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1 Review of Published CCS Roadmaps
A Carbon Capture and Storage (CCS) roadmap generally focuses on a vision, goals and actions
required to encourage the development and deployment of CCS. The focus is typically both shorter
term (5 to 10 years) and longer term (10 to 30 years) with a view to develop commercial and
competitive emissions reduction abatement technology. Given each distinct national or
jurisdictional context, different technology and policy approaches, each roadmap is unique. Table 1
summarises the focus of key CCS roadmaps covered in this paper.
Table 1: CCS roadmap summary
Jurisdiction
Australia1

Release Date
2008

Canada

2006

China

2015

European Union
Netherlands

N/A
2014

Norway

2015

United Kingdom

2012

United States of America

2014

International (IEA)

2013

Roadmap Focus
Immediate R&D
requirements and
commercial deployment
Accelerated deployment
Eliminate the technical,
legal, policy and financial
issues restricting full scale
implementation
Accelerated deployment via
focused R&D and facilitating
projects
Accelerated deployment to
combine CCS with existing,
economically viable projects
and policy measures
Demonstration supported by
R&D and international
collaborations
R&D followed by
demonstrations with a view
to commercial deployment
Deployment, based on
technology demonstrations

1

Responsible Organisation
CO2CRC

CANMET Energy
Technology Centre
Department
of Climate Change of the
National Development
and Reform Commission
CATO the Dutch national
R&D programme for CO2
capture, transport and
storage
NORDICCS Nordic CCS
Competence Centre

Department of Energy
and Climate Change
DOE for the roadmap /
NETL for the R&D
reporting
International Energy
Agency

An updated roadmap for the development and deployment of CCS in Australia was prepared by the National
CCS Council in 2013 – however it has not been officially released nor has it been adopted by Australian
stakeholders. A Roadmap for the Development and Deployment of Carbon Capture and Storage in Australia – Chris Grieg
private communication.
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1.1 Australia
Released in 2008, Australia’s CCS Technology Roadmap2 covered capture and storage technologies in
an international context. The roadmap focused on work to develop skills and knowledge, research
and development, demonstration and application and advanced systems with a view to remove or
reduce the commercial barriers (refer to Figure 1) to CCS deployment.

Figure 1: Addressing the barriers to large-scale implementation of CCS in Australia
Source: Presentation by Peter J Cook and Dennis R Van Puyvelde 2008, Australia’s CCS Technology Roadmap

An updated roadmap for the development and deployment of CCS in Australia was prepared by the
National CCS Council in 2013 – however it has not been officially released nor has it been adopted by
Australian stakeholders. This unpublished roadmap recommended priority actions for investment
and policy to support:3
• Exploration and appraisal of greenhouse gas storage resources in advance of integrated
projects;
• A number of early mover, integrated industrial CCS projects involving private sector
investment, such that activity is visible over the next ten-year period;
• Sufficient planning for strategic, large-scale greenhouse gas storage and pipeline
infrastructure hubs and networks;
• Targeted research and development, especially in relation to greenhouse gas storage and
aligning broader programs with international programs; and
• Development and implementation of a national strategy for CCS communications and
engagement to build on government and industry initiatives and improve public
understanding of the role of CCS in Australia’s energy future.
In parallel with this roadmap the National CCS Council commissioned an also unpublished report on
Mobilising Private Sector Investment to Accelerate Early Mover CCS Projects.4

2
3

Presentation by Peter J Cook and Dennis R Van Puyvelde, 2008, Australia’s CCS Technology Roadmap

A Roadmap for the Development and Deployment of Carbon Capture and Storage in Australia – Chris Grieg private
communication.

4

Mobilising Private Sector Investment to Accelerate Early Mover CCS Projects – Chris Grieg private communication.
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1.2 Canada
The Canada CO2 Capture & Storage Technology Road Map5 released in 20066 provided a snapshot of
key information stakeholders needed to know regarding Canadian opportunities for developing CCS
infrastructure and systems. This included the role of CCS in the emerging local and global energy
context, national and global opportunities for CCS technologies, current state of CCS technology in
the Canadian context, specific technology needs and pathways for developing these technologies,
and the critical next steps and champions to facilitate the success of CCS.
In an attempt to leverage its inherent opportunities to develop CCS six areas where identified in the
“way forward” component of the roadmap:
1.
2.
3.
4.
5.
6.

Policy and regulatory framework
Public outreach and education
Technology watch and international collaboration
Science and technology research and development
Demonstration
National coordination.

Three time horizons – short, medium and long-term – were used to summarise the capture and
storage needs identified as critical for research and development (refer to Figure 2).

5
6

Government of Canada 2008, CCTRM – Canada’s Clean Coal Technology Roadmap, Quebec, April
The roadmap has since been archived.

3

Figure 2: Canadian capture and storage R&D needs
Source: Government of Canada 2008, CCTRM – Canada’s Clean Coal Technology Roadmap, Quebec, April
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1.3 The People’s Republic of China (PRC)
The China roadmap7 released in 2015 by the Asian Development Bank aims to provide clear links
between early stage CCS demonstrations, phased scale-up, and the Government’s emission
reduction objectives. It provides an overview of the contribution CCS could make to mitigation
efforts, current deployment activities and highlights plans to maintain momentum.8
The roadmap provides a long-term vision and charts out specific demonstration and deployment
goals over a short to long-term horizon (refer to Figure 3). The recommended next steps focus on
publication of the roadmap and engaging with a range of stakeholders to encourage discussion and
mobilize support for implementation, including:
• Initiate discussions with policy makers to secure endorsement of key findings and
recommendations and include them in the PRC climate change policy framework;
• Set appropriate targets for immediate early stage demonstration projects and later upscaling within the policy framework recommended in this Roadmap;
• Initiate a process for the short-listing and selection of early stage demonstration projects
ready for FEED studies;
• Develop a policy and regulatory framework using information from this Roadmap as input
and considering the actual policy environment at the time;
• The framework needs to include arrangements for facilitating CO2-enhanced oil recovery
(EOR) and to determine whether power plants being built from the start of the 13th plan
should be required to be CCS-ready; and
• Learn from international experience.

Figure 3: Proposed CCS Roadmap for the People’s Republic of China
Source: Asian Development Bank 2015, Roadmap for Carbon Capture and Storage Demonstration and Deployment in the
People’s Republic of China, Mandaluyong City, Philippines, Asian Development Bank
7

Asian Development Bank 2015, Roadmap for Carbon Capture and Storage Demonstration and Deployment in the People’s
Republic of China, Mandaluyong City, Philippines, Asian Development Bank
8
An Energy Technology Revolution Key Innovation Action Roadmap has been recently published. In the Roadmap under
Action Item 4: Carbon Capture, utilization and storage technology innovation. Item 4.2 Innovation objectives
•
By 2020, build a 1 million tonne whole chain CCUS demonstration project
•
By 2030, build CCUS hubs covering oil, chemical, electricity, coal and bio-engineering ; Commercial CCS is applied in
coal-fired power stations.
• By 2050, CO2 emission reduction cost reduced by 60% compared with 2015. Whole chain CCUS is applied to electricity,
coal, chemical, mineral processing.
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1.4 Netherlands
The 2014 Netherlands CATO9 CCS Implementation Plan10 describes actions needed to accelerate CCS
development and deployment to levels that would allow CCS to fulfil its CO2 reduction potential.
The roadmap11 identifies the major responsibilities for government and industry stakeholders. While
it seeks to enable CCS development towards 2050 the focus is on actions in the short to medium
term. Each action or focus area seeks to address one or more main issues that need to be resolved
to successfully deploy CCS.
Current hurdles have been identified and subdivided into five classes or issues. Each issue needs to
be addressed sufficiently to remove the barriers towards deployment and create a situation
whereby CCS can be a competitive technology to abate CO2 emissions. To address these issues
separate actions for each issue have been formulated, including the main initiator (individual
responsibility) and the required timeframe for implementation of each action (refer to Figure 4). In
summary these are:
1. Role of CCS in abating CO2 emissions
2. Research and development to improve performance of CCS and improve stakeholder
capacity building
3. Improvement of economic conditions to accelerate the deployment of CCS
4. Establish short, effective and transparent procedures to develop and implement CCS
projects
5. CCS project developers need sufficient certainty about long-term spatial planning, long-term
political commitment and economic viability.

