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Foreword

Global investment in low-carbon energy reached 
USD 850 billion in 2016, with USD 297 billion of 
that flowing to renewable energy technologies and 

USD 231 billion to energy efficiency. Much of this investment 
has been underpinned by government policies and regulation 
targeted at supporting the shift to a low-carbon energy sector. 
Yet investment in the deployment of another critical climate 
technology – carbon capture and storage (CCS)1 – is falling 
well behind, with only around USD 1.2 billion invested in 2016. 

We face an unprecedented challenge in achieving climate 
objectives. Without CCS, this challenge becomes infinitely 
greater. Our scenario analysis has consistently highlighted that 
CCS will be critical for delivering the deep emission reductions 
needed across fossil fuel-based power and many industrial 
applications, while providing the opportunity for “negative 
emissions”. CCS can also help promote greater energy security, 
ensure continued baseload power generation capability, 
support diversity of power generation, and enhance economic 
prosperity and employment.  

While some CCS facilities have been operating commercially 
for several decades, most CCS applications, including in 
power, steel and cement manufacture, are at an early stage 
of commercialisation and, therefore, at the top of the cost 
curve. While this presents an investment challenge, it also 
underscores the enormous potential of CCS; the first-of-a-kind 
CCS projects in the power sector have already identified future 
cost reductions on the order of 30%.

1.  For the purposes of this publication, the term CCS is a broad one that also includes 
carbon capture, utilisation and storage (CCUS), such as the use of carbon dioxide 
(CO2) for enhanced oil recovery (EOR). 

A significantly strengthened global effort is needed to 
accelerate the commercialisation of CCS. In this report, we offer 
“The Five Keys to Unlock CCS Investment”:

1.  Harvest “low-hanging fruit” to build CCS deployment 
and experience from the ground up.

2.  Tailor policies to shepherd CCS through the early 
deployment phase and to address the unique integration 
challenges for these facilities.

3.   Target multiple pathways to reduce costs from 
technological innovation in carbon capture and CO2 
utilisation to progressive financing arrangements.

4.  Build CO2 networks and accelerate CO2 storage 
assessments in key regions. 

5.   Strengthen partnerships and co-operation between 
industry and governments.

The International Energy Agency (IEA) will continue to play a 
role in helping to bring together industry, governments and 
our extensive technology network in support of this important 
global effort. We look forward to continuing our partnerships 
with CCS leaders and decision makers to ensure this crucial 
technology can play its role in a secure and cost-effective 
global energy transformation.     

Dr. Fatih Birol
Executive Director
International Energy Agency
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We face an unprecedented challenge 
in achieving climate objectives. 
Without CCS, this challenge becomes 
infinitely greater.
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CCS is a critical part of the 
global energy transformation

An unprecedented transformation of global energy 
systems is under way, with notable improvements 
in global energy intensity, three years of stable 

energy sector CO2 emissions, and remarkable advances in 
the cost, performance and contribution of renewable energy 
technologies. In this context, the question is often asked: does 
the world really need CCS?  

The answer is an unequivocal yes. Current trends are 
encouraging, but the gap between where global efforts are 
heading and agreed climate targets is immense, requiring 
around 760 gigatonnes of CO2 (GtCO2) emission reductions 
across the energy sector between now and 2060. This is 
equivalent to more than 30 years’ worth of energy emissions, 
and – importantly – is additional to the anticipated impact 
of current policy efforts and commitments. All technologies 
will be needed as part of the significantly strengthened and 
accelerated international action to bridge this gap.  

CCS is particularly important because it offers a solution to 
some of the most challenging greenhouse gas emissions. This 
includes tackling emissions from industrial processes and from 
a large and relatively young global fleet of coal- and gas-fired 
power generation units. CCS in combination with bioenergy 
also provides the means to deliver “negative emissions” to 
offset emissions from sectors where direct abatement is 
not economically or technically feasible, such as in aviation 
transport or agriculture. 

IEA modelling has long highlighted the role of CCS in 
supporting a secure, cost-effective and sustainable 
transformation of global energy systems. In the IEA 2°C 

The major barrier to deployment 
is no longer technological, but 
political and commercial.

Scenario (2DS), CCS provides 14% of the cumulative emission 
reductions needed in the period to 2060 to limit future 
temperature increases to 2°C (see Figure 1) (IEA, 2017). 

Figure 1.   CCS contributes 14% of the cumulative emission 
reductions needed in the 2DS
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takes into account countries’ existing and planned energy and climate- 
related commitments.

CCS is not a new or untested technology. CO2 capture and 
separation has been applied in industry for many decades, 
and the practice of injecting CO2 for enhanced oil recovery 
(CO2-EOR) first commenced in the 1970s. Today, there 
are 21 large-scale, integrated projects operating or under 
construction throughout the world and across various 
applications, including coal-fired power generation, natural 
gas processing, steel manufacture and oil sands upgrading. 
These projects are in addition to around 100 pilot plants and 
an extensive global research and development (R&D) push. 
This collective experience has brought CCS to the stage where  
the major barrier to deployment is no longer technological, but 
political and commercial.  



CCS is a critical part of the 
global energy transformation

The value of CCS goes 
beyond CO2 abatement
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CCS is principally an emissions mitigation technology, but 
it is also able to contribute to broader energy security, 
environmental, societal and economic goals during 

this period of global energy system transformation. A recent 
study undertook a detailed evaluation of the economic and 
social benefits associated with CCS investment in the United 
Kingdom and found a 5:1 payback to the economy for every 
pound invested (Summit Power, 2017).

At a global level, the benefits of CCS include:

 n  Enabling greater energy diversity, including the continued, 
cleaner use of fossil fuels. 

 n  Maintaining long-term employment and investment 
opportunities in emissions-intensive industrial centres, 
which are often geographically concentrated.

n  Protecting the value of substantial capital investments  
in power and industrial infrastructure.

n  Expanding technology choices for dispatchable  
power generation. 

n  Enabling investment in alternative energy sources, 
including low-emission hydrogen production from  
fossil fuels.
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CCS investment needs  
an urgent boost

While CCS project deployment has made very 
encouraging progress in recent times – including 
11 large-scale2 projects commissioned in the last 

seven years – this momentum is not assured as we look 
towards the next decade (see Figure 2). The total number of 
large-scale CCS projects operating, under construction, or in 
development has shrunk from a peak of 77 in 2010 to 37 today 
(GCCSI, 2017a). There are now fewer projects in development 
than under construction and operational, and several of 
these earlier-stage projects face an uncertain future without 
appropriate policy support. Since 2014, only one CCS project 
has taken a final investment decision anywhere in the world: 
the Yanchang Integrated CCS project in the People’s Republic 
of China (hereafter, “China”). 

Figure 2.  The shrinking project pipeline must be addressed
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CCS investment will need an urgent “jump-start” if it is to 
contribute to future emission reductions at the scale envisaged 
in the 2DS. While long-term scenarios are not intended to be 

2.  Large-scale projects are defined according to the Global CCS Institute as 
“projects involving the capture, transport, and storage of CO2 at a scale of at 
least 800  000  tonnes of CO2 annually for a coal-based power plant, or at least 
400 000 tonnes of CO2 annually for other emissions-intensive industrial facilities 
(including natural gas-based power generation)”.
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prescriptive, an almost ten-fold increase in CO2 capture and 
storage rates would be needed by 2025 to put CCS “on track” 
for the 2DS. This is associated with an investment requirement 
of more than USD 60 billion (IEA, 2017). 

CCS investment trends
To date, an estimated USD 10 billion in capital investment has 
been made in large-scale CCS projects3 that are operating or 
under construction globally, most of it this decade. This is in 
contrast to almost USD 2.3 trillion of investment in renewable 
technologies made between 2010 and 2016. 

Three key trends emerge from the CCS investment story:

1.  Predominately private capital, but with 
this increasingly being leveraged through 
government support 

 n  More than 80% of cumulative capital investment in large-
scale projects has been from the private sector; however, 
governments have played an increasingly important 
role in recent times. In the period before 2010, all of the 
investment in large-scale CCS projects was private capital. 
Since 2010, 15 projects have been commissioned or are 
under construction, and around half of these (8 projects) 
have received a capital grant, with the value of these 
grants totalling USD 1.6 billion4 (see Figure 3). Of the seven 
projects that have not received a direct capital subsidy, four 
are owned and operated by a state-owned enterprise.  

3.  This figure does not include investment in large-scale projects that did not proceed 
to operation. It includes capital investment and excludes operational costs. The 
estimate is due to incomplete or unavailable data for some operating CCS projects. 

4.   This figure only includes capital grants and does not include grant payments that 
cover project operating costs over a specified project lifetime. It does not include 
public grants made to projects that did not proceed to operation. 



Figure 3.  Large-scale CCS project investment  
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2.  A slow expansion in investment  
outside North America

 n  More than two-thirds of CCS projects currently in 
operation or under construction are located in Canada 
and the United States. As recently as 2014, large-scale 
CCS experience outside North America was limited to 
three countries: Norway (Sleipner and Snohvit), Algeria 
(In Salah)5 and Brazil (Petrobras Santos Basin Pre-Salt 
Oil Field CCS). Today, projects are operating or under 
construction in Australia, China, Saudi Arabia and the 
United Arab Emirates, while South Korea and the United 
Kingdom have projects in earlier stages of development. 

 n  The recent investment outside North America has 
been associated with CO2-EOR opportunities and with 
projects operated by state-owned enterprises, with the 

5.  The In Salah project ceased injection in 2015 and therefore is not counted in the 
portfolio of operating projects. 

exception of the Gorgon CO2 injection project in Australia. 
Canada and the United States have growing diversity in 
their project portfolios, with more recent investments 
pioneering new applications of CCS (in power generation, 
oil sands processing and bioethanol production) as well as 
the development of dedicated CO2 storage. 

3.  Reliance on a revenue stream  
for the captured CO2 

n  The availability of a revenue stream from CO2-EOR has 
supported investment decisions in three-quarters of CCS 
projects to date. For some early projects, the revenue from 
CO2-EOR was sufficient for commercial CCS operation, 
while more recently EOR revenue combined with capital 
grants has helped to close the commercial gap and support 
investment in CCS applied to coal-fired power generation. 
For example, the USD 1 billion Petra Nova CCS project 
received USD 190 million in grant funding from the United 
States Department of Energy and is now operating on 
commercial terms based on the additional oil revenue. The 
project is reportedly able to cover its costs at oil prices of 
USD 50-55 per barrel (Crooks, 2017). 

n  Commercial interest in CO2-EOR continues to expand, 
including in the Middle East and China, and it is expected to 
remain a major factor in supporting early CCS investment 
notwithstanding the current low oil price environment. 
However, these opportunities will be limited by region and 
geology, and accordingly CO2-EOR will not be an alternative 
to developing dedicated CO2 storage sites.

CCS investment needs  
an urgent boost
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 The availability of a revenue stream 
from CO2-EOR has supported 
investment decisions in three-
quarters of CCS projects to date. 
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CCS investment needs  
an urgent boost

The urgency of the investment task
A failure to boost momentum in CCS investment in the near 
term will have implications for future climate goals. As the 
Intergovernmental Panel on Climate Change (IPCC) has 
highlighted, the ability to achieve long-term climate targets 
depends “to a greater extent” on directing efforts towards 
“developing the technologies and institutions that will enable 
future deep emissions cuts rather than exclusively on meeting 
particular near-term goals” (IPCC, 2014). CCS holds significant 
potential to support these deep emission reductions – and 
even “negative emissions” – across the global energy sector, 
but this relies on building a strong foundation today.    

