies is stalling the development of CCS.

Strengthened incentive mechanisms to support the immediate demonstration effort

Most public funding programs for large–scale CCS projects have been exhausted or have not delivered funds 
commensurate with former commitments. Since 2009, funding support for CCS has fallen by more than  

were subsequently suspended or cancelled and is no longer available. 

progress faster through the development pipeline and enter construction. This is especially the case in Europe, 
where no large–scale CCS demonstration projects have progressed into construction since the Snøhvit CO2 
Injection project in the early 2000s. A broad, successful demonstration program is vital to improve community 
understanding of CCS as an environmentally friendly technology and reinforce the important role of CCS in 
reducing global CO2 emissions.

relation to other low–carbon technologies in policy considerations and government support. First mover projects 
incur higher risks and upfront costs than later projects; appropriate recognition of this should be taken into 

partnerships can help project development. Other incentive mechanisms such as feed-in tariffs, performance–
based subsidies, contract for difference and purchase agreements can provide direct support for operations. 
The combination of support mechanisms used may vary globally, depending on jurisdictional factors.

Regulation uncertainties still need to be addressed

A core group of jurisdictions – Australia, Canada, Europe and US – are early movers that have progressed 
the development and implementation of law and regulation for CCS. These jurisdictions have remained at the 
forefront in recent years. There has also been welcome increased activity from second generation regulators in 
countries with high levels of CCS interest but less well developed policy frameworks (for example, Malaysia and 
South Africa).

Despite these developments, however, several legal and regulatory issues persist. Almost all jurisdictions 
must address issues arising from post-closure stewardship (transfer of responsibilities, liabilities) in a way that 

to remove a key impediment to the progression of CCS.
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TECHNOLOGY DEVELOPMENT

Successful CCS demonstrations in the power sector and additional industrial applications are essential to gain 
valuable design, construction and operational experience. The knowledge or ‘learning’ from demonstrating 
CCS technology in new applications at different sites and different settings is critical for reducing costs and 

Current CCS demonstration projects are vital for these ‘learning curve’ achievements. 

Just like any other industry, a vibrant R&D effort is important for CCS. R&D efforts across CCS (and especially 

accelerate the longer term deployment of CCS technology.

In power generation, for example, the capture element of CCS accounts for more than 90 per cent of the cost 

development and maturation of these and other capture (and related) technologies must be accelerated. The 
technologies cover a broad spectrum of options. For example, novel approaches and techniques have been 

2 capture and 
reduce costs.

Cost effective capture R&D is achievable through globally coordinated efforts. It is promising that capture centres 
around the globe have formed networks to coordinate pilot–scale testing and development of new capture 
technologies, as evidenced by groups such as TCM Mongstad in Norway and the National Carbon Capture Center 
in the US.

It is important to connect this pipeline of new technology development with the learning obtained from 
demonstration projects using current generation technologies. This continuous development pipeline assures a 
smooth transition of new capture (and related) technologies into the market place. 

the 2020 time frame. When this occurs, we must be ready to transition from current to next generation capture 

global basis.
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INFRASTRUCTURE DEVELOPMENT

time frame than is generally required for the engineering and construction of a large–scale capture facility. The 

2 capture and 
transportation elements. 

These co-dependencies mean that the exploration and appraisal needed for storage assurance must be scheduled 
in advance of major CO2 source and transport assessment expenditure. This may involve the investigation of 
several storage targets to mitigate the exploration risk. 

their jurisdictions. While national screening is important, there is an increasing need to focus on maturing 
demonstration project storage sites and investing the tens to hundreds of millions of dollars to prove up storage 
sites that can store large amounts of CO2. 

There is currently no incentive for industry to undertake costly exploration programs and governments have 

in the US).

To lessen the risk of CCS demonstration and deployment being slowed by uncertainty over available storage, there 

2 
storage capacity. 

For CCS to meet the longer term climate challenge of restricting global warming to less than 2°C, the estimated 
magnitude of the CO2 transportation infrastructure that will need to be built in the coming 30–40 years is 100 
times larger than currently operating CO2 pipeline networks. 

The development of new large capacity CO2 ‘trunk lines’ that connect one or more large–scale CO2 capture 

supply of CO2 (nearly 2 Mtpa) will come from North West Upgrading Inc. and Agrium Inc., but at full capacity the 
trunk line will be able to transport up to 14.6 Mtpa of CO2 from various industrial sources. 

The development of linked transport and storage infrastructure is being considered in several parts of the world. 

2 source clusters with pipeline networks that may 
cross national boundaries to access lower cost storage opportunities. The greater amounts of CO2 envisaged to 
be handled in these transport and storage networks increases the imperative for governments to support work 
that encourages strategic linking opportunities. This includes incentivising investments in large CO2 transport and 
storage infrastructure where it can lead to optimal development of projects.
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