Figure 4: Netherlands CCS roadmap
Source: CATO, 2014, Carbon Capture and Storage Roadmap for the Netherlands, http://ccsroadmap.ecofys.com/index.php/CCS_Roadmap
9

CATO is the Dutch national R&D programme for CO2 capture, transport and storage.

10

CATO, 2014, Carbon Capture and Storage Roadmap for the Netherlands,
http://ccs-roadmap.ecofys.com/index.php/CCS_Roadmap
11
Unlike other CCS roadmaps the Dutch use a web-based reporting option and in the roadmap itself, a metro line
represents each issue, with the stations representing actions.
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1.5 Norway
The 2013 Nordic CCS Roadmap12 clearly states that Nordic climate targets cannot be met without
CCS. Noting the rationale for CCS and outlining Norway’s unique position of having large-scale
storage resources and decades of industry experience, the roadmap provides an overview of the
potential to achieve economies of scale and combine CCS with existing, economically viable projects,
including EOR, to drive deployment.
The roadmap considers technical analysis and benefits of economically viable options, identifying
natural gas sweetening as the favoured option to drive CCS deployment, followed by industry
clusters and natural gas plants with CCS to supply offshore oil fields and further abroad. It considers
four scenarios to be implemented by 2050 (refer to Figure 5):
1. Scenario 1: Status quo
2. Scenario 2: The Norwegian Government’s commitment to implement a CCS project by 2020,
(abating ~1 Mt of CO2 /year)
3. Scenario 3: New gas sweetening projects online towards 2020, with two to three projects
assumed by 2050 (capturing a total of ~4 Mt of CO2 /year)
4. Scenario 4: Industrial CCS projects, focusing on cement and steel.
It also considers the essential policies to drive demonstration and deployment, recommending:
•
•
•
•
•
•

Government support via capital grants;
Mechanisms to support operation of plants;
CCS certificates for fossil fuel suppliers;
Inclusion of biogenic CO2 sources under the ETS;
Feed-in-Tariffs; and
Measurement reporting guidelines for CO2 transport (by ship) under the ETS.

Figure 5: Nordic CCS Roadmap for the implementation of CCS towards 2050
Source: Nordic CCS Competence Centre, 2013, Nordic CCS Roadmap: A vision for Carbon Capture and Storage towards
2050, http://www.sintef.no/globalassets/project/nordiccs/nordiccs-bok---small_2013-11-1.pdf

The 2015 roadmap update calls for urgent action to create public investment in the first joint CO2
hub and storage site and link with EOR, prioritise purchase of green materials produced with CCS,
strengthen EU ETS as the long-term driver for CCS and capital grants to support large projects.
12

Nordic CCS Competence Centre, 2013, Nordic CCS Roadmap Update 2015: A vision for Carbon Capture and Storage
towards 2050, https://www.sintef.no/globalassets/project/nordiccs/nordiccs-roadmap-updated-2015-12-033.pdf
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1.6 United Kingdom (UK)
The UK CCS Roadmap13 released in 2012 sets out the strategic context for the Government’s
interventions to support the development and deployment of cost-competitive CCS and the steps
being taken to achieve this outcome. To address the identified challenges the program of
interventions includes (refer also to Figure 6):
•
•
•

•

•

A CCS commercialisation program;
A 4-year, coordinated research and development, and innovation program;
Development of a market for low carbon electricity through Electricity Market Reform
including availability of Feed-in-Tariffs and Contracts for Difference for low carbon electricity
tailored to the needs of CCS equipped fossil fuel power stations;
Intervention to address key barriers to the deployment of CCS including work to support the
CCS supply chain, develop transport and storage networks, prepare for the deployment of
CCS on industrial applications and ensure the right regulatory framework is in place; and
International engagement focused on sharing knowledge to help accelerate cost reduction.

Figure 6: The five key interventions the UK Government is undertaking in the CCS Roadmap
Source: Government of United Kingdom, 2012, CCS Roadmap, Department of Energy and Climate Change

13

Government of United Kingdom, 2012, CCS Roadmap, Department of Energy and Climate Change
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1.7 United States of America (USA)
The first CCS roadmap in the USA was published by the Department of Energy’s (DOE) National
Energy Technology Laboratory (NETL) in 2002. 14 It has been updated in 2010 for carbon capture and
storage, and the storage roadmap updated again in 2014 (refer to Figure 7).
The goal of the 2014 carbon storage technology plan was to set out a plan for the USA to solve key
technology challenges and ensure advanced technologies for deployment of CCS are available by
2030, including:
•
•

•

Support the findings of the CCS Task Force15 to develop cost-effective technologies to ensure
safe, publically acceptable CO2 storage while meeting regulatory requirements;
Ensure advanced technologies are available by 2020 for first mover projects. First mover
projects include early commercial-scale projects in depleted oil reservoirs and saline
formations, deployed with economic benefits that offset the cost of capture; and
Ensure advanced technologies are available by 2030 to support broad deployment projects.
Broad deployment projects include next-generation commercial-scale projects in all storage
types with an emphasis on saline formations.

The overall objective of the U.S. Department of Energy’s (DOE) Carbon Storage program is to
develop and advance CCS technologies both onshore and offshore that will significantly improve the
effectiveness of the technology, reduce the cost of implementation, and be ready for widespread
commercial deployment in the 2025–2035 timeframe.
To accomplish widespread deployment, technical and economic barriers must be addressed and
data and information generated and communicated to inform regulators and industry on the safety
and permanence of CCS. Four program goals have been established that support the scale-up and
development of CCS leading to widespread deployment.
1. Develop and validate technologies to ensure 99 percent storage permanence
2. Develop technologies to improve reservoir storage efficiency while ensuring containment
effectiveness
3. Support industry’s ability to predict CO2 storage capacity in geologic formations to within
±30 percent
4. Develop Best Practice Manuals for monitoring, verification, accounting, and assessment; site
screening, selection, and initial characterization; public outreach; well management
activities; and risk analysis and simulation.

14

US Department of Energy, 2014, Carbon Storage Technology Program Plan, Department of Energy: Office of Fossil
Energy

15

Early in 2010 a number of USA Executive departments and Federal agencies established an Interagency Task Force on
CCS. In late 2010 the Task Force delivered a series of recommendations on overcoming the barriers to the widespread,
cost-effective deployment of CCS within 10 years. The report concluded that CCS can play an important role in domestic
GHG emissions reductions while preserving the option of using abundant domestic energy resources.