The urgency of the current investment task is underscored by 
several factors:

n  Long lead times for projects: Many CCS projects 
are relatively complex endeavours that can be as long 
as a decade in planning and construction, particularly if 
greenfield CO2 storage assessments must be undertaken. 
It is illustrative that many of the projects coming online in 
the last two years received government funding support 
back in 2009 and 2010, when stimulus packages were 
established in response to the global financial crisis. 

n  Learning-by-doing cost reductions: More projects 
will be needed to realise the significant potential for 
learning-by-doing cost reductions and to accelerate the 
pathway to commercialisation. Deployment can also 
foster innovation in new technologies with potential for 
further cost reductions. 

n  Confidence in CO2 storage: Significant further work 
is required to convert theoretical storage capacity into 
“bankable” storage, which is a prerequisite for investment 
in any CCS facility. 

n  Avoiding stranded assets: An understanding of the 
future role and availability of CCS at a local and regional 
level, including confidence in CO2 storage, is important to 
inform today’s energy policy and investment decisions. 

n  Developing institutional capacity: Practical 
CCS experience is needed for policy and regulatory 
frameworks to evolve in key regions and to retain and 
expand institutional and technical capacities. This 
includes industry and government as well as the financial 
and insurance communities. 

Replicating investment success: What 
factors have been important to date?
Large-scale CCS investment has occurred in circumstances 
where economic, policy and project-specific factors have been 
sufficiently aligned to establish a business case. The factors 
that have been critical to securing an investment decision  
have included: 

n  Strong and sustained government support for the 
development of CCS, including policy incentives that 
adequately address the additional capital and operating 
costs of CCS facilities.

n  Well-understood geology that can support CO2 storage (or 
CO2-EOR) at the desired scale, as well as the availability of 
expertise to utilise it.

n  A revenue stream for the captured CO2, notably from 
CO2-EOR sales. 
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More projects will be needed to 
realise the significant potential  
for learning-by-doing cost 
reductions and to accelerate the 
pathway to commercialisation.



n  A requirement or incentive to reduce emissions through 
emissions performance standards, the imposition of a 
sector-specific carbon tax or regulatory measure – often in 
combination with a grant or subsidy.6  

n  A commercial structure, often a single enterprise or simple 
joint venture, that can manage cross-chain default risks 
for integrated projects. Alternatively, business models 
that enable the separation of these elements of the CCS 
chain have been effective in managing these integration 
challenges. 

n  A low-risk political, social and regulatory environment for 
CO2 storage, including regulatory frameworks to facilitate 
access to pore space and to manage long-term liability for 
the stored CO2 (adapted from IEA, 2015a). 

6.  The application of a carbon tax or regulatory requirement has been effective in 
supporting CCS investment in a limited set of circumstances, all involving high-
margin projects producing natural gas or liquefied natural gas, with CO2 storage in 
close proximity and companies with the requisite subsurface expertise. 

Notably, for every CCS project that has successfully reached 
a final investment decision, at least two large-scale projects 
have been cancelled (IEA, 2016a).7 The factors that have 
contributed to these projects not proceeding are varied, 
but are often associated with the absence of those factors 
listed above, in combination with first-of-a-kind technology 
challenges. They include a lack of adequate and consistent 
policy support, highly prescriptive and inflexible programme 
requirements, a failure to resolve or balance risks that are 
unable to be managed or taken by commercial entities (such as 
long-term liability or cross-chain default), lack of commercial 
CO2 storage options, higher than expected project costs, and 
community opposition.

7.  It is not unusual or unexpected that some large-scale CCS projects would not 
proceed to a final investment decision following pre-feasibility or feasibility 
studies. Indeed, this is a prudent approach to projected development that is 
applied to all major infrastructure investment decision. The reality that not every 
project will proceed underscores the need to ensure more projects are entering 
the pipeline.  

Box 1. The potential for CO2 utilisation 

The conversion of CO2 into valuable and usable commercial products could create new revenue opportunities for CCS 
facilities. Global demand for CO2 is around 200 million tonnes (Mt) per year and includes urea production, carbonated 
drinks, water treatment and pharmaceutical processes (IEA, 2017). New or growth markets could include use of CO2 as a 
feedstock or as working fluid in some processes (including in power generation), conversion to polymers or carbonates, 
concrete curing and mineral carbonation. Research is also being conducted on the potential to turn CO2 into transport fuels. 

Key questions for CCU opportunities are the potential for scalability and whether the CO2 will ultimately be re-released. 
While CCU will not be a substitute for the permanent storage of emissions, CCU can help to lower the commercial barrier 
for near-term CCS investment in niche applications. In some circumstances, CCU could also support innovation in CO2 
capture technology and the development of CO2 transport infrastructure.  

In North America, two international challenge competitions are under way to accelerate innovation in this area: the 
USD 20 million Carbon XPRIZE, led by the Canadian Oil Sands Innovation Alliance and NRG Energy; and the CAD 35 million 
Grand Challenge: Innovative Carbon Uses, led by Emissions Reduction Alberta. These innovative initiatives are likely to 
contribute to better understanding of the scalability and the emissions reduction potential of CCU technologies.
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A renewed international commitment to CCS must 
revive momentum in the project pipeline, maximise 
the global impact of existing investments, and build a 

solid foundation for the rapid and immediate ramp-up of CCS 
deployment. 

The five keys to unlock public and private investment in CCS are:   

1. Harvest low-hanging fruit.

2. Tailor policies.

3. Target multiple pathways to reduce costs.

4. Build CO2 networks.

5. Strengthen partnerships.

Key 1: Harvest low-hanging fruit
The scale of the commercial barrier to CCS investment varies 
considerably. Identifying and pursuing opportunities where 
this barrier is lower provides a pragmatic basis from which to 
build the foundation for future deployment “from the bottom 
up”. These opportunities can offer a niche from which to 
refine CCS technologies, grow commercial experience, and 
reduce costs – all while delivering substantial CO2 reductions 
and minimising the amount of public support required. With 
strategic planning, these opportunities could also form the 
basis of future CCS hubs and facilitate the early development of 
CO2 transport and storage networks. 

Where are these “low-hanging fruit” for CCS to be found? 
A number of potential contexts could support a least-cost 
investment proposition, individually or in combination:   

n  Emissions-intensive industrial processes: Those that 
inherently produce a high-purity CO2 stream are of interest, 
such as natural gas processing, hydrogen production, 
bioethanol production and fertiliser manufacture. For 
example, the additional investment required at the 
Sleipner CCS project to compress and inject the CO2 

separated from the reservoir gas was around USD 100 
million (in 1996). This world-first investment has now 
supported the safe and permanent storage of 20 million 
tonnes of CO2 over 20 years of operation (IEA, 2016a)  
(see Box 2).  

n  Demand for CO2 : CO2-EOR is by far the largest source 
of demand for CO2 today, with around 70 MtCO2 used 
annually. EOR has the benefit of scale (with growing 
demand) and can also contribute to climate objectives, as 
the vast majority of the CO2 can be permanently retained 
in the reservoir (IEA, 2015b). Other CO2 utilisation options, 
including beverages, mineral carbonation, concrete curing 
and CO2-based fuels, have future potential but with 
limitations (see Box 1). 

n  Proximity to CO2 storage or transport 
infrastructure: Close proximity to a proven CO2 storage 
site and/or access to existing transport infrastructure 
have played a role in reducing the investment costs of 
several early projects. For example, the Illinois Industrial 
CCS project, which applies CCS to bioethanol production 
in combination with a dedicated storage solution, has a 
transport distance of only 1.6 kilometres (GCCSI, 2017b). 
In some circumstances, the ability to reuse existing oil and 
gas infrastructure – including offshore platforms, wells 
and pipelines – could also reduce investment costs. 

n  Emerging economies: Lower construction and 
operational costs in emerging economies can make CCS 
investment more attractive relative to other regions. In 
China, for example, it is estimated that many coal-to-
chemical plants could be equipped with CCS for less 
than USD 20 per tonne of CO2 (ADB, 2015). IEA analysis 
suggests that even in the power sector – where the 
commercial gap is generally much larger – around 100 
gigawatts of existing coal-fired generation capacity could 
be equipped with CCS for less than USD 50 per megawatt 
hour (IEA, 2016b).

The five keys to unlock 
CCS investment
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While useful, these least-cost opportunities are limited and 
are not an alternative to early investment in the development 
of more challenging CCS applications. Industrial processes 
that do not produce a high-purity stream of CO2 (such as 
cement production) and which have few alternatives to 
CCS for deep emission reductions are a priority if climate 

goals are to be met. Applying CCS to fossil fuel-based 
power generation facilities, especially retrofitting of existing 
facilities, will be important to avoid the long-term “lock-in” 
of emissions, support energy security objectives in some 
regions and to protect the value of these assets as emissions 
constraints are tightened. 

Box 2. Cultivating CCS opportunities in Norway and Australia

Even with a much lower commercial barrier, early opportunities for CCS investment are unlikely to emerge organically in 
the absence of a sufficient market signal. Examples of how early opportunities have been cultivated by governments and 
industry can be found amongst the current CCS project portfolio:

n  The Sleipner project in Norway, which has now been operating for more than 20 years, came about after the introduction 
of a CO2 tax on offshore oil and gas production. The tax was complemented by a commercial need to separate the CO2 
from the natural gas to meet market requirements, strong subsurface expertise and knowledge, favourable geology, a 
culture of corporate social responsibility and relatively high product margins. 

n  In Australia the Gorgon CO2 Injection Project was first proposed as a component of the larger Gorgon Project, by the 
Gorgon Joint Venture in 2003. The injection project has received an AUD 60 million capital contribution from the 
Australian government. The Australian and Western Australian governments have agreed to provide an indemnity 
against certain long-term liabilities, mirroring the provisions in the Australian offshore CCS legislation. Once operational, 
it is believed that the Gorgon CO2 Injection Project will be the largest greenhouse gas mitigation project undertaken by 
industry globally, targeting the disposal of up to 4 Mt per year.

The scale and nature of the incentives needed to establish a business case for investment in early, lower-cost CCS projects 
will differ between projects and regions. Importantly, a “stick-only” approach (with no accompanying “carrot” or support) 
has proven effective in securing investment in CCS in only very limited circumstances. 

Priority actions
1.  Identify where low-cost and strategic opportunities 

for CCS investment may be available. 

2.  Identify and implement appropriate policy 
mechanisms to facilitate targeted investment. 

3.  Engage with multi-lateral development banks to 
identify opportunities to support lower-cost or 
strategic projects in key emerging regions.

12
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Key 2: Tailor policies
Tailored, fit-for-purpose policy measures will be needed 
to secure commercial CCS investment. This is in much the 
same way that the rapid advancement of other low-emission 
technologies, particularly renewable energy, has been 
achieved with measures such as targets, mandates and 
feed-in-tariffs. While a carbon price or CO2 tax can provide 
an important long-term investment signal for CCS, carbon 
markets are neither expanding nor maturing at a pace 
sufficient to support deployment of CCS at the scale required, 
and within the timeframe needed, to meet climate goals.  

 Effective policy support for CCS will need to be tailored to local 
conditions and recognise the unique characteristics of these 
investments, including the following:

n  There is currently limited or no commercial driver for CO2 
emission reductions in the vast majority of sectors and 
regions where CCS is expected to play a role. 

n  Many of the sectors where CCS will be required, including 
steel and cement, operate in competitive international 
markets where additional costs associated with CCS cannot 
be passed on to consumers. 

n  The three elements of CCS – capture, transport and storage 
– are different activities with different risk and investment 
profiles and technical capacity requirements. 

n  The integration of the CCS value chain can bring complex 
commercial risks, including cross-chain default risks, which 
the private sector is unlikely to absorb in an environment 
that offers limited benefits for its CCS investment (adapted 
from IEA, 2017). 

A range of tailored policies and incentives has proven effective 
in supporting CCS in various jurisdictions, including policies 
targeted at different parts of the CCS value chain and across 
the project life cycle (see Figure 4 for examples).

The five keys to unlock 
CCS investment
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Figure 4. Policy incentives for CCS

Source: Reprinted from Greig, C. et al. (2016), Energy Security and Prosperity in Australia – A Roadmap for CCS. 
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Tailored, fit-for-purpose policy 
measures will be needed to secure 
commercial CCS investment.
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Addressing integration and CCS-specific risks

The unique technical and commercial risks associated with 
integrated CCS projects have proven to be a significant barrier 
to investment. These risks include:

n  Cross-chain default (also referred to as  
“project-on-project” risk).

n  Post-decommissioning CO2 storage risk.

n  Subsurface CO2 storage performance risks impacting on 
storage rates and capacity.

n  Decommissioning cost sufficiency and financial securities 
related to the CO2 storage permit.

n  Insurance market limitations for CO2 transport and storage 
infrastructure requirements (Hackett, 2016). 