9

Figure 7: USA CCS and Power Systems Subprograms Roadmap
Source: US Department of Energy, 2014, Carbon Storage Technology Program Plan, Department of Energy: Office of Fossil
Energy
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1.8 International Energy Agency (IEA)
Unlike specific country or regional roadmaps, the IEA sets a vision and action items for CCS
deployment without any specific delivery mechanisms (refer to Figure 8). The 2013 IEA Technology
Roadmap: Carbon Capture and Storage16 summarises the challenge into four main areas:
• Lack of economic drivers;
• Lack of policy support;
• Technical difficulties; and
• Limited public understanding.
The roadmap identifies the short term (2013 – 2020) as critical to the accelerated development of
CCS. Seven key actions in the lead up to 2020 were deemed necessary to lay the foundation for
scaled-up CCS deployment. These require serious dedication by governments and industry, but are
realistic and cover all three elements of the CCS process. These include:
1. Introduce financial support mechanisms for demonstration and early deployment of CCS to
drive private financing of projects
2. Implement policies that encourage storage exploration, characterisation and development
for CCS projects
3. Develop national laws and regulations as well as provisions for multilateral finance that
effectively require new-build, baseload fossil fuel power generation capacity to be CCS-ready
4. Prove capture systems at pilot scale in industrial applications where CO2 capture has not yet
been demonstrated
5. Significantly increase efforts to improve understanding among the public and stakeholders
of CCS technology and the importance of its deployment
6. Reduce the cost of electricity from power plants equipped with capture through continued
technology development and use of highest possible efficiency power generation cycles
7. Encourage efficient development of CO2 transport infrastructure by anticipating locations of
future demand centres and future volumes of CO2.

Figure 8: CCS in the power and industrial sectors (in the 2°C scenario)
Source: IEA (International Energy Agency) 2013, Technology Roadmap: Carbon capture and storage, IEA/OECD, Paris
16

IEA (International Energy Agency) 2013, Technology Roadmap: Carbon capture and storage, IEA/OECD, Paris
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2 Snapshot of the Australian Projects
2.1 Learnings from key CCS projects to date: status and barriers
There are eight key CCS projects that demonstrate learnings for CCS in an Australian context, as
outlined in Table 2: Key CCS activities in Australia.
These projects are located in Western Australia (two projects), Queensland (three projects), Victoria
(two projects) and New South Wales (one project) and include full range system operation trials,
pilot-scale technology demonstration, prototype demonstration and commercial trial.
Table 2: Key CCS activities in Australia
Project
Gorgon, Barrow Island,
Western Australia

Considerations
Integrated Carbon Capture and Sequestration Demonstration Project from natural
gas processing plant with dedicated deep saline geological storage.
Operation will demonstrate largest carbon capture and storage in Australia.

Callide, Biloela,
Queensland

Successful demonstration of retrofitted oxy-combustion coal-fired power
generation technology.
Provides pathway to large-scale oxy-combustion coal-fired power generation.
Communication of success of project to wider community has been inadequate.

CarbonNet, Gippsland
Basin, Victoria

Provides pathway for full chain CCS demonstration in Victoria.
Keeps CCS as an option in Victoria (and for NSW).

CTSCo, Surat Basin,
Queensland

Provides pathway for a full chain CCS demonstration in Queensland.
Pathway to permitting of onshore saline reservoir CO2 storage in Queensland using
conventional and MAT trapping.

Otway, Nirranda South,
Victoria

Successful demonstration of end-to-end CO2 capture, injection and storage in both
depleted a field and saline formation. with successful community engagement for a
project of international significance.
Provides pathway to permitting of saline reservoir CO2 storage in Australia and
internationally using unconventional MAT and VMAT CO2 trapping.

South West Hub,
Harvey, Western
Australia

Provides well-suited site for R&D for unconventional MAT and VMAT CO2 trapping.
Provides potential technical advancement to double the quantity of geology
suitable for storing CO2 in Australia and internationally.

ZeroGen, Stanwell,
Queensland

The lack of a suitable storage location, the very high capital cost, and intricate
government and industry funding resulted in this project not progressing.
Demonstrated very successful local community engagement in Queensland.
Provided good understanding of project cost escalation.

NSW CO2 Storage
Assessment

Provides a pathway to better understanding Australia’s storage resources.
Prospective commercial-scale storage site has been identified in the Darling Basin
with exploration ongoing.
Has indicated that the Sydney Basin is not prospective.

12

2.2 Gorgon, Barrow Island, Western Australia
Project to compress and inject reservoir CO2 extracted from
raw gas as a routine part of gas processing operations into a
deep underground reservoir.
The Gorgon Carbon Dioxide Injection Project is an integral
component of the gas processing plant on Barrow Island, and
once operational, will represent the largest investment in
March 2016: Aerial view of the gas
greenhouse emissions mitigation undertaken by industry
processing plant site looking southeast. The
three carbon dioxide compressor modules
globally.
can be seen in the lower left of the photo.

17

Project type

CO2 storage

Industry
Project focus
Project status
Planned date for
operation
Technical Details

Natural gas processing
Underground injection, monitoring and reservoir management
Under construction
2017 (operations)

Storage/Utilisation
Scale, CO2 tpa
Cost (2013)
Partners

Reservoir CO2 stream compressed via six, four stage compressor trains
and injected via nine injection wells. Project includes active pressure
management and monitoring activities.
Dupuy Formation reservoir over 2km below surface.
3,400,000 – 4,000,000 (over 100,000,000 over the life of project)
USD $2B
Chevron, Shell, ExxonMobil, Osaka Gas, Tokyo Gas, Chubu Electric,
Australian Government

CO2 Capture
•

•
•

•

•

17
18

Gorgon is an onshore natural gas processing
facility producing LNG from an offshore
conventional natural gas field
Gorgon is using commercially available
amine (industrial) capture technology
CO2 is separated from raw natural gas as a
routine part of gas processing operations to
be undertaken at the Gorgon Project.
Specifically natural gas processing
technology, not transferable to post
combustion capture
Estimated amount of CO2 captured for
storage is 3-4 million tonnes per year

CO2 Storage18
•

•

3.4 – 4 million tpa of reservoir CO2 sourced
from the gas processing facility, compressed
in and transported to nine injection wells in a
7km pipeline
Storage location:
• Dedicated deep saline geological storage
under Barrow Island, a Class 1 nature
reserve
• Active pressure management via water
extraction from the reservoir
• Program of surface and subsurface
monitoring and reservoir management
• Brine extraction with reinjection in
shallower aquifer

ZeroCO2 2016, Gorgon CO2 Injection Project, http://www.zeroco2.no/projects/gorgon
Chevron 2016, Gorgon Project, https://www.chevronaustralia.com/our-businesses/gorgon
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2.3 South West Hub, Harvey, Western Australia
Intended site for R&D on unconventional MAT and VMAT
CO2 trapping.19
Provides potential technical advancement to double the
quantity of geology suitable for storing CO2 in Australia and
internationally.

Project type

Pilot-scale technology demonstration20

Industry
Project focus
Project status
Planned date for
operation
Technical Details
Storage/Utilisation
Scale, CO2
Cost (2012)
Partners

Research
Storage
Evaluate
2025
Research and geo-sequestration demonstration project
Onshore Saline Reservoir
65,000 Tonnes (overall)
AUD $48M to date
Western Australian Department of Mines and Petroleum, South West
Hub Joint Venture, Australian Government

CO2 Capture
•

No confirmed capture (CO2 source)
associated with the current stage of the
project

CO2 Storage
•

•

•

The initial drilling programme confirmed in
October 2012 the existence of the Lesueur
reservoir 2.5 kilometres underground
The project partners are currently working on
a four-year research project to determine the
long-term storage potential of the Lesueur
Sandstone Formation
Research will continue on unconventional
migration assisted trapping (MAT) and
vertical migration assisted trapping (VMAT)
for CO2 in the Lesueur Sandstone Formation

19

Department of Mines and Petroleum WA 2016, Geological Survey of Western Australia (GSWA),
http://www.dmp.wa.gov.au/Geological-Survey/Geological-Survey-262.aspx

20

GCCSI (Global Carbon Capture and Storage Institute) 2015, South West Hub,
http://www.globalccsinstitute.com/projects/south-west-hub
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2.4 ZeroGen, Stanwell, Queensland
The lack of a suitable storage location, the very high capital cost, and
intricate government and industry funding resulted in this project not
progressing.
Demonstrated very successful local community engagement in Queensland.
Provided first understanding of realistic costs for CCS projects.

Project type

Full range system operation trial21

Industry
Project focus
Project status
Technical Details
Storage/Utilisation
Scale, CO2 tpa
Scale, MWenet
Cost (2010)
Partners

Power Generation
Capture, Storage
Cancelled 2011
Pre-combustion combustion MHI air-blown gasifier
Onshore Saline Reservoir
2,000,000
390
AUD $6.93B
Australian Federal & Queensland Government, ACALET, Stanwell

CO2 Capture
•
•
•
•
•
•
•
•

CO2 Storage

ZeroGen would have used an MHI air-blown
gasifier
530MWegross IGCC power plant in a single
gasifier & gas turbine configuration
390MWeNet (at 65% capture)
140MWe (26%) auxiliary load
31.3% HHV thermal efficiency
85% plant availability
Proposed CO2 capture level 65% initially and 90% during the demonstration phase
Estimated amount of CO2 captured is greater
than 2 million tonnes per year (65% capture)

•
•

21

2-3 million tpa supercritical CO2 transported
by 400+ km pipeline
Storage location – not resolved:
• Base case was the closest to the
project (Northern Denison Trough)
and which was found to be not
suitable
• Alternatives were under
investigation but progress was
limited due to lack of tenements and
the eventual cancellation of the
project

University of Queensland 2012, ZeroGen IGCC with CCS: A Case History, http://www.uq.edu.au/energy/zerogen-igccwith-ccs-a-case-history
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2.5 Callide, Biloela, Queensland
Successful demonstration of retrofitted oxy-combustion
coal-fired power generation technology22.
Indicates pathway to large-scale oxy-combustion coal-fired
power generation. Communication of success of project to
wider community has been inadequate.

Project type

Prototype demonstration23

Industry
Project focus
Project status
Technical Details
Storage/Utilisation
Scale, CO2 tpa
Scale, MWenet
Cost (2008)
Partners

Power Generation
Capture (no storage)
Completed 2015
Oxy-combustion retrofit of existing coal-fired power plant
Onshore Saline Reservoir
75
30
AUD $245M Total Fully Loaded Capital
CS Energy, ACALET, Glencore, Schlumberger, J-POWER, Mitsui, IHI,
Australian and Queensland, Governments, JCoal, METI

CO2 Capture24
•

•
•
•
•

The Callide Project was an oxyfuel retrofit
of a idled facility originally commissioned in
1972
30MWegross oxy-combustion pulverised coal
power plant
CO2 capture level up to 15% (partial
capture)
75 TPD design CO2 capture capacity
Communication of success of project to
wider community has been inadequate

CO2 Storage
•
•

•
•

Potential storage sites (8) examined as part of
project
Identified sites were ultimately found not to
be suitable for various reasons, including:
• Geological
• Distance to site
• Availability within operating period
Useful information was generated and has
been reported
Lack of GHG legislation was a challenge

22

IHI Engineering Australia Pty Ltd 2016, Advanced Technology – Oxyfuel for Carbon Capture and Storage (CCS),
http://www.ihi.com.au/technology/advanced-tech-in-australia/

23
24

Callide Oxyfuel Project 2016, Callide Oxyfuel Project, http://www.callideoxyfuel.com/What/CallideOxyfuelProject.aspx

Massachusetts Institute of Technology 2016, Callide-A Oxyfuel Fact Sheet: Carbon Dioxide Capture and Storage Project,
http://sequestration.mit.edu/tools/projects/callide_a_oxyfuel.html
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2.6 CTSCo, Surat Basin, Queensland
Proposing an integrated CCS demonstration in Queensland.25
Intended demonstration of permitting an onshore reservoir
CO2 storage in Queensland using migration assisted trapping
(MAT) which includes permitting an ‘Industrially Scalable
module’ PCC plant.

Glenhaven Site near Wandoan

Project type

Pilot-scale technology demonstration

Industry
Project focus
Project status
Planned date for
operation
Technical Details
Storage/Utilisation
Scale, CO2
Cost (2014)
Partners

Power Generation
Storage, including PCC plant attached to an existing Surat Basin power
Evaluate
2021
PCC capture and geo-sequestration demonstration project

Onshore Reservoir in Surat Basin
60,000 Tonnes per annum for three years, for 180,000 Tonnes (overall)
AUD $ 43M to date
CTSCo, Glencore, ACALET, Australian Government

CO2 Capture
•

•
•

CO2 Storage

The project proposes a demonstration scale
capture of CO2 from an existing supercritical
coal-fired power plant using postcombustion capture technology
PCC plant proposal based on Huaneng’s
existing proven Shanghai PCC plant design
120,000tpa CO2 capture capacity as currently
operated by Huaneng as an ‘industrially
scalable module’

•
•
•

•
•
•
•
•

25

CTSCo 2016, CTSCo, http://www.ctsco.com.au
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The initial drilling programme confirmed
Precipice Sandstone injection site geology as
very suitable for CO2 storage
The 3D seismic survey confirmed the
continuity of the reservoir and seal across
the demonstration area
The project aims to establish a basis for
permitting of long-term capture and CO2
storage in Queensland
The project will contribute to securing the
option of a large-scale Surat Basin Carbon
Capture and Storage (CCS) project
Analysis of the target reservoir confirms a
very high level of confidence (P95) that the
geology is viable and safe for CO2 storage

2.7 Otway, Nirranda South, Victoria
Successful end to end demonstration of CO2
capture, injection and storage in a deep geological
formations with successful community engagement
for a project of international significance.26
Indicates pathway to permitting of onshore saline
reservoir CO2 storage in Australia and
internationally using unconventional MAT and
VMAT CO2 trapping.

Project type

Pilot-scale technology demonstration

Industry
Project focus
Project status
Planned date for
operation
Technical Details
Storage/Utilisation
Scale, CO2
Cost (2016)
Partners

Research
Capture and Storage
Ongoing
2008 (injection commenced)
CCS end-to-end demonstration and in-field research and development
Saline Reservoir and depleted gas fields
80,000 Tonnes (to date)
AU$100M
CO2CRC and 32 Industry, Government, and Scientific partners

CO2 Capture
•

•

Scalable, experimental, capture skid for
offshore high CO2 concentration gas
extraction purposes to commence operation
in 2016
15,000 tonnes of CO2-rich gas (80 mol% CO2)
from the Buttress production well was
injected and monitored in a saline formation

CO2 Storage
•

•
•

•

•

26

CO2CRC 2016, CO2CRC, http://www.co2crc.com.au/
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Successfully injected and closely monitored
65,000 tonnes of CO2-rich gas in a depleted
gas field
The projects successfully completed research
focused on CO2 storage in saline formations
The project features a major monitoring and
verification program detecting as little as
5,000 tonnes, and demonstrating that CO2
can be stored for 1,000 years or more
Research and monitoring will continue with
studies to develop innovative seismic
techniques to monitor CO2
Research will continue on unconventional
migration assisted trapping (MAT) and
vertical migration assisted trapping (VMAT)
for CO2

2.8 CarbonNet, Gippsland Basin, Victoria
Investigating the feasibility of commercial scale Carbon
Capture and Storage (CCS) in Gippsland.27
Providing a pathway to full chain CCS in Victoria.