A strong case exists for the transfer of some of these risks to 
the public sector in the early stage of CCS deployment, both 
to remove a significant barrier to investment and to reduce 
the risk premium attached to the cost of capital. For example, 
government underwriting of CO2 transport and storage 
infrastructure, either through a regulated infrastructure 
approach or a publicly backed CO2 transport and storage 
company, could facilitate investment in CO2 capture across a 
range of industrial sectors.  

Climate strategies and CCS

Policy mechanisms for CCS should ideally be implemented 
within the context of a clear, long-term vision for climate 
and energy policy that articulates a role for CCS. The Paris 
Agreement invites Parties to submit mid-century climate 
strategies before 2020, and this could provide an important 
opportunity to develop such a vision. Many countries will rely 
on CCS to meet long-term climate goals and, in almost all 
instances, will need to commence planning for this by the early 
2020s, if not sooner. This includes undertaking CO2 storage 
assessments, CO2 network planning, and building institutional 
and technical capacity. Nationally determined contributions 

(NDCs) should be aligned and calibrated to these mid-century 
climate strategies, including recognition of the important role 
of CCS in the period to 2030.

Priority actions
1.  Design and implement targeted policy mechanisms 

able to support early investment in CCS in power and 
industry. 

2.  Identify policy approaches to reduce integration and 
CCS-specific risks for early CCS projects.  

3.  At a national level, identify and articulate the value and 
role of CCS in mid-century climate strategies and  
in NDCs.

Courtesy Saskpower.
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Key 3: Target multiple  
pathways to reduce costs
The potential for cost reductions in CCS is considerable, 
particularly as many applications are still in the early stage of 
commercialisation and the costs experienced by the first-of-
a-kind projects will be significantly higher than subsequent 
projects. However, accelerating the technology learning curve 
for CCS will be challenging in practice, with CCS projects 
typically involving large capital investment with long lead 
times. The first projects in a region will typically also require 
investment in new CO2 transport and storage infrastructure, 
with associated cost and planning requirements. Unlike solar 
and wind (for example), which are far more modular, involve 
smaller capital outlays and can benefit from production 
economies of scale, realising the opportunities for CCS cost 
reduction is likely to be a slower, “lumpier” process than that 
experienced by these renewable technologies.  

Multiple pathways are available to significantly reduce the cost 
of CCS:

n  Expand the project pipeline. Cost reduction through 
learning by doing at scale is proving, in practice, to have a 
large impact. The operators of Boundary Dam in Canada 
– the world’s first application of CCS to a coal-fired power 
unit – have assessed that they could reduce the capital 
costs of the next project by as much as 30% and operating 
costs by 25-30% (IEAGHG, 2015). These learning-by-
doing cost reductions stem from factors such as reducing 
the redundancies of overdesign, improved construction 
techniques, technology innovation and refinement, and 
supply chain competition. 

n  Optimise CO2 transport and storage infrastructure. 
The UK CCS cost reduction taskforce identified optimal 
configuration of transport and storage networks to be a 
leading contributor to future cost reductions. This includes 
large CO2 storage clusters and planning for shared, high-use 
pipelines that can support emission reductions across sectors 
(Chapman et al., 2013). The UK utility company, National 
Grid, also estimated that the infrastructure resulting from 
the now-abandoned White Rose CCS project would have 

Priority actions

1.  Continue sharing practical, detailed information on 
operating projects to deliver faster learning-by-doing 
cost reductions.

2.  Promote opportunities to reduce financing costs for 
CCS projects, including through engagement with the 
international financial community.  

3.  Maintain and, where appropriate, accelerate support 
for R&D and pilot demonstrations for new CCS 
technologies, including under initiatives such as 
Mission Innovation.  

reduced the transport and storage unit cost of future projects 
by 60-80% (CCSA, 2016). 

n  Develop progressive financing. External project 
financing has played a relatively minor role in CCS 
investments to date, but will need to expand to support 
future widespread deployment. Capital markets have an 
increasing appetite for low-carbon assets, but CCS remains a 
relatively unfamiliar technology for most financiers. The cost 
of financing can be reduced not only with increased project 
experience and reduced technology risk, but also through 
progressive financing arrangements and the involvement of 
international financing institutions or export credit agencies, 
which can offer near-zero interest rates or loan guarantees. 

n  Pursue technological innovation. The next generation 
of CCS technologies, most notably CO2 capture technologies, 
could deliver step-change improvements in cost and 
performance. For example, in the United States, NET Power 
will commence a 50 megawatt thermal demonstration of its 
Allam Cycle process in late 2017, which has potential to make 
zero-emission natural gas-fired power generation cost-
competitive with current technologies (NET Power, 2017). On 
the demand side, innovations in CO2 utilisation technologies 
could expand the market for CO2 and provide a revenue 
stream for CCS projects while also accelerating innovation in 
CO2 capture technologies. 

R&D support is required for both incremental 
improvements in current technologies and next-
generation technologies, with initiatives such as 
Mission Innovation providing a valuable platform to 
increase investment and global collaboration. Continued 
investment in pilot and smaller demonstrations will also 
be necessary, with these projects making a significant 
contribution to CCS technology development, expanding 
the global knowledge base, and building public 
awareness and acceptance.

The operators of Boundary Dam 
in Canada – the world’s first 
application of CCS to a coal-fired 
power unit – have assessed that 
they could reduce the capital costs of 
the next project by as much as 30%.



Key 4: Build CO2 networks
The widespread deployment of CCS at a scale and pace 
consistent with the 2DS pathway is predicated upon 
substantial investment in CO2 transport and storage networks 
that can service multiple facilities. Planning and development 
of these networks needs to start now in order to promote 
optimal and efficient investment decisions.  

CO2 storage assessment

The identification and development of “bankable” CO2 storage 
resources could be the single most important enabler of CCS 
investment across a range of industrial and power applications. 
A decision to proceed with an investment in CO2 capture will 
only be made with a high degree of confidence in the CO2 
storage solution.  

At a global level, CO2 storage resources appear to be more than 
adequate to accommodate future requirements. For example, 
the estimated geological storage resource of the United States 
is between 2 376 GtCO2 and 21 000 GtCO2, in China it is around 
1 500 GtCO2, and in the United Kingdom 78 GtCO2 (GCCSI, 
2016). To put this in context, the cumulative global storage 
requirement between now and 2060 in the 2DS is around 
140 GtCO2.

However, these resource estimates should not be taken as a 
guarantee of future storage availability:

n  Significant further work is still required to convert 
theoretical storage capacity into “bankable” storage that 
can support investment decisions at a regional and national 
level. In particular, to provide confidence that the desired 
amounts of CO2 can be injected at desired rates, a more 
detailed assessment of the capacity, containment and 
injectivity of prospective sites will be needed, as well as the 
commercial, regulatory and social barriers to development. 

n  There is currently no globally standardised classification of 
potential reservoirs for CO2 storage, and, accordingly, the 
estimates vary widely. However, the Oil and Gas Climate 

Initiative (OGCI) is working with the Society of Petroleum 
Engineers to “create a globally usable storage resource 
management system” (OGCI, 2016). 

The assessment of CO2 storage resources can take up to ten 
years, depending on the storage option, and is therefore 
becoming an urgent priority in many key regions that will rely 
on CCS for future emission reductions. 

Transport and storage infrastructure

In conjunction with CO2 storage development, early planning 
and co-ordination of transport networks will promote more 
efficient investment decisions and, as discussed above, can 
support significant cost reductions for future CCS facilities. 
This includes opportunities to re-use existing oil and gas 
infrastructure in some regions. An understanding of the 
future role of CCS at a national or regional level is required, 
underpinned by a long-term vision for the development of the 
industry that allows for strategic, incremental investment in 
infrastructure. 

Governments will need to play a leading role in CO2 transport 
and storage infrastructure planning and development, 
recognising that there is a strong public good element to this 
investment, a need for co-ordination across regions and with 
industry, and a current lack of incentive for the private sector 
to undertake this effort (see IEA, 2017 for further discussion). 
The approach will need to reflect national circumstances, but 
it could involve publicly owned or regulated infrastructure that 
allows for increased private investment over time.

The five keys to unlock 
CCS investment

Priority actions

1.  Accelerate pre-competitive CO2 storage assessments in 
key regions and implement a consistent methodology 
for CO2 storage resource estimates.

2.  Undertake CO2 transport infrastructure audits  
and long-term planning at a national and regional 
level.

3.  Identify business models to support multi-user CO2 
transport and storage infrastructure investment.
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 Significant further work is still 
required to convert theoretical 
storage capacity into “bankable” 
storage.

Courtesy Petra Nova.
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Key 5: Strengthen partnerships 
Collaboration and shared experience will be critical to 
supporting rapid and widespread uptake of CCS technologies 
across the globe. This includes collaboration to facilitate 
technology transfer and to share project-based experience with 
a focus on reducing future costs. In some regions, including 
Europe, multi-user transport and storage infrastructure will 
be shared across countries and will require close co-operation 
across state actors as well as between industries.  

The value of collaboration is already well recognised, with a 
number of global, regional and bilateral initiatives facilitating 
strong ties within and between government policy makers, 
industry, researchers and project developers. These initiatives 
include the Carbon Sequestration Leadership Forum, the 
IEA Greenhouse Gas Technologies Programme (IEAGHG), 
the Global CCS Institute and many regional initiatives. The 
IEA works closely with these initiatives and brings a unique 
analytical capability and global energy perspective to these 
important CCS discussions.  

While these established initiatives are delivering significant 
value, opportunities should be explored to strengthen 
collaboration, particularly between governments and industry, 
with a focus on enabling investment. This could include 
industry and government partnerships to:

n  Identify and cultivate lower-cost CCS investment 
opportunities.

n  Map and assess CO2 storage potential in key regions, using a 
consistent methodology and co-ordinating resource needs 
as required.

n  Undertake national and regional transport infrastructure 
audits.

n  Develop business models for CO2 transport and storage 
infrastructure investment.

n  Build institutional capacity, including among regulators and 
the financial community. 

In some jurisdictions, and dependent on national 
circumstances, closer industry–government partnerships 
could be facilitated through new or improved institutional 
arrangements, where the implementation of CCS deployment 
is managed by an independent expert body. This could be 
through the creation of special government agencies to 
progress CCS deployment objectives, or the establishment of 
private consortiums tasked with similar objectives. Such an 
approach could promote greater flexibility in delivering CCS 
deployment objectives, including undertaking CO2 storage 
assessments and development, and the implementation of 
infrastructure plans. This approach is proving successful in 
several countries.

n  In Norway, Gassnova, established since 2005, is a state 
enterprise tasked with supporting CCS implementation, 
from the development of technology to full-scale 
deployment, while acting as a technical advisor for 
Norwegian authorities and climate policy makers. 
Gassnova has been the project co-ordinator of Norway’s 
programme to deliver a large-scale CCS project and 
is currently supporting feasibility studies for three 
industrial CCS projects. 

n  In Japan, Japan CCS Co. Ltd was established in May 
2008 by a group of 24 major companies with expertise 
in CCS-related fields, including electric power, 
petroleum, oil development and plant engineering. The 
organisation has been commissioned by the Japanese 
Ministry of Economy, Trade and Industry (METI) to 
undertake a significant proportion of the country’s CCS 
programme, including investigations of potential CO2 
storage sites and the management of the Tomakomai 
CCS demonstration project. 

n  In Mexico, a working group has been established 
comprising representatives of government, regulators, 
and research and academic entities to implement Mexico’s 
CCS strategy, including identifying regulation, capacity 
building, public engagement and technology development 
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needs. In the next four years, the first two pilot projects on 
CO2 capture and CO2-EOR will commence and Mexico will 
establish a master’s degree programme on CCUS, a national 

inventory for source–sink matching, and a new Mexican 
CCUS Centre.