Project type

Commercial

Industry
Project focus
Project status
Planned date for
operation
Technical Details

Coal to Products, Power Generation, Industry
Storage (current stage), Full Chain (next stage)
Define
2020s

Storage/Utilisation
Scale, CO2 tpa
Cost (2015)
Partners

Investigating the feasibility of establishing a commercial scale, multi-user
carbon capture and storage network in Gippsland
Offshore Saline Reservoir
1,000,000 – 5,000,000
AU$150M funding awarded to date
Australian and Victorian Governments (Victorian Department of
economic Development, Jobs, Transport and Resources, Commonwealth
Department of Industry, Innovation and Science, Global CCS Institute,
CSIRO, CO2CRC, Melbourne University Peter Cook Centre and ANLEC
R&D

CO2 Capture
•

•

Aim to provide a commercially viable CCS
hub network to support multiple CO2
sources
Completed joint work programs on capture
options with industry, feasibility designs for
a CCS network and financial modelling of the
transport and storage network on a fee for
service basis

CO2 Storage
•

•
•
•

27

The project has “undertaken a significant
amount of work to identify and evaluate its
three short-listed potential storage sites”
Secured five Greenhouse Gas Assessment
Permits in the offshore Gippsland Basin
Prepared a declaration of identified Storage
Formation for a prioritised storage site
Intend to undertake further infield appraisal
activities to enable an application for an
injection licence to be submitted to
regulators

Department of Energy and Resources Victoria, 2016, The CarbonNet Project, http://earthresources.vic.gov.au/earthresources/victorias-earth-resources/carbon-storage/about-carbon-capture-and-storage/the-carbonnet-project
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2.9 NSW CO2 Storage Assessment Program
Provides a pathway to better understanding Australia’s
storage resources.28
Prospective commercial-scale storage site has been
identified in the Darling Basin with exploration ongoing.
Has indicated that the Sydney Basin is not prospective.

Project type

Technology development in relevant environment

Industry
Project focus
Project status
Planned date for
operation
Technical Details

Research
Storage
Exploration
Unknown

Storage/Utilisation
Cost (2015)
Partners

Seismic acquisition and exploration drilling of prospective NSW
sedimentary basins
Onshore Saline Reservoir
AUD $22M to date; Future budget of AUD $20+M
NSW and Australian Governments , ACALET

CO2 Capture
•

No capture associated with this project

CO2 Storage
•

•

•

Stage 1A in the Sydney Basin was completed
in 2012, with the results indicating limited
CO2 storage prospectivity in the four sites
investigated
Stage 1B drilling activities in early 2014 in the
Darling Basin identified a prospective storage
site with a theoretical storage capacity of
550 million tonnes of CO229
A Stage 2 exploration program is now being
planned aimed at verifying and building upon
these early results

28

NSW CO2 Storage Assessment Program. Final Report on Stage 1B - Darling Basin Drilling Program. Division of Resources
& Energy, NSW Department of Trade and Investment, Regional Infrastructure and Services. December 2014.

29

Watson, M, Bunch, M, Haese, R, Michael, K, Tenthorey, E, Daniel, R, Black, J and Knight, J, 2015. Geological
Interpretation and Dynamic Modelling of Well Data from the NSW Darling Basin Drilling Program–Revision 2. Cooperative
Research Centre for Greenhouse Gas Technologies, Canberra, Australia, CO2CRC Publication Number RPT15-5384. 150pp
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3 Snapshot of International Projects
The following snapshot of an investigative study into the suite of large and small scale Carbon
Capture Utilisation and Storage (CC(U)S) and High Efficiency-Low Emissions (HELE)-related projects
internationally, particularly those applicable to large-scale power generation with CC(U)S. The
snapshot has considered projects in terms of the technical merits and the money spent/committed,
particularly recent significant funding.
The CC(U)S projects not directly related to power generation, but involving decarbonisation, have
also been included, as the technical and project learnings could be transferable to the power
sector30.
In addition to the 15 large-scale projects in operation (Operate stage) and seven due to become
operational in 2016 and 2017 (presently in the Execute stage), there are a further 11 projects in
advanced planning (Define stage). These 11 projects have a combined CO2 capture capacity of
around 15 Mtpa31.

Figure 9: Actual and expected operation dates for large-scale CCS projects in the Operate, Execute
and Define stages
Source: GCCSI (Global Carbon Capture and Storage Institute) 2016, Global Status of CCS 2015,
http://hub.globalccsinstitute.com/sites/default/files/publications/196843/global-status-ccs-2015-summary.pdf

30

Oettinger, M. 2016, Summary of Important National and International HELE and CC(U)S Demonstration-Scale and LargeScale Project Activities Last Revised – February 2016 Version 5.2

31

GCCSI (Global Carbon Capture and Storage Institute) 2016, Global Status of CCS 2015,
http://hub.globalccsinstitute.com/sites/default/files/publications/196843/global-status-ccs-2015-summary.pdf
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3.1 Power sector
3.1.1 Boundary Dam, Estevan, Saskatchewan
Demonstration of post combustion carbon capture retrofit
on refurbished coal-fired power generation with full chain
CCS at large-scale.
Integrated Carbon Capture and Sequestration
Demonstration Project from refurbished coal-fired plant
producing low emission baseload electricity.32, 33

Project type

System qualification trial

Industry
Project focus
Project status
Planned date for
operation
Technical Details
Storage/Utilisation
Scale, CO2 tpa
Scale, MWe
Cost (2015)
Partners

Power Generation
Capture, Transport, Storage
Operational
2014 (operations)
Post-combustion capture using Shell Cansolv amine technology
Enhanced Oil Recovery
1,000,000
110
CN$1.3B (CN$800M for CCS unclear)
Canadian Federal & Saskatchewan Government, Shell, Cenovus

CO2 Capture34
•

•
•
•
•
•
•

Boundary Dam is using Shell Cansolv postcombustion capture technology (SO2
capture then CO2 capture using amines)
139MWegross conventional pulverised coal
power plant
110MWeNet (at 90% capture)
29MWe (21%) auxiliary load
~26% HHV thermal efficiency
85% design plant availability (~45% first
year)
Estimated amount of CO2 captured is 1
million tonnes per year (90% capture rate)

CO2 Storage
•
•

1 million tpa supercritical CO2 transported by
66km pipeline
Storage location:
• Enhanced oil recovery in the Weyburn
Oil Field
• Some CO2 is to be used at the
Aquistore project 2 km away from
power plant

32

GCCSI (Global Carbon Capture and Storage Institute) 2015, Boundary Dam,
http://www.globalccsinstitute.com/sites/www.globalccsinstitute.com/files/content/in_focus/122958/images/Boundary%2
0Dam_infocus.jpg

33

Saskpower, 2016, Boundary Dam Carbon Capture Project, http://www.saskpowerccs.com/ccs-projects/boundary-damcarbon-capture-project/
34
Massachusetts Institute of Technology, 2016, CCS Project Database,
https://sequestration.mit.edu/tools/projects/index.html
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3.1.2 Petra Nova, Thompsons, Texas
Intended large-scale post-combustion capture
demonstration on a slip stream from a coal-fired
power plant.
Indicates integrated Carbon Capture and
Sequestration Demonstration Project applied to
conventional pulverised coal power plants for low
emission baseload electricity.35, 36

Project type

Full range system operation trial

Industry
Project focus
Project status
Planned date for
operation
Technical Details
Storage/Utilisation
Scale, CO2 tpa
Scale, MWe
Cost (2013)
Partners

Power Generation
Capture, Transport, Storage
Under construction
2016 (operations)
Post-combustion capture using MHI KS-1 amine technology
Enhanced Oil Recovery
1,400,000
250 (equivalent as slipstream)
US$1B Total Fully Load Capital Cost
US DoE, NRG, JX Nippon, MHI

CO2 Capture
•
•
•
•
•
•
•

35
36

Petra Nova is using MHI KS-1 postcombustion capture technology
610MWegross conventional pulverised coal
power plant
240MWe (90% capture from slipstream)
An external supply of heat and power for
CCS (no heat / power from host plant)
Capture unit has own utilities supply facility
85% design plant availability
Estimated amount of CO2 captured is
1.4 million tonnes per year (90% capture
rate)

CO2 Storage
•
•

1.4 million tpa supercritical CO2 transported
by 132km pipeline
Storage location:
• Enhanced oil recovery in the West
Ranch Oil Field, Jacksons County

EE News, 2014, Petra Nova, http://www.eenews.net/image_assets/2014/09/image_asset_789.jpg
NRG, 2016, Petra Nova, http://www.nrg.com/generation/projects/petra-nova/
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3.1.3 Kemper County IGCC, Kemper County, Mississippi
Largest full chain facility integrating power generation
with CO2 capture and enhanced oil recovery37.
Indicates Carbon Capture and Sequestration applied to
IGCC coal-fired power plant to produce low emission
baseload electricity38.

Project type

Full range system operation trial

Industry
Project focus
Project status
Planned date for
operation
Technical Details
Storage/Utilisation
Scale, CO2 tpa
Scale, MWe
Cost (2013)
Partners

Power Generation
Capture, Transport, Storage
Execute
2016 (operations)
Pre-combustion capture using UOP SELEXOLTM technology
Enhanced Oil Recovery
3,500,000
524
US$2.8B, now $6.4B (Oct 2015)
Mississippi Power, Southern Energy, KBR, USDoE

CO2 Capture
•

•
•
•
•
•
•

•

Kemper County IGCC is using UOP
SELEXOLTM pre-combustion capture
technology
582MWegross IGCC coal-fuelled power plant
524MWenet (at 65% capture)
58MWe (10 %) auxiliary load
~30% HHV thermal efficiency
85% design plant availability
Estimated amount of CO2 captured is
3.5 million tonnes per year (65% capture
rate)
Significant construction cost over-runs
have occurred

CO2 Storage
•
•

3.5 million tpa supercritical CO2 transported
by long (98km) pipeline
Storage location:
• Enhanced oil recovery

37

Mississippi Power, 2016, Kemper County Energy Facility, http://www.mississippipower.com/aboutenergy/plants/kemper-county-energy-facility/home.cshtml

38

WikiCommons 2016, Kemper County,
http://archive.freeenterprise.com/sites/default/files/styles/large/public/media/WikiCommons_Kemper_659px.jpg?itok=A
8c2szLd
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3.1.4 Sinopec Shengli, Dongying, Shandong
Large-scale CCS project from conventional coal-fired power
generation located in China39.
Indicates pathway for full chain CCS demonstration from
power generation on land in China.

Project type

Full range system operation trial

Industry
Project focus
Project status
Planned date for
operation
Technical Details
Storage/Utilisation
Scale, CO2 tpa

Power Generation
Capture, Transport, Storage
Define

Scale, MWe
Cost (2015)
Partners

2017 (operational)
Post-combustion capture using amine technology
Enhanced Oil Recovery
1,000,000
660MW (250MW equiv slipstream)
not yet finalised
Sinopec

CO2 Capture
•
•

•

Sinopec is proposing to use amine postcombustion capture technology
660MWeNet new build conventional
pulverised coal power plant (Unit 5 at
Shengli) retrofitted with capture
technology (250MW equivalent slipstream)
Estimated amount of CO2 captured is 1
million tonnes per year (90% capture rate)

CO2 Storage
•
•

39

1 million tpa supercritical CO2 transported by
approximately 80km pipeline over land
Storage location:
• Enhanced oil recovery in the Shengli
oil field, Yellow River delta, Dongying

Sinopec Weekly, 2016, Sinopec Shengli,
http://www.sinopecweekly.com/images/attachement/jpg/site41/20121209/90fba61bb07d122e740337.jpg
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3.1.5 GreenGen IGCC, Tianjin City, Bohai Rim
Large-scale CCS project from IGCC coal-fired power
generation located in China.
Indicates pathway for full chain CCS
demonstration from power generation on land in
China40.

Project type

Full range system operation trial

Industry
Project focus
Project status
Planned date for
operation
Technical Details
Storage/Utilisation
Scale, CO2 tpa

Power Generation
Capture, Transport, Storage
Evaluate

Scale, MWe
Cost (2015)
Partners

2020 (operational)
Post-combustion capture using amine technology
Enhanced Oil Recovery
2,000,000
400 (approximately)
not yet finalised
Capture: China Huaneng Group (52%), seven Chinese energy enterprises
(each 6%) and Peabody Energy (6%)

CO2 Capture
•
•
•

40

GreenGen IGCC is proposing to use amine
pre-combustion capture technology
400MWegross IGCC coal-fuelled power plant
Estimated amount of CO2 captured is 2
million tonnes per year

CO2 Storage
•
•

2 million tpa supercritical CO2 transported by
medium-long length (50-100km) pipeline
Storage location:
• All storage option types are under
evaluation, with enhanced oil recovery
(EOR) opportunities at the Tianjin
Dagang oil field important

CleanBiz, 2016, Sinopec Shengli, http://www.cleanbiz.asia/sites/default/files/huaneng_greengen_plant.jpg
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3.1.6 ROAD, Rotterdam, Netherlands
Proposed first large-scale CCS project from power
generation located in continental Europe.
Multiple vendors to deliver amine-based postcombustion capture for coal-fired power plants.41, 42

Project type

Full range system operation trial

Industry
Project focus
Project status
Planned date for
operation
Technical Details
Storage/Utilisation
Scale, CO2 tpa

Power Generation
Capture, Transport, Storage
Define

Scale, MWe
Cost (2012)
Partners

2017 (operational)
Post-combustion capture retrofit using Fluor EconamineTM technology
Depleted Gas Reservoir
1,100,000
250 (as slipstream)
€1.2B
E.ON. Benelux N.V., GDF-Suez and TAQA Energy B.V.

CO2 Capture
•

•

•
•

•

41
42

ROAD is proposing to use Fluor
EconamineTM post-combustion capture
technology
250 MWe slipstream from 1.07 GWegross
new conventional ultra-supercritical
pulverised coal power plant (as retrofit)
90% capture (from slipstream)
Estimated amount of CO2 captured is 1
million tonnes per year (at 90% capture
rate)
Funding gap remains for project, which has
yet to be closed.