Priority actions
1.  Identify opportunities to support practical collaboration 

between government and industry on CCS, including CO2 
transport and storage development at a regional and 
global level.

2.  Support institutional capacity-building among CCS 
regulators and the finance and insurance communities.

3.  Consider the benefits of alternative institutional 
arrangements, akin to a government-backed “transport 
and storage company” tasked with delivering clear CCS 
deployment objectives. 
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International Energy Agency analysis has consistently highlighted the critical role of carbon 
capture and storage (CCS) technologies in meeting global climate objectives. Yet investment 
in CCS will need an urgent boost if it is to deliver the deep emissions reductions needed in the 
power sector and in many industrial processes. In this report, the IEA outlines the “Five Keys to 
Unlock CCS Investment”:

  Harvest “low-hanging fruit” to build CCS deployment and experience from the ground up.

  Tailor policies to shepherd CCS through the early deployment phase and to address the 
unique integration challenges for these facilities.

  Target multiple pathways to reduce costs from technological innovation in carbon capture 
and CO2 utilisation to progressive financing arrangements.

  Build CO2 networks and accelerate CO2 storage assessments in key regions. 

  Strengthen partnerships and co operation between industry and governments.



 

 
  
Progress on CCUS Deployment: An Update from the IEA Greenhouse Gas R&D Programme 
Since the last CSLF Ministerial Meeting in November 2015, significant progress on the development 
and demonstration of CCUS technologies has been achieved. There are now 21 CCUS demonstration 
projects underway in 8 countries around the world. Several of these projects have achieved notable 
milestones over the intervening 2 years. Also, 2017 has seen several new CCUS projects start up using 
different capture technologies and with several new vendors demonstrating their technology. Several 
CO2 utilisation projects have been built that add to the number of capture technology vendors 
demonstrating their technology at scale. In addition, new government industrial CCUS initiatives have 
been launched and several pilot projects have commenced or are under development in countries 
other than those where the large-scale CCUS plants are located demonstrating that interest in CCUS 
deployment is spreading.  

Notable key milestones achieved since 2015 

In 2016, the Sleipner project celebrated a key milestone, its 20th year of continuous capture operation 
and injection into a deep saline formation offshore Norway. The Sleipner project had injected 
16 million metric tons (Mt) CO2 at its anniversary. The injected CO2 has been continuously monitored 
over the 20-year injection period using seismic and gravimetric techniques.  

The Norwegian Government transposed the EU’s CCS Directive into Norwegian law in 2014, and then 
undertook a re-permitting exercise for both the Sleipner and Snøhvit CCUS projects in 2016. Both 
passed and were permitted meeting the EU Directive’s requirements. This important milestone 
demonstrates that the CCUS-specific regulations work and are achievable by projects and regulators.  

In the power sector the 120 MW Boundary Dam Unit 3 CCUS Project in Saskatchewan, Canada had 
captured nearly 1.6 Mt CO2 by August 2017. The CO2 is captured by amine scrubbing technology and 
is typically sold for enhanced oil recovery (EOR) operations. However, over 100,000 tonnes of CO2 
have also been injected into a deep saline reservoir 3.2 km below ground, and monitored.   
The Air Products Industrial CCUS Project, has operated continuously since start up in early 2014.  To 
date over 4 Mt of CO2 have been supplied via a 16 km spur to the regional “Green” trunk line for EOR 
operations in Texas USA where its storage is monitored. The Air Products project uses vacuum swing 
adsorption technology to capture the CO2. This is the first application of this capture technology at 
this scale in the world.  

The Quest CCUS Project began operation in November 2015, and since then it has captured and safely 
stored over 2.6 Mt CO2.  The project captures CO2 using an amine-based capture technology, from 
Shell's Scotford Upgrader near Fort Saskatchewan, Alberta. The CO2 is transported via an 80 km 
pipeline to the storage site where it is injected and permanently stored in a saline reservoir more than 
2000 m underground.  

The Tomakomai CCUS Project in Japan began operation in April 2016. Using an amine system, CO2 is 
captured from the gas stream on the hydrogen production unit at the Tomakomai oil refinery. The 
captured CO2 (100,000 tonnes per year for two years) is injected into a deep saline formation with 
monitoring of the injected CO2 conducted in parallel.  

 

New CCUS demonstration projects in 2017 

The world’s first large-scale CCUS facility in the steel industry began operation in the UAE in November 
2016. The Emirates Steel CCUS project uses CO2 that was previously vented from the Emirates Steel 
Industries factory in Mussafah, UAE. The project has added a compression and transport stage with a 



 

 
  
capacity of 0.8 Mt/y. The CO2 is then transported by pipeline to the Rumaitha oil field for EOR 
purposes.  

In January 2017, the Petra Nova Carbon Capture project started the operation of its CO2 capture unit 
at the W.A. Parish power plant near Houston, Texas, USA. The capture plant uses Kansai-Mitsubishi 
amine capture technology and at a capture rate of 1.4 Mt/y, it is the world’s largest post-combustion 
capture facility at a power plant. The captured CO2 is transported via pipeline approximately 150 km 
and used for EOR purposes at an oil field where its storage is monitored. The Petra Nova project was 
constructed on schedule and to cost.  

In March 2017, construction began on the Yanchang Integrated Carbon Capture and Storage Project. 
The project will capture 0.4 Mt/y from a gasification based coal-to-gas plant in Shaanxi province, using 
a physical absorption capture system. The captured CO2 will be used for EOR operations in oil fields in 
the Ordos Basin in central China. The project will begin operation in late 2018.  

In April 2017, The Illinois Industrial Carbon Capture and Storage project, operated by Archer Daniels 
Midland, in the USA came on stream.  CO2 (1Mt/y) from a bioethanol plant, is  dehydrated, 
compressed and stored in a deep saline formation. The facility is the largest Bioenergy CCUS project 
in the world and demonstrates the potential that this approach may have for future low or even 
negative carbon emissions. 

Several CO2 utilisation projects also came on stream, notably the SABIC Jubail City project in Saudi 
Arabia that captures CO2 from an ethylene glycol plant. The capture technology vendor is Linde. At 
0.5Mt/y it was the largest capture facility in the world until the Petra Nova project came on stream. 
Two other new vendors (Toshiba and Carbon Clean Solutions) that have demonstrated their 
technology at scale in CO2 utilisation projects.   

New Initiatives to drive CCUS commercialisation 

Several Government initiatives have been launched in the last 2 years to help drive CCUS 
commercialisation.  Initiatives include: 

• Direct funding of front end engineering studies for CCUS demonstration projects at industrial 
sites and for offshore storage (Norway) 

• Launching new national policy measures that include CCUS deployment, including Innovation 
funds to reduce the cost of capture (Netherlands and UK) 

• Provision of support funding by international donor agencies (ADB and World Bank) 

Driving the CCUS R&D Agenda 

The science underpinning CCUS deployment from the IPCC Special Report of 2005 has been updated 
in a Special Issue of the International Journal of Greenhouse Gas Control in 2015. 

The GHGT-13 conference held in November 2016 provided a key reference point for the state of art 
of CCUS research and future research needs. 

Mission Innovation launched at COP21 in Paris has started a CCUS challenge that has two aims: first, 
to identify and prioritize breakthrough technologies; and second, to recommend research, 
development, and demonstration (RD&D) pathways and collaboration mechanisms. 



Al Reyadah 
CCUS Project, 
Abu Dhabi

The Carbon Capture, Utilization & Storage (CCUS) 

project of Emirates Steel (ES) is the first project 

under Al Reyadah, a joint venture between Masdar 

and Abu Dhabi National Oil Company (ADNOC). 

Al Reyadah is the Middle East’s first specialised 

company focused on exploring and developing 

commercial-scale CCUS projects. It consists of three 

elements: industrial capture of the gas from the ES 

facilities; compression, dehydration at  Al Reyadah 

carbon capture facility (CCF); and transportation of 

CO2 gas for injection into ADNOC onshore oil fields 

for enhanced oil recovery (EOR). The project will save 

precious natural gas, traditionally used to maintain 

the pressure of oil reservoirs and aid in oil recovery, 

and free the available natural gas for traditional 

power generation and water desalination.

The $122 million (AED 450 million) procurement and 

construction contract for the CCF was awarded to 

Dodsal Group in 2013. The new Al Reyadah facility, 

located in Mussafah, and adjacent to Emirates Steel 

Industries, will sequester up to 800,000 tonnes of CO2 

annually. Construction of the project is complete and 

was commissioned through July-August 2016.

Quick Facts

 + The ES CCUS project is the Middle East’s 
first commercial scale CCUS facility 

 + Today, there are 15 operating CCS plants 
globally with a further 7 under construction

 + Completed and inaugurated in Nov 2016

 + One of the first pioneering projects in the 
region to utilize CO2 for EOR

 + It will sequester up to 800,000 tonnes of  
CO2 annually

 + It will liberate precious natural gas for  
power generation

 + The project includes a compression facility 
and a 42 km pipeline

 + EPC contract for the facility and pipeline is 
worth $122 million (AED 450 Million) 

For more information please contact: Arafat Al Yafei asalyafei@adnoc.ae, 
Fatima Al Shaigy falshaigy@masdar.ae, Ali Al Hammadi amalhammadi@adnoc.ae

Process Overview: The facility captures CO2 from the 

direct reduced iron process used at Emirates Steel 

plants 1&2. The captured CO2 is diverted to the CCF, 

where the CO2 is compressed to a supercritical state 

(dense phase) and dehydrated for delivery into an 8’’ 

CO2  pipeline, from Mussafah to the ADNOC oil fields in 

Rumaitha and BAB, where the CO2 is injected for EOR.

Capacity of the CCF is 0.8 Million tonnes per annum, or 

41 Million Standard Cubic Feet of dry CO2  per day. 

The CCF is comprised principally of:

• CO2 Compression and dehydration facilities;

• CO2 Metering & Pipeline interface; 

• Necessary utilities and support services;

• Cold vent relief system; 

• Control, maintenance and administration buildings. 



The First Full-cycle CCS Project in Japan
TOMAKOMAI CCS DEMONSTRATION PROJECT

Project Description
A CCS demonstration project is being undertaken by the  
Ministry of Economy, Trade and Industry of Japan (METI) 
in Tomakomai, Hokkaido Prefecture, Japan. The objective 
is to demonstrate the viability of a full CCS system, from 
CO2 capture to injection and storage. CO2 will be captured 
at a maximum rate of 200,000 tonnes/year and stored in 
offshore reservoirs in the Tomakomai port area. The 
implementation of the project has been commissioned to 
Japan CCS Co., Ltd. Construction of the facilities was 
completed in October 2015, and after a test-run in February, 
CO2 injection commenced in April 2016.

The CO2 source is a hydrogen production unit (HPU) of an 
adjacent oil refinery, which supplies off gas containing 
approximately 50% CO2 from a Pressure Swing Adsorption 
(PSA) hydrogen purification unit. In the capture facility, 
gaseous CO2 of 99% purity or more is recovered by a 
commercially proven amine scrubbing process. A two-stage 
absorption system including a low pressure flash tower 
reduces the energy consumption of  the capture system.
The capture facility is capable of capturing 200,000 
tonnes/year; the actual amount will depend on operating 
conditions.

The CO2 is then compressed and injected into two different 
offshore reservoirs by two separate deviated 

wells. The storage points are located 3 to 4km offshore. 
The shallow reservoir (Moebetsu Formation), a saline 
aquifer mainly composed of sandstone is located 
approximately 1,000m below the seabed, and the deep 
reservoir (Takinoue Formation), a saline aquifer composed 
of volcanic/volcaniclastic rocks is located approximately 
2,500m below the seabed.

An extensive monitoring system comprising 3 observation 
wells, 4 ocean bottom seismometers, 1 ocean bottom 
cable, wellbore temperature & pressure sensors has been 
established to continuously measure the temperature and 
pressure of the reservoirs, and to monitor natural 
earthquakes and micro-seismicity. 