CO2 Storage
•

•

1.1 million tpa supercritical CO2 transported
by 25km pipeline (5km onshore and 20km
offshore)
Storage location:
• TAQA Energy’s P18-4 offshore
depleted gas reservoir

Bellona, 2016, Bellona and CCS, http://bellona.org/assets/sites/6/ROAD.jpg
ROAD CCS, 2016, ROAD, http://road2020.nl/en
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3.1.7 Haifeng Power, Shanwei, Guangdong
Indicates opportunity for significant capital cost
reduction in the delivery of post-combustion capture
technology through Chinese construction and
deployment.
Planned large-scale demonstration of carbon capture,
transport and storage in deep saline reservoir in
China.43

Project type

Full range system operation trial

Industry
Project focus
Project status
Planned date for
operation
Technical Details
Storage/Utilisation
Scale, CO2 tpa

Power Generation
Capture, Transport, Storage
Identify

Scale, MWe
Cost (2015)
Partners

2018 (operational)
Post-combustion capture from new build 1GW ultra-supercritical unit
Offshore Saline Reservoir
1,000,000
1GW (250MW equiv slipstream)
not yet finalised
China Resources Power, China National Offshore Oil Corporation, UKChina (Guangdong) CCUS Centre

CO2 Capture
•
•

•

China Resources Power is proposing to use
post-combustion capture technology
1GWeNet new build conventional pulverised
coal power plant (Unit 3 at Haifeng)
retrofitted with capture technology
(250MW equivalent slipstream)
Estimated amount of CO2 captured is 1
million tonnes per year (90% capture rate)

CO2 Storage
•
•

43

1 million tpa supercritical CO2 transported by
approximately 150km pipeline over land
Storage location:
• Deep saline formation in the South
China Sea for permanent storage or
for CO2 enhanced hydrocarbon
recovery
• The project team has found two
candidate storage sites approximately
90 km and 150 km south of the project

Scottish Carbon Capture and Storage, 2016, China Resources Haifeng CCUS,
http://www.sccs.org.uk/images/news/2014/China_Resources_Power_Haifeng_CCUS_demo_Proj-1.jpg
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3.2 Gas and oil sector
3.2.1 Val Verde Gas Plants, Val Verde Basin, Texas
Since 1999 there has been safe and reliable transport and
storage of CO2 captured from five natural gas processing plants
at large-scale. 44
Commercial Carbon Capture and Transport Project from five
natural gas processing plants with 356km of pipelines over land
and Enhanced Oil Recovery storage.

Project type

Commercial scale-up

Industry
Project focus
Project status
Planned date for
operation
Technical Details
Storage/Utilisation
Scale, CO2 tpa
Cost
Partners

Natural gas processing
Capture, Transport, Storage
Operational
1999 (transport operations)
Industrial capture using UOP SELEXOLTM technology
Enhanced Oil Recovery
1,300,000
Unknown
Blue Source, Occidental, Chevron

CO2 Capture
•

•

•

44

Mitchell, Gray Ranch, Puckett, Pikes Peak
and Terrell are onshore gas processing
facilities producing natural gas from
onshore fields
UOP SELEXOLTM capture technology is
being used
• The same type of technology can be
used for coal-derived syngas
Estimated amount of CO2 captured is
1.3 million tonnes per year

CO2 Storage
•
•

1.3 million tpa supercritical CO2 transported
by long (356km) pipeline network
Storage location:
• Enhanced oil recovery at Sharon Ridge
oil field

Rigzone 2016, Map: Val Verde Basin, Texas, http://www.rigzone.com/news/image_detail.asp?img_id=1098
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3.2.2 Sleipner, North Sea, Norway
Since 1996 there has been safe and reliable offshore
storage of CO2 at large-scale.45, 46
Integrated Carbon Capture and Sequestration
Demonstration Project from natural gas processing plant
with offshore dedicated deep saline geological storage.

Project type

Full range system operation trial

Industry
Project focus
Project status
Planned date for
operation
Technical Details
Storage/Utilisation
Scale, CO2 tpa
Cost (2015)
Partners

Natural gas processing
Capture, Storage
Operational
1996 (operations)
Capture using amine technology
Offshore Saline Reservoir
900,000
US$100M
Statoil

CO2 Capture
•

•

•

45
46

Sleipner is an offshore natural gas
processing facility producing natural gas
from an offshore conventional natural gas
field
Sleipner is using amine capture technology
• Specifically natural gas processing
technology, not transferable to post
combustion capture
Estimated amount of CO2 captured is
0.9 million tonnes per year

CO2 Storage
•

•

0.9 million tpa supercritical CO2 with direct
injection (no transport necessary; gas
processing facility and injection well are both
located on offshore rig)
Storage location:
• Dedicated offshore deep saline
geological storage in Utsira Formation

Power Technology, 2016, Sleipner, http://www.power-technology.com/uploads/feature/feature1138/1-sleipner.jpg

Statoil 2014, Carbon Capture and Storage,
http://www.statoil.com/en/TechnologyInnovation/NewEnergy/Co2CaptureStorage/Pages/default.aspx
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3.2.3 Snøhvit, Barents Sea, Norway
Since 2008 large-scale CCS is operating safely and reliably
(Norway offshore). 47
Integrated Carbon Capture and Sequestration
Demonstration Project from natural gas processing plant
with offshore dedicated deep saline geological storage. 48

Project type

Full range system operation trial

Industry
Project focus
Project status
Planned date for
operation
Technical Details
Storage/Utilisation
Scale, CO2 tpa
Cost (2002)
Partners

Natural gas processing
Capture, Transport, Storage
Operational
2008 (operations)
Industrial capture using amine technology
Offshore Saline Reservoir
700,000
€150M Capital Cost estimate for pipeline, well, compressor train
Statoil, Petoro, Total, GDF Suez

CO2 Capture
•

•

•

47
48

Snøhvit is an onshore (located on Melkøya
Island) natural gas processing facility
producing LNG from an offshore
conventional gas field
Snøhvit is using amine capture technology
• Specifically natural gas processing
technology, not transferable to post
combustion capture
Estimated amount of CO2 captured is
0.7 million tonnes per year

CO2 Storage
•
•

0.7 million tpa supercritical CO2 transported
by long (153km) subsea pipeline
Storage location:
• Dedicated offshore deep saline
geological storage in the Stø
Formation

ZeroCO2.NO 2016, Snøhvit, http://www.zeroco2.no/projects/snoehvit/

Statoil 2014, Snøhvit,
http://www.statoil.com/en/TechnologyInnovation/NewEnergy/Co2CaptureStorage/Pages/Snohvit.aspx
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3.2.4 Century Plant, Pecos County, Texas
Largest full chain CC(U)S facility with up to 8.4
MTPA captured, transported and stored (used for
EOR).49, 50
Very large-scale CO2 capture, transport and (EOR)
storage is operating safely and reliably over long
distances on land in Texas.

Project type

Commercial scale-up

Industry
Project focus
Project status
Planned date for
operation
Technical Details
Storage/Utilisation
Scale, CO2 tpa
Cost (2010)
Partners

Natural gas processing
Capture, Transport, Storage
Operational
2010 (transport operations)
Capture from natural gas using UOP SELEXOLTM technology
Enhanced Oil Recovery
8,400,000
US$1.1B
Occidental Petroleum, Sandridge Energy, Kinder Morgan

CO2 Capture
•

•

49
50

Century Plant is using UOP SELEXOLTM
capture technology to remove CO2 from
natural gas
• The same type of technology is used
for pre-combustion capture
Estimated amount of CO2 captured is
8.4 million tonnes per year

CO2 Storage
•
•

8.4 million tpa supercritical CO2 transported
by ~260km long pipeline
Storage location:
• Enhanced oil recovery in the Permian
Basin in Texas (various locations)

ZeroCO2.NO, 2016, Century Plant, http://www.zeroco2.no/projects/century-plant/image_mini
ZeroCO2.NO, 2016, Projects, http://www.zeroco2.no/projects/
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3.2.5 Lula Oil Field, Atlantic Ocean, Brazil
Large-scale CO2 capture and storage is operating
safely and reliably (Brazil offshore).51

Project type

Commercial trial

Industry
Project focus
Project status
Planned date for
operation
Technical Details
Storage/Utilisation
Scale, CO2 tpa
Cost (2013)
Partners

Oil and gas
Capture, Storage
Operational
2013 (operational)
Low temperature capture using membrane technology
Enhanced Oil Recovery
700,000
US$100M
Petrobras

CO2 Capture
•

•

•

Lula Oil Field floating production, storage,
and offloading (FPSO) vessel with carbon
capture facility producing oil and gas from
an offshore conventional field
FPSO is using membrane capture
technology
• It is an ambient temperature process,
not applicable to pre-combustion
capture
Estimated amount of CO2 captured is 0.7
million tonnes per year

CO2 Storage
•

•

51

0.7 million tpa supercritical CO2 with direct
injection (no transport necessary; gas
processing facility and injection well are both
located on FPSO)
Storage location:
• Enhanced oil recovery in the Lula Oil
Field, located in Santos Basin, off the
coast of Rio de Janeiro.