Subsea CO2 geological storage is regulated by the “Act on 

Prevention of Marine Pollution and Maritime Disaster”, 

enforced to reflect the London 1996 Protocol. Marine 
environmental surveys were conducted in FY2013 and 
FY2014; and from FY2016, seasonal surveys are being 
conducted quarterly.

As the project is located in a large industrial city with a 
population of 173,000, extensive public outreach activities 
are being conducted. The project is being conducted with 
the support of the local government, industry, and 
community.

Main CCS Parameters
Implementer: Ministry of Economy, Trade and Industry 

Consignee: Japan CCS Co., Ltd. (JCCS)

Project type: CO2 Capture + Storage (below seabed)

Scale: Middle

Status: Operation

Year of operation: 2016 

Industry: Hydrogen Production

Capture type: Industrial separation

CO2 capture volume: 600 tonnes/day (200,000 tonnes/year)

CO2 recovery ratio: over 99.9%

CO2 concentration: over 99%

CO2 capture process: Two stage absorption system

+ Low-pressure Flash Tower 

Capture technology: Chemical Absorption (Activated Amine)

Transport of CO2: None

Storage type: Deep Saline Aquifer (2 layers)

New or retrofit: New

Capex: Approx. 30 billion yen (without tax)

Location: Tomakomai, Hokkaido Prefecture, Japan

Facility construction: JGC, JAPEX, JFE EngineeringMain Features of Tomakomai Project
▪ First full-cycle CCS system deployed in Japan
▪ First case of CCS near urban area; extensive public outreach activities being conducted
▪ Low energy CO2 capture process
▪ First case of deviated CO2 injection wells drilled offshore from onshore site
▪ Extensive monitoring system to monitor CO2 injection and address concerns about earthquakes
▪ CO2 storage governed by Act on Prevention of Marine Pollution & Maritime Disaster (Japanese law reflecting 

London Protocol)

CO2 Absorption TowerCO2 Stripping Tower

Low-pressure Flash Tower

CO2 Compressors



Injection from Onshore to Offshore
▪ Deviated injection wells from onshore to offshore
▪ Lower drilling and maintenance costs

▪ Injection by two dedicated wells into two different reservoirs (Moebetsu and Takinoue Formation)
▪ Injection interval exceeding 1km enhances injection efficiency
▪ A perforated liner covered by sand control screens was set over the injection interval to minimize sand flow-back into the well 

Low Energy CO2 Capture Process
▪ Two-stage Absorption System with Low-pressure 
Flash Tower
▪ Low Pressure Flash Tower utilizes depressurization 
and thermal energy of water vapor of CO2 Stripping 
Tower to strip approximately 70% of CO2

▪ Energy consumption is 1/2 to 1/3 of conventional CO2
capture process

Project Objectives & Tasks
▪ Demonstrate an integrated CCS system from capture to storage  
▪ Confirm existing technologies adopted in the system work properly and efficiently

▪ Demonstrate that the CCS system is safe and reliable
▪ Remove concerns about earthquakes by the data collected
▪ Natural earthquakes will have no effect on stored CO2

▪ Noticeable tremors will not be caused by CO2 injection
▪ Prepare technical standards of operation and safety for practicalization of CCS technology
▪ Disclose project information & data and enhance understanding of CCS by the general public
▪ Clearly define areas to be improved or solved for commercialization

Tomakomai CO2 Capture Process

JCCS
Japan CCS Co., Ltd.

Schematic Geological SectionInjection Well for Moebetsu Formation

GL

31.5" S/P @10m

TRSV
20" CSG @201.5m

13-3/8"CSG @1,354mMD / 841.12mVD    17-1/2"Hole @1,359mMD

7"(L) @3,650mMD / 1,187.86mVD
9-1/2"Hole @3645.4mMD/ 1186.94mVD
8-1/2"Hole @3,650mMD/1187.86mVD

7"TOL@2,287.57mMD / 957.13mVD

13-3/8"ESC @390.11mMD / 388.3mVD

9-5/8"ESC @1,556.41mMD / 867.56mVD

AHC PKR @2,087.68mMD / 932.66mVD

P-T Sensor

13-3/8" 1st Stage TOC @390mMD

9-5/8" 2nd Stage TOC (by CBL) @1,056mMD / 804.41mVD

9-5/8" 1st Stage TOC (by CBL) @1,805mMD / 896.82mVD

Mule shoe guide @2,305.84mMD / 959.38mVD

7" CMTG port@2,456.18mMD / 977.8mVD

P-T Sensor Cable

TRSV Control Line

3-1/2" TBG

1st KOP @240m
(1st BUR : 3deg/30m)

1st EOB @1,047mMD 
806.23mVD

Inclination: 83°

Quaternary

Mukawa Fm

464mMD

1,525mMD

2,415mMD

TD 3,650mMD
1,188mVD

Moebetsu Fm

Nina Fm

3,443mMD / 1,153mVD

9-5/8"CSG @2,405mMD / 971.38mVD

2nd KOP @2,672m
(2nd DOR : 1.5deg/30m)

2nd EOD @2,780mMD 
1,022.91mVD

Inclination: 79°

Moebetsu Fm
(mudstone)

(sandstone)

KOP
depth

Vertical
depth

Horizontal
reach

Maximum
inclination

Total
Depth

240m 1,188m 3,058m 83° 3,650m

CO2 corrosion resistant steel (chrome)

Drilling: 12th Mar. 2015 - 22nd Jun. 2015

CO2 resistant cement

CO2 resistant cement

PT sensor

Japan CCS Co., Ltd.

http://www.japanccs.com
For more information, please contact：

jccs.int.info@japanccs.com
International Relations Department, Japan CCS Co., Ltd.

Quaternary

Moebetsu Fm
(Mudstone)

Mukawa Fm

464mMD
458mVD

1,525mMD
864mVD

2,395mMD
970mVD

Moebetsu Fm
(Sandstone)

TD 3,650mMD
1,188mVD

mailto:jccs.int.info@japanccs.com


PRACTICAL REGULATIONS AND PERMITTING PROCESS FOR GEOLOGICAL CO2 STORAGE 
EXECUTIVE SUMMARY 

CSLF REGULATORY TASK FORCE 
 
This report was aimed at exploring practical regulations for geological CO2 storage from the 

viewpoint of smooth planning, development, and operation of carbon capture and storage (CCS) 

projects. Experiences of seven CCS projects with the regulatory process for geological CO2 storage in 

their own country was compiled as case studies here. This report will be useful for regulatory 

authorities who will develop CCS regulations, regulatory authorities who will review existing CCS 

regulations and amend them if necessary, and CCS project proponents who will apply for a permit.  

CCS is expected to play a great role in long term energy policy to meet ambitious global climate goals. 

The large-scale deployment of CCS requires appropriate incentives and regulations to be in place in 

each country. This report fills the gaps of initiatives by other organizations to facilitate the 

establishment of CCS regulatory frameworks by governments: the initiatives of the International 

Energy Agency (IEA) in the publication on model regulatory frameworks and knowledge sharing on 

regulations in major jurisdictions through workshops and a series of publications; and the initiative 

of the Global CCS Institute (GCCSI) in examining and assessing the completeness of national legal and 

regulatory frameworks in major jurisdictions. 

The seven case studies herein are shared by real CCS projects which are reasonably diversified in 

terms of region, storage type, scale, and project status. The projects cover different regions (Europe, 

North America, and Asia Pacific), different storage type (onshore and offshore, saline formation, and 

depleted gas field), different scale (from pilot through medium scale to large scale) and different 

project status (operational, post-injection or cancelled). An overview of each case study is 

summarized in Table-S1. 
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Table-S1: Overview of the Case Studies 

Region Project 
Storage Type Scale 1) Status 2) 

Outline of Case Study 

Europe 

Sleipner CCS 
Project 

Saline Formation Offshore Large Operational 
Sleipner was required to re-apply for a CO2 storage permit due to the 
replacement of storage regulations.  A number of challenges in the 
re-permitting and new regulations, such as financial security, were 
resolved. 

ROAD and  
P18-4 CO2 

Storage 

Depleted Gas Field Offshore Large Cancelled 
ROAD began its planning before the CO2 storage regulation was 
finalized. They resolved a number of challenges such as financial 
security in permitting through close communication with the regulatory 
authority. Their application was found to be in compliance with the 
London Protocol requirements in general. 

Former 
Peterhead  
CCS project 

Depleted Gas Field Offshore Large Cancelled 
Peterhead commenced communications with the regulatory authority 
at a time of its precedent project. The successful outcomes include a 
reasonably flexible way of determining the length of the closure period. 
They found a need to actively reach out to different teams within the 
regulatory authority and noted the benefits of independent external 
review on their permit application. 

North 
America 

Quest CCS 
Facility 

Saline Formation Onshore Large Operational 
The Quest operator was involved in the establishment of the regulatory 
framework and also a comprehensive review of the framework 
afterward. The monitoring plan for the project is being optimized and 
streamlined as the project progresses thanks to its high adaptability. 

Illinois Basin – 
Decatur 
Project 

Saline Formation Onshore Medium Site Closure 
Decatur was planned while the new CO2 storage regulation was 
evolving. The developer needed to re-apply for a CO2 storage permit. 
This resulted in prolonged permitting process, changes in its monitoring 
plan, and cost increase for monitoring. 

Asia 
Pacific 

Tomakomai 
CCS 

Demonstration 
Project 

Saline Formation Offshore Medium Operational 
Tomakomai had to suspend CO2 injection in its offshore site due to 
natural fluctuation in seawater parameters larger than conservative 
threshold. Injection was resumed after the revision of its monitoring 
plan to allow for more comprehensive judgement when irregularity is 
detected. 

CO2CRC 
Otway 

Research 
Facility 

Depleted Gas Field /  
Saline Formation Onshore Small Operational 

Otway pilot has had three phases and has gone through different CCS 
regulatory environments. CO2 storage regulation came into force during 
the second phase. Since then, the project has worked under exemption 
as an R&D project, but is currently explore how R&D injection fits into 
the regulation. 

1) Large: > 1 Mt/yr, Medium: 0.1 - 1 Mt/yr, Small: < 0.1 Mt/yr 
2) As of November 2017 
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This report analyzes the case studies, in particular, their 40 lessons learned in total to draw findings 

for making CO2 storage regulations practical. The findings here are categorized into 1) findings for 

making CO2 storage regulations practical; 2) findings for effective CO2 storage permitting process; 

and 3) findings for making permit application documents and plans pragmatic. 

Findings for Making CO2 Storage Regulations Practical 
1. CO2 storage regulations should be established under the principle of promotion of safe CCS. In 

the establishment of the regulations, the timely involvement of industry is important.  

2. Existing CO2 storage regulations can be improved through a review by diversified stakeholders. 

3. CO2 storage regulations should be flexible enough for various CCS projects with different 

characteristics to move forward. 

4. New or amended CO2 storage regulations should be flexible with transitional provisions where 

necessary for continuation of existing valid projects if any. 

5. The definitions of key terms should be made with consideration of technical constraints and 

should have consistency with those in other related laws and regulations. 

Findings for Effective CO2 Storage Permitting Process  
6. CO2 storage regulations should ideally be in place before a planning of the first CO2 storage 

project starts in order to promote the deployment of CCS projects in a country.  

7. A permitting process should have adequate time and resources allocated and be appropriate to 

the scale and the likely impact from the project.  

8. For efficient permit award, close communication is essential between a permit applicant and a 

regulatory authority and should be initiated at an early stage. Such communications can be 

expedited by diversified members and fixed contact points. 

9. A regulatory authority and a permit applicant should identify other regulatory authorities who 

should be involved in a permitting process and commence communicate with them early. 

10. It would be helpful if a regulatory authority can recognize that key permit application documents 

and plans will mature and should be resubmitted when appropriate. 

11. A regulatory authority and a permit applicant in a national jurisdiction that is a contacting party 

to the 1996 London Protocol should make sure that permit application documents for offshore 

CO2 storage are in compliance with the Protocol Requirements. 
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Findings for Making Permit Application Documents and Plans Pragmatic 
12. An independent external review may be useful to make permit application documents better and 

streamlined. 

13. Negotiations between a permit applicant and a regulatory authority to address critical issues in 

permitting should be initiated as early as possible. These issues may include financial 

responsibilities of an operator and monitoring plans. 

14. Financial responsibilities of an operator should be reasonable and pragmatic. Issues to be 

addressed may include the length of the closure period1; financial contribution from an operator 

for a regulatory authority's responsibility during the post-closure period2; and responsibility to 

compensate unintended CO2 leakage by purchasing emission credits. 

15. Monitoring plans for CO2 storage should be risk-based and adaptive; be pragmatic when 

responding to an irregularity or a potential irregularity; and use monitoring parameters that are 

well understood and have sufficient baseline data for critical judgements. 

 

The findings should provide useful information in many situations including: regulatory authorities 

develop regulations for geological CO2 storage, or review existing regulations for geological CO2 

storage and amend them if necessary; and CCS project proponents apply for, or consider applying for 

a geological CO2 storage permit.  

And in the future, experiences for the next generation of CCS projects should be examined to look 

into how the issues to be addressed that have been identified in the findings in this report will have 

been resolved in various jurisdictions. Many of the issues, including operator’s finance 

responsibilities, may be specific to a first wave of CCS projects which has no or limited precedent 

experiences in permitting for geological CO2 storage.  

1 A closure period is a period between the cessation of CO2 injection and the demonstration of compliance 
with criteria for storage site closure.  

2 A post-closure period begins with the demonstration of compliance with criteria for storage site closure. 
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Executive Summary 
The Carbon Sequestration Leadership Forum (CSLF) Technology Roadmap 2017 aims to 
provide recommendations to Ministers of the CSLF member countries on technology 
developments that are required for carbon capture and storage (CCS)1 to fulfill the CSLF 
mission to facilitate the development and deployment of CCS technologies via collaborative 
efforts that address key technical, economic, and environmental obstacles.  

With the release of this technology roadmap, the CSLF aspires to play an important role in 
reaching the targets set in the Paris Agreement by accelerating commercial deployment and 
to set key priorities for research, development, and demonstration (RD&D) of improved and 
cost-effective technologies for the separation and capture of carbon dioxide (CO2); its 
transport; and its long-term safe storage or utilization.  

Key Findings 

 

Analysis by the International Energy Agency Greenhouse Gas R&D Programme (IEAGHG 
2017a) shows that if sufficiently strong incentives for a technology are established, the rate of 
build-out historically observed in industry analogues (power sector, oil and gas exploration 
and production, pipeline transport of natural gas, and ship transport of liquefied natural gas) 
has been comparable to the rates needed to achieve the 2°C Scenario (2DS) for CCS.2 
Reaching the beyond 2°C Scenario (B2DS) target will be significantly more challenging. 
Substantial investment in new CCS facilities from both the public and the private sectors is 
essential to achieve the required build-out rates over the coming decades. Governments 
                                                
1 In this technology roadmap, carbon capture, utilization, and storage (CCUS) is considered a subset of CCS. 
2 The International Energy Agency, in Energy Technology Perspectives 2017 (IEA 2017a), explores the 

potential of technologies to push emissions to a 2°C level, referred to as the 2°C Scenario (2DS), and below 
the level associated with a 2°C limit, referred to as the Beyond 2°C Scenario (B2DS). B2DS charts a trajectory 
for the energy sector resulting in a 50% chance of limiting the rise in temperature to 1.75°C. 

Based on reviews of several status reports on CCS and technical papers, as well as 
comments and input from international experts, the main findings of this Technology 
Roadmap 2017 are as follows:  

 CCS has been proven to work and has been implemented in the power and industrial 
sectors. 

 The coming years are critical for large-scale deployment of CCS; therefore, a sense of 
urgency must be built to drive action. 

 Substantial, and perhaps unprecedented, investment in CCS and other low-carbon 
technologies is needed to achieve the targets of the Paris Agreement. 

 The main barriers to implementation are inadequate government investment and policy 
support/incentives, challenging project economics, and uncertainties and risk that stifle private 
sector investment.  

 Rapid deployment of CCS is critical in the industry and power sectors in both Organisation 
for Economic Co-operation and Development (OECD) and non-OECD countries, especially 
in those industries for which CCS is the most realistic path to decarbonization. 

 Negative CO2 emissions can be achieved by using a combination of biomass and CCS. 
 Costs and implementation risks can be reduced by developing industrial clusters and CO2 

transport and storage hubs. 
 Members of the CSLF consider it critical that public-private partnerships facilitate material 

and timely cost reductions and accelerated implementation of CCS. 



need to establish market incentives and a stable policy commitment and to provide 
leadership to build public support for actions such as the following:  

 A rapid increase of the demonstration of all the links in the CCS chain. 
 Extensive support and efforts to build and operate new plants in power generation and 

industry. 
 Facilitation of the exchange of data and experiences, particularly from existing large-

scale plants with CCS. 
 Support for continued and comprehensive RD&D. 
 Facilitation of industrial clusters and CO2 transport and storage hubs. 

Priority Recommendations 

 

 

CCS is a key technology to reduce CO2 emissions across various sectors of the economy 
while providing other societal benefits (energy security and access, air pollution reduction, 
grid stability, and jobs preservation and creation). Policy frameworks for CCS need to include 
equitable levels of consideration, recognition, and support for CCS on similar entry terms as 
other low-carbon technologies and reduce commercial risks. To support the deployment of 
CCS, it is critical to facilitate innovative business models for CCS by creating an enabling 
market environment. Fit-for-purpose and comprehensive legal and regulatory frameworks for 
CCS are needed on a regional scale (e.g., the London Protocol to provide for offshore cross-
border movement of CO2). Strategic power and industrial CO2 capture hubs and clusters, 
with CO2 transportation and storage infrastructure, including early mapping matching 
sources to sinks and identification and characterization of potential storage sites, will also be 
needed. CCS stakeholder engagement remains critical to implementation and is aimed at 

Governments and industries must collaborate to ensure that CCS contributes its share 
to the Paris Agreement’s aim to keep the global temperature increase from 
anthropogenic CO2 emissions to 2°C or below by implementing sufficient large-scale 
projects in the power and industry sectors to achieve the following:1 

 Long-term isolation from the atmosphere of at least 400 megatonnes (Mt) CO2 per year by 
2025 (or permanent capture and storage of in total 1,800 Mt CO2). 

 Long-term isolation from the atmosphere of at least 2,400 Mt CO2 per year by 2035 (or 
permanent capture and storage of in total 16,000 Mt CO2). 

 

To this end, CSLF members recommend the following actions to the CSLF 
Ministers: 

• Promote the value of CCS in achieving domestic energy goals and global climate goals.  
• Incentivize investments in CCS by developing and implementing policy frameworks.  
• Facilitate innovative business models for CCS projects. 
• Implement legal and regulatory frameworks for CCS. 
• Facilitate CCS infrastructure development.  
• Build trust and engage stakeholders through CCS public outreach and education. 
• Leverage existing large-scale projects to promote knowledge-exchange opportunities. 
• Drive costs down along the whole CCS chain through RD&D.  
• Accelerate CCS in developing countries by funding storage appraisals and technology 

readiness assessments.  
• Facilitate implementation of CO2 utilization.  



building trust, addressing misconceptions, and supporting educators and community 
proponents of CCS projects, while improving the quality of communication.  

 

RD&D for novel and emerging technologies is required along the whole CCS chain, as 
shown by the Mission Innovation workshop on Carbon Capture, Utilization, and Storage held 
in September 2017. The same holds for knowledge sharing. These efforts should be targeted 
to provide the exchange of design, construction, and operational data, lessons learned, and 
best practices from existing large-scale projects. The sharing of best practices continues to 
be of highest value and importance to driving CCS forward while bringing costs down. CO2 
utilization can be facilitated by mapping opportunities; conducting technology readiness 
assessments; and resolving the main barriers for technologies, including life cycle 
assessments and CO2 and energy balances. 

 

 

Governments have a critical role in accelerating  
the deployment of CCS. 

 

 

 



Large Scale CCS Facilities – Operating and Under Construction 
 

There are currently 17 large-scale carbon capture and storage facilities in operation globally.  Another four are under construction and are expected 
to be operational in 2018 or 2019.  These 21 facilities combined have a CO2 capture capacity of 37 million tonnes per year.  This is equivalent to 
removing 8 million cars from the road each year.  While each new CCS facility builds momentum, advances knowledge and reduces the cost of the 
next facility, the pace of progress is a significant concern.  It is estimated that to achieve the Paris 2 degrees target, 2500 large-scale CCS facilities 
must be in operation by 2040. 
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Large Scale CCS Facilities – Operating and Under Construction 
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Large Scale CCS Facilities – Operating, Under Construction and Planned 
 

December 2017   



GLOBALCCSINSTITUTE.COM CSLFORUM.ORG  

 
        CARBON SEQUESTRATION LEADERSHIP FORUM 

        CAPACITY BUILDING FUND 
 

 
Capacity building facilitates a country’s journey towards large-scale CCS deployment. On-the-ground projects are the end-goal of CCS 
deployment, but these do not happen without the right knowledge. 

 The CSLF Capacity Building Fund was established to assist CSLF members, with an emphasis on emerging economy members, to develop the 
tools, skills, expertise and institutions required to implement CCS demonstration projects and then move towards commercial operation. 

 This goal was underpinned by five guiding principles: 
■ Use a country-led process in which each country defines its own needs 
■ Share information and tools, create skills and expertise and build institutions 
■ Tailor capacity building to the individual needs of each Member 
■ Take advantage of existing resources and avoid duplication 
■ To the extent possible, work with partners and leverage resources 
A total of US$2,965,143 was contributed by donors to establish the Capacity Building Fund. Original donors to the Fund were Canada, Norway, 
United Kingdom and the Global CCS Institute.  Approximately US$2,286,000 has been spent to support 18 projects.  New project proposals are 
being developed by CSLF Member countries, which will be considered by the Governing Council for funding approval. 

 
Descriptions from recipients of two Fund-supported activities are shown below. They explain how specific Fund-supported activities have 
helped them to tap into information and develop tools to facilitate CCS progress. 
___________________________________________________________________________________________________________________ 
Mexico – Teaching the fundamentals of CCS technology 
During the course of one week, 45 attendees from numerous 
government agencies received instruction on the fundamental 
topics of Carbon Capture and Storage (CCS) technologies applied to 
carbon geologic storage in deep saline formations. The course 
started with a brief overview of the motivation for CCS projects, 
which draws from the current regulatory frameworks in the U.S., 
Europe, and Australia, and continued with the introduction of 
several CCS technical concepts that form the basis for the 
assessment of the subsurface potential for CO2 geologic storage, 
from the regional scale to the local scale.  
Novel approaches for risk assessment were also covered, such as 
the assessment of probabilities of material impact. The latter was 
introduced as a critical aspect that leads the design of fit-for-
purpose monitoring strategies.  
At the end of this training, participants were given several project 
settings (matching the settings of the Quest project), and were 
asked to identify the elements of material impact/significant risk. 
Following the exercise, they received the published monitoring plan 
so they could make constructive comparisons. 
 
 

 

Brazil - Training in the investigation of CO2 adsorption 
The Beneficent Association of the Santa Catarina Coal Industry 
(SATC) through its Clean Coal Technological Center (CTCL) 
developed activities to investigate coal use in an environmentally 
responsible way.  In order to achieve this goal SATC investigates 
technologies of post combustion carbon capture and fluidized bed 
gasification.  
This project includes 5 courses and 4 practical training exercises, 
aimed at investigating CO2 capture, specifically regarding CO2 
adsorption.  The project is intended to develop knowledge in 
relevant Brazilian students and professionals, with the aim of 
supporting research and development into carbon capture 
adsorption process, for application in the Brazilian coal industry. 
Specifically, it will help relevant Brazilian experts to be adequately 
trained and prepared, and capable of identifying materials, 
variables and parameters regarding the CO2 adsorption process.   
These practical training exercises are a key activity under the 
Memorandum of Understanding between U.S. Department of 
Energy/National Energy Technology Laboratory (NETL) and Brazilian 
Ministry of Mines and Energy. This MOU reflects a mutual interest 
of both Brazil and the USA to pursue collaborative work to advance 
the technical, environmental, and cost performance of CCS. 
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Summary of capacity building projects completed and in progress 

 
PROJECT  DESCRIPTION FUNDING 
Projects implemented 
Training program: Mineral coal 
combustion and gasification process 

Brazil Three training courses. The first was an introductory CCS course; the second focused on 
up-skilling five technicians in the use of Aspen Plus software to simulate carbon capture systems and facilitate economic analysis; the third focused on post-combustion sorbents 

US$302,450 

Training program: CCS in the 
offshore environment 

Brazil Training program aimed at the oil and gas sector regarding the implementation of CCS, and 
enhanced oil/gas recovery in the offshore environment 

US$161,000 
Public engagement workshops Brazil Two basic courses and two advanced courses introduced CCS to a broad stakeholder 

community, focusing on technical aspects, environmental and regulatory issues 
US$213,000 

CO2 storage in the Clean Development Mechanism 
Brazil This workshop focused on CCS Clean Development Mechanism opportunities for 

Portuguese language country stakeholders 
US$10,000 

Chinese language website on CCUS technologies China Development of CCUS website, and translation of website and CCS reports into Chinese to share international knowledge with Chinese stakeholders US$110,000 
Legal and regulatory workshop China This workshop shared international experience on legal and regulatory issues with 

Chinese stakeholders 
US$76,000 

CCS demonstration workshop China This workshop shared international experience of CCS demonstration projects with Chinese stakeholders US$76,000 
Introduction of CCS into 
the academic sector 

Mexico Series of four workshops aimed at professors and graduate students to generate 
interest in CCS in academia 

US$93,500 
Sponsorship of CCS Week South 

Africa 
CCS Week was aimed at disseminating information about international CCS R&D and to 
showcase CCS activities currently underway in South Africa 

US$86,000 
Report: ‘Impacts of CCS on 
South African national priorities 
other than climate change’ 

South 
Africa 

This report analysed the impact of CCS development on national priorities such as job 
creation and security, poverty alleviation, promoting health, training and innovation 

US$80,000 

Storage internship Mexico An employee of Mexico’s electric utility CFE spent several months with CO2CRC in 
Australia as a CCS intern for training in various aspects of subsurface CO2 storage 

US$54,000 

International Academic CCS 
Summit attendance 

UK Academic delegates from Mexico, China and South Africa attended the International 
Academic CCS Summit in Edinburgh, Scotland 

US$5,000 

Specialized monitoring, 
measurement, verification 
training 

Mexico One week training course delivered by University of Texas and international CCS experts 
to PEMEX employees to implement MMV processes  

US$52,000 

Total Projects Implemented   US$1,319,000 
Projects in Progress 
Exploring CCUS Legal and 
Regulatory Framework in 
China 

China Series of workshops, stakeholder engagement and a report exploring legal and 
regulatory issues and recommendations for CCUS in China 

US$275,000 

CCS Financing Roadmap for China China Series of workshops, stakeholder engagement, analysis and final report on CCS 
Financing Roadmap for China 

US$220,000 

Workshops on subsea 
geological storage of CO2 

South Africa Attendance and participation in two workshops held in the USA in April 2016 and 
June 2017 to build understanding of subsea geological storage of CO2 

US$63,000 
Training on carbon capture applied to mineral coal combustion Brazil Five courses and four practical training exercises aimed at investigating CO2 capture, specifically regarding CO2 adsorption US$118,000 
Storage Assessment Training for Saline Aquifers Mexico One week training program focused on identifying and characterizing main sedimentary basins in Mexico to identify suitable formations for CO2 storage US$37,000 
Total Projects in Progress   US$713,000 

 



 
 
 
 

 
November 2017 Fund Status Update 
Please refer to the separate Financial Report: November 2017 for the financial status of the  
Fund.   
Approved Projects – Update: 
The following table provides an update of projects approved by the Governing Council which 
are currently in-progress.  

China Project # 1 - Exploring CCUS Legal and Regulatory Framework in China (APC020) 
The Governing Council approved US$250,000 for this project at its meeting on November 5 
2013, and reconfirmed its approval at its meeting on 17 June 2015. This project was proposed 
by Agenda 21, an agency of the Chinese Ministry of Science and Technology. The project aims to explore CCUS legal and regulatory issues in China, and undertake ‘awareness raising’. The 
project was expected to be implemented over 18 months. 
The Global CCS Institute signed a contract with Agenda 21 in August 2015. Payments will be made in accordance with four milestones. The first three milestone payments have been made, 
totalling US$200,000.  
The workshop ‘Knowledge Sharing on CCUS Legal and Regulatory Framework’ was held in 
Beijing, China on 19 – 20 May 2016. Attendees included: 
 

1. Mr. Tristan Stanley and Mr. Juho Lipponen of IEA 
2. Mr. Jordan Kislear of the U.S. DOE 
3. Mr. Josh Consgrave of Department of Industry and Science of Australia 
4. Dr Olivia Gippner from London School of Economics 5. Dr. Xiaoliang Yang from WRI 
6. Mr. DIAO Yujie from China Geological Survey 
7. Shijian Lu SINOPEC Shenli Project 8. Mr. Yongsheng Wang Shenhua Ordos Project 

 
The project was originally forecast to be completed in February 2017. A contract variation has 
been issued to extend the contract by a further 12 months. 
The grant recipient was expected to submit a final report by July 2017.  GCCSI has not yet 
received the report, and is working with the recipient to finalize and close out this project.  We 
expect it to be completed by year end.    
China Project # 2 – CCUS Finance Roadmap in China (APC021) 
The Governing Council approved US$200,000 for this project at its meeting on November 5 2013, and reconfirmed its approval at its meeting on 17 June 2015. This project was also 
proposed by Agenda 21 with the aim of developing a CCUS Finance Roadmap for China.  

CSLF Capacity Building 
Fund – Status Update: 

November 2017 



The Global CCS Institute signed a contract with Agenda 21 in August 2015. Payments will be 
made in accordance with four milestones. The first three milestone payments have been made, 
totalling US$150,000. 
The project was originally forecast to be completed in February 2017. A contract variation has 
been issued to extend the contract by a further 12 months. 
The Working Group is in the final stages of preparing and structuring the final report. The 
emphasis will be on the business model design and financial roadmap of CCS in China, and also with a focus on: 

 Review of CCS demonstration in China, as well as stakeholders investigation: 
 Business model design; and  
 Financial roadmap. 

A final report is due to GCCSI in February 2018, at which time we will make final payment and 
complete the project. 
South Africa – Workshop on Sub-Seabed Geologic Storage of Carbon Dioxide (APC037) 
At its meeting on 21 January 2016, the Governing Council approved up to AU$77,528.88 to cover the travel expenses of up to 15 CSLF Members to attend a capacity building workshop 
on sub-seabed geological storage of carbon dioxide, to be held in Austin, Texas, USA.  
The workshop was successfully held on 19-21 April 2016. A total of 10 delegates were supported by CSLF funds, as follows: one – UK, one – China, one – Mexico, one – Brazil, one 
– Norway, one – Netherlands, one – Korea, one – Australia, one – South Africa. I.e. five from 
emerging economy Members and five from developed economy Members. 
Subsequent to the completion of the first workshop, SANEDI, the project contractor, sent a 
request to the CSLF Secretariat to utilize funds remaining from the orginal request (to cover 
travel to a second workshop to be held in the USA - the International Workshop on Offshore 
Geologic CO2 Storage. In April 2017, the Governing Council approved the additional activity, 
the cost of which would be covered by the original approved amount.   
The workshop was held 19-20 June 2017 in Beaumont, Texas.  It attracted 50 attendees from 
9 countries to discuss developments for offshore transport and geological storage. Conclusions 
and recommendations were agreed, with a focus on infrastructure issues, these included to 
engage with operators of offshore infrastructure to make them aware of the opportunities from 
CCS and CO2-EOR. The workshop continued with a field trip to look at all the elements of an 
integrated CCS project: a large CO2 source at the Air Products capture project in Port Arthur, 
CO2 transport options including Denbury’s Green pipeline and CO2 hub potential, and the 
geology for a potential storage site offshore, all of these being in close proximity in this part of 
south eastern Texas. 
Mr. Noel Kamrajh from South Africa, Mr. Zhou Di of China, and Mr. Heron Gachuz of Mexico 
were the delegates to the conference that were supported by the Fund. The delegates benefited from these technical updates and discussions on their application to their own 
countries. 
A payment of US$27,000 has been made, covering expenses for the first workshop. The final report for the project and documentation of costs incurred for the second workshop is expected 
to be submitted to GCCSI in November.  Once approved and the invoice paid, this project will 
be completed. 



Brazil -Training Program in Carbon Capture Applied to Mineral Coal Combustion 
Process Based on Adsorption (USA031.3) 
At its meeting on 29 June, 2016, the Governing Council approved up to AU$144,760 for a 
contract with Beneficent Association of the Santa Catarina Coal Industry (SATC) through its 
Clean Coal Technological Center (CTCL) to support 5 courses and 4 practical training 
exercises (two of which will be undertaken in the USA), aimed at investigating CO2 capture, 
specifically regarding CO2 adsorption.  
The Contract was signed 1 February, 2017 and is progressing with the expectation to be 
completed by 31 January, 2019.  
The Milestones Payment Schedule is listed below: 
 1. Delivery of Practical Training 1 (IPC equipment) and acceptance of summary report –
AU$4,200 
2. Delivery of Practical Training 2 (gas chromatography) and acceptance of summary report – 
AU$4,200 
3. Delivery of Course 1 (X-ray diffraction) and acceptance of summary report – AU$12, 460 
4. Delivery of Course 2 (process simulation post combustion) and acceptance of summary report – AU$12,670 
5. Delivery of Practical Training 4 (simulation) and acceptance of summary report – AU$29,680 
6. Delivery of Practical Training 3 (sorbet tests) and acceptance of summary report –AU$11,760 
7. Delivery of Course 3 (process simulation post combustion) and acceptance of summary 
report – AU$30,240 
8. of Course 4 (process simulation) and acceptance of summary report – AU$9,310 
9. Delivery of Course 5 (physical adsorption) and acceptance of summary report – AU$30,240 
 
GCCSI has received project reports for Training 1 and 2, and Course 1.  The first three milestone payments, totalling US$15,000, will be made in November 2017. 

Completed Projects – Update: 
The following table provides an update of projects approved by the Governing Council which 
have moved through to completion. 
Mexico - Storage Internship (APC031) 
At its meeting on 16 September 2013, the Governing Council approved a 3-6 month 
internship for a Comisión Federal de Electricidad (CFE) representative to be undertaken in Australia through the CO2CRC. The approved budget was US$51,459. The Governing 
Council reconfirmed its approval at its 17 June 2015 meeting. 
The Institute signed a contract with CO2CRC in February 2016 for the delivery of this project. The Mexican Ministry of Energy (SENR) identified a candidate from CFE. The 
University of Adelaide (who will be research institution hosting the intern) submitted the 
application for an occupational trainee visa. 
The internship commenced in October 2016 with the key objective being training and 
experience sharing between Mexico and Australia about methodologies for CO2 
geological storage. Activities undertaken include: 
  3D modelling study associated with the CO2CRC project on Prediction and Verification of Shallow CO2 Migration; 



 Groundwater sampling and analysis associated with the CO2CRC project on 
Otway Assurance Monitoring; and  Enhanced Pore Space Utilisation literature review associated with the CSLF Task 
Force project.   

A completion report, outlining lessons learned, and an action plan for how these lessons 
will be shared, disseminated or implemented in the Mexican organisation, was received by 
GCCSI in  June 2017.  Final payment has been made to CO2CRC.  This project is now 
complete. 
Mexico - Specialized Storage Assessment Training for Saline Aquifers (USA031.2) 
At its meeting on 29 June, 2016, the Governing Council approved up to AU$48,554.46, for 
a one week training program focused on the transfer of knowledge from international 
experts to relevant geological and reservoir engineers so they can identify and 
characterize the main sedimentary basins in Mexico in order to identify suitable geological formations for CO2 storage. 
 
The workshop was held 24-28 April, 2017.  
The Milestone Payment Schedule is listed below: 
  Evidence of sub-contract with the University of Texas):  AU$22,689   

 Training completion report to be submitted after successful delivery of the training: 
AU$22,689  

SENER had difficulty in accepting the Institute’s standard contractual terms and conditions and for this reason a third party, LARCI Consulting Group, was asked on behalf of SENER 
to accept the funds and enter into a contract with the Institute for the delivery of the 
workshop.  
Upon receiving training completion reports, the Institute issued payment to LARCI for 
achievement of both milestones.  This project is complete. 

 
Other Project Proposals currently under Development: 
The Secretariat has received two Project Proposals, as described below:  
Canada and United States 
A project proposal was submitted by The International Knowledge Centre (Canada) and the 
University of Illinois (USA) in June, 2017.  A brief summary of the project is as follows:  The project is titled Technology and policy capacity building to accelerate CCUS adoption in high CO2 emitter countries  Its purpose is to facilitate travel and training expenses for three different international delegations of officials and technologists to visit Canada and the US for a period of 

time in order to grow and accelerate CCUS knowledge in current CSLF member 
countries, such as South Africa, China,  Mexico and Brazil, as well as targets for new CSLF membership, such as Indonesia and other countries that have identified CCS 
in their Nationally Determined Contributions (NDCs) under the UNFCCC but are not 
CSLF members (e.g. Bahrain and Egypt).   This modular study tour of North America based CCUS projects is designed to give 
them the tools and comfort to adopt CCUS broadly.  The funding request is for US$166,200. 

 



The Governing Council is expected to discuss this proposal at its upcoming meeting in 
November. 
 
 
India 
A Project Proposal was submitted by NTPC NETRA (India) on October 23, 2017.  A brief 
summary of the project is as follows:  The project is titled CO2 utilization by its Chemocatalytic Conversion to Methanol / 

Dimethyl ether (DME).  Its purpose, as stated in the submission, is to establish the proof of concept for 
catalytic conversion of CO2 to Methanol / Di-methyl ether.  An attempt is to be made 
to develop a catalyst which will directly convert CO2 from flue gas into Methanol. Two methodologies will be explored: o Direct synthesis of Methanol from CO2 and H2 will be attempted by using 

Cu/ZnO based catalyst  o Dry reforming of carbon / coal in presence of CO2 to generate CO  The scope of work includes catalyst development and a lab scale feasibility study for the proof of concept for the synthesis of methanol/ DME by hydrogenation-
dehydration sequence using CO2 and hydrogen as the raw material.  The funding request is for 217,000 rupee, or approximately US$334,000. 

 
The Governing Council is expected to discuss this proposal at its upcoming meeting in November. 



RECOMMENDATIONS TO DECISION MAKERS FOR OVERCOMING BARRIERS TO 
OFFSHORE ENHANCED OIL RECOVERY 
 
The CSLF’s Technical Group has recently concluded an activity to identify technical barriers and 
R&D needs/opportunities for offshore enhanced oil recovery using carbon dioxide (CO2-EOR).  Key 
recommendations from this work are that governments and industry should work together to: 
 
Increase the pace in deployment of CCS. This is a prerequisite for offshore CO2-EOR and needs 
attention at the highest political level. Slow deployment may lead to missed windows of opportunity 
for CO2-EOR, as the effect of CO2-EOR will be reduced as the field gets more mature and, at some 
point, the benefit will be insufficient.  There are few, if any, developed sources of CO2 close to the 
offshore fields amenable to CO2-EOR.  
 
Start planning regional hubs and transportation infrastructures for CO2. Building the networks 
will require significant up-front investments and the coordination of stakeholders, including industries, 
business sectors, and authorities that will have to work together. A one-on-one source to CO2-EOR 
field linkage is likely to be more expensive per tonne CO2 than a network, and to have low flexibility 
with respect to reduced need for fresh CO2 and temporary stops in the CO2 production. The activities 
will include CO2 capture at regional clusters of power and industrial plants, transportation of the CO2 
to hubs and to the individual receiving fields, and injection management. Preliminary studies of the 
feasibility of such systems have already started in some regions, most notably the Gulf of Mexico and 
the North Sea. Such studies must be followed up. 
 
Develop business models for offshore CO2-EOR. Establishing offshore CO2 networks will create 
many interdependencies and commercial risks concerning both economics and liabilities. Risk- and 
cost-sharing will be needed. The literature has a few examples that provide some thoughts, but these 
need to be matured. The business models must include fiscal incentives, e.g., in term of taxes or tax 
rebates. 
 
Support RD&D to develop new technologies.  CAPEX and OPEX for offshore CO2-EOR are 
significant due to needed modifications and additional equipment on the platforms to separate CO2 
from the produced oil and gas and to make existing wells and pipes resistant to CO2 corrosion. 
Development of new technologies can reduce the need for modifications and new equipment, for 
example, better mobility control or sub-surface separation systems. Use of existing pipelines may also 
be a way to keep investment costs down. 
 
Continue to develop regulations specific to offshore CO2-EOR. Many jurisdictions do not have 
regulations for offshore CO2-EOR in place. Regulations should include monitoring the CO2 in the 
underground, both during and particularly after closure and guidelines for when the field transfers into 
a CO2 storage site.  
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CHARTER FOR THE CARBON 
SEQUESTRATION LEADERSHIP 
FORUM (CSLF):  

A CARBON CAPTURE AND 
STORAGE TECHNOLOGY 
INITIATIVE 
 

The undersigned national governmental entities (collectively the “Members”) set forth the following 
revised Terms of Reference for the Carbon Sequestration Leadership Forum (CSLF), a framework for 
international cooperation in research, development demonstration and commercialization for the 
separation, capture, transportation, utilization and storage of carbon dioxide. The CSLF seeks to 
realize the promise of carbon capture utilization and storage (CCUS) over the coming decades, 
ensuring it to be commercially competitive and environmentally safe. 

1.  Purpose of the CSLF 

To accelerate the research, development, demonstration, and commercial deployment of improved 
cost-effective technologies for the separation and capture of carbon dioxide for its transport and long-
term safe storage or utilization; to make these technologies broadly available internationally; and to 
identify and address wider issues relating to CCUS. This could include promoting the appropriate 
technical, political, economic and regulatory environments for the research, development, 
demonstration, and commercial deployment of such technology. 

2. Function of the CSLF 

 The CSLF seeks to: 

 

2.1 Identify key obstacles to achieving improved technological capacity; 

2.2 Identify potential areas of multilateral collaborations on carbon separation, capture, 
utilization, transport and storage technologies; 

2.3 Foster collaborative research, development, and demonstration (RD&D) projects reflecting 
Members’ priorities; 

2.4 Identify potential issues relating to the treatment of intellectual property; 

2.5 Establish guidelines for the collaborations and reporting of their results; 

2.6 Assess regularly the progress of collaborative RD&D projects and make recommendations 
on the direction of such projects; 

2.7 Establish and regularly assess an inventory of the potential RD&D needs and gaps; 

2.8 Organize collaboration with the international stakeholder community, including industry, 
academia, financial institutions, government and non-government organizations; the CSLF 
is also intended to complement ongoing international cooperation; 

2.9 Disseminate information and foster knowledge-sharing, in particular among members’ 
demonstration projects; 

2.10 Build the capacity of Members; 

2.11 Conduct such other activities to advance achievement of the CSLF’s purpose as the 
Members may determine; 
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2.12 Consult with and consider the views and needs of stakeholders in the activities of the 
CSLF; 

2.13 Initiate and support international efforts to explain the value of CCUS, and address issues 
of public acceptance, legal and market frameworks and promote broad-based adoption of 
CCUS; and 

2.14 Support international efforts to promote RD&D and capacity building projects in developing 
countries. 

3. Organization of the CSLF 

 

3.1 A Policy Group and a Technical Group oversee the management of the CSLF. Unless 
otherwise determined by consensus of the Members, each Member will make up to two 
appointments to the Policy Group and up to two appointments to the Technical Group. 

3.2 The CSLF operates in a transparent manner. CSLF meetings are open to stakeholders 
who register for the meeting. 

3.3 The Policy Group governs the overall framework and policies of the CSLF, periodically 
reviews the program of collaborative projects, and provides direction to the Secretariat. 
The Group should meet at least once a year, at times and places to be determined by its 
appointed representatives. All decisions of the Group will be made by consensus of the 
Members. 

3.4 The Technical Group reports to the Policy Group. The Technical Group meets as often as 
necessary to review the progress of collaborative projects, identify promising directions for 
the research, and make recommendations to the Policy Group on needed actions. 

3.5 The CSLF meets at such times and places as determined by the Policy Group. The 
Technical Group and Task Forces will meet at times that they decide in coordination with 
the Secretariat. 

3.6 The principal coordinator of the CSLF's communications and activities is the CSLF 
Secretariat. The Secretariat: (1) organizes the meetings of the CSLF and its sub-groups, 
(2) arranges special activities such as teleconferences and workshops, (3) receives and 
forwards new membership requests to the Policy Group, (4) coordinates communications 
with regard to CSLF activities and their status, (5) acts as a clearing house of information 
for the CSLF, (6) maintains procedures for key functions that are approved by the Policy 
Group, and (7) performs such other tasks as the Policy Group directs. The focus of the 
Secretariat is administrative. The Secretariat does not act on matters of substance except 
as specifically instructed by the Policy Group. 

3.7 The Secretariat may, as required, use the services of personnel employed by the Members 
and made available to the Secretariat. Unless otherwise provided in writing, such 
personnel are remunerated by their respective employers and will remain subject to their 
employers' conditions of employment. 

3.8 The U.S. Department of Energy acts as the CSLF Secretariat unless otherwise decided by 
consensus of the Members. 

3.9 Each Member individually determines the nature of its participation in the CSLF activities. 

4 Membership 

 

4.1 This Charter, which is administrative in nature, does not create any legally binding 
obligations between or among its Members. Each Member should conduct the activities 
contemplated by this Charter in accordance with the laws under which it operates and the 
international instruments to which its government is a party. 

4.2 The CSLF is open to other national governmental entities and its membership will be 
decided by the Policy Group. 
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4.3 Technical and other experts from within and without CSLF Member organizations may 
participate in RD&D projects conducted under the auspices of the CSLF. These projects 
may be initiated either by the Policy Group or the Technical Group. 

5 Funding 

Unless otherwise determined by the Members, any costs arising from the activities contemplated by 
this Charter are to be borne by the Member that incurs them. Each Member's participation in CSLF 
activities is subject to the availability of funds, personnel and other resources. 

6 Open Research and Intellectual Property 

 

6.1 To the extent practicable, the RD&D fostered by the CSLF should be open and 
nonproprietary. 

6.2 The protection and allocation of intellectual property, and the treatment of proprietary 
information, generated in RD&D collaborations under CSLF auspices should be defined by 
written implementing arrangements between the participants therein. 

7. Commencement, Modification, Withdrawal, and Discontinuation 

 

7.1 Commencement and Modification 

7.1.1 Activities under this Charter may commence on June 25, 2003. The Members may, 
by unanimous consent, discontinue activities under this Charter by written 
arrangement at any time. 

7.1.2 This Charter may be modified in writing at any time by unanimous consent of all 
Members. 

7.2 Withdrawal and Discontinuation 

A Member may withdraw from membership in the CSLF by giving 90 days advance written 
notice to the Secretariat. 

8. Counterparts 

This Charter may be signed in counterpart. 
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