PennEnergy 2016, Petrobras Lula Nordeste, http://www.pennenergy.com/content/dam/Pennenergy/onlinearticles/2013/May/Petrobras%20Lula%20Nordeste.JPG

33

3.2.6 Uthmaniyah, Eastern Province, Kingdom of Saudi Arabia
Uthmaniyah CO2-EOR Demonstration Project.52, 53

Project type

Commercial trial

Industry
Project focus
Project status
Planned date for
operation

Oil and gas
Enhanced Oil Recovery
Operational

Technical Details
Storage/Utilisation
Scale, CO2 tpa
Cost
Partners

2015
Natural gas processing, almost pure CO2 stream is dehydrated and
compressed
Enhanced Oil Recovery
800,000
Unknown
EXPEC-Advanced Research Center (Aramco Subsidiary)

CO2 Capture
•
•

40 million standard cubic feet per day of
CO2 will be captured at Hawiyah NGL plant
Estimated amount of CO2 captured is 0.8
million tonnes per year

CO2 Storage
•

•
•

0.8 million tpa supercritical CO2 to be injected
into flooded oil reservoirs under high pressure
to enhance oil recovery
Project includes 85km pipeline connecting the
NGL plant and the storage location
Storage location:
• Enhanced oil recovery at Uthmaniyah.

52

Saudi Aramco 2015, Launching the Kingdom’s first carbon capture project,
http://www.saudiaramco.com/en/home/news-media/news/capturing-carbon.html

53

GCCSI, 2016, Uthmaniyah CO2-EOR Demonstration Project, https://www.globalccsinstitute.com/projects/uthmaniyahco2-eor-demonstration-project
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3.3 Iron and steel sector
3.3.1 Abu Dhabi CC(U)S Project, Abu Dhabi, UAE
Intended demonstration of carbon capture technology at
commercial scale from direct reduced iron steel
manufacturing.54
Indicates a pathway for CCS from non-traditional steel
making using natural gas or coal.

Project type

Commercial trial

Industry
Project focus
Project status
Planned date for
operation
Technical Details
Storage/Utilisation
Scale, CO2 tpa
Cost (2013)
Partners

Iron and Steel
Capture, Transport, Storage
Under construction
2016 (operations)
CO2 capture from hydrogen plant with natural gas feed
Enhanced Oil Recovery
800,000
Unknown
Abu Dhabi Future Energy Company and ADNOC

CO2 Capture
•

•

•
•

The Emirates Steel complex includes a
direct reduced iron making process using
hydrogen produced from natural gas
The project is using pre-combustion
capture of CO2 produced in the hydrogen
unit
Estimated amount of CO2 captured is
0.8 million tonnes per year
Demonstrates that syngas with CCS could
be used for steel making
• The source of syngas could be natural
gas (methane reforming) or coal
(gasification)

CO2 Storage
•
•

54

0.8 million tpa supercritical CO2 transported
by medium (45km) pipeline
Storage location:
• Enhanced oil recovery

ConstructionWeekOnline.com, 2016, Emirates Steel Plant, http://www.constructionweekonline.com/pictures/EmiratesSteel-plant.jpg
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3.4 Industrial sector
3.4.1 Illinois Industrial CCS Project, Decatur, Illinois
Large-scale CO2 (captured from non-power
generation source) storage in onshore deep
saline reservoirs (on mainland USA).
Successfully permitted first large-scale onshore
CO2 storage in an onshore deep saline reservoir in
the United States.55

Project type

Full range system operation trial

Industry
Project focus
Project status
Planned date for
operation

Ethanol manufacture
Capture, Transport, Storage
Operational

Technical Details
Storage/Utilisation
Scale, CO2 tpa
Cost (2013)
Partners

2016 (operations)
Capture from grain fermenter vent gas using Alstom amine process (post
combustion capture)
Onshore Saline Reservoir
1,000,000
US$208 million
Archer Daniels Midland, USDoE Schlumberger Carbon Services

CO2 Capture
•
•

•
•

The Archer Daniels Midland complex
includes an ethanol fermentation process
The project is using the Alstom amine
process to capture CO2 from vent gas
produced by the fermentation process
• This is a similar process that is used
for post-combustion capture
CO2 capture from non-power generation
industry
Estimated amount of CO2 captured is 1
million tonnes per year

CO2 Storage
•
•

55

1 million tpa supercritical CO2 transported by
short (1.7km) pipeline
Storage location:
• Dedicated deep saline geological
storage in the Mount Simon sandstone
formation

GCCSI, 2014, The Global Status of CCS, 2014; Projects Map, http://www.globalccsinstitute.com/projects/large-scale-ccsprojects#map
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3.4.2 Quest, Fort Saskatchewan, Alberta
Operation of project demonstrates that large-scale CO2
storage in onshore deep saline reservoirs can occur safely (in
Canada). 56
Construction and operation of project successfully
demonstrates large-scale onshore CO2 storage in a deep saline
reservoir in Canada.

Project type

Full range system operation trial

Industry
Project focus
Project status
Planned date for
operation
Technical Details
Storage/Utilisation
Scale, CO2 tpa
Cost (2013)
Partners

Oil upgrading - refinery
Capture, Transport, Storage
Operational
4Q 2015 (transport operations)
Pre-combustion capture using amine technology
Onshore Saline Reservoir
1,100,000
CN$1.35B
Shell, Chevron, Marathon Oil, Canadian and Alberta Governments

CO2 Capture
•

•

•

The Quest complex includes a steam
methane reformer process using natural
gas and producing hydrogen
The project is using pre-combustion
capture of CO2 produced in the steam
methane reformer unit
• The same type of technology can be
used for coal-derived syngas
Estimated amount of CO2 captured is
1.1 million tonnes per year

CO2 Storage
•
•

56

1.1 million tpa supercritical CO2 transported
by 65km pipeline
Storage location:
• Dedicated deep saline geological
storage in the Cambrian Basal Sands
formation
• Possible EOR

Shell 2016, Quest Carbon Capture and Storage Project, http://www.shell.ca/en/aboutshell/our-businesstpkg/upstream/oil-sands/quest.html
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3.4.3 Great Plains Synfuel, North Dakota & Weyburn, Saskatchewan
Since 2000, safe and reliable large-scale
capture, transport across an international
border, and storage of CO2.57
Large-scale CO2 capture and transport is
operating safely and reliably on land, and
across an international border for EOR.58, 59
Project type

Commercial scale-up

Industry
Project focus
Project status
Planned date for
operation

Synthetic natural gas manufacture
Capture, Transport, Storage
2000 (transport operation)

Technical Details
Storage/Utilisation
Scale, CO2 tpa
Cost (2013)
Partners

4Q 2015 (transport operations)
Pre-combustion capture from coal gasification using RectisolTM
technology
Enhanced Oil Recovery
3,000,000
US$1.1B (capture) & US$100M (pipeline)
Dakota Gasification Company, Cenovus Energy, Apache

CO2 Capture
•

•

The Great Plains Synfuel Plant is using
RectisolTM pre-combustion capture
technology to remove CO2 from a coal
gasifier syngas product stream
• Learnings could be directly
transferred to power generation, as it
is also applied to coal-derived syngas
Estimated amount of CO2 captured is
3 million tonnes per year

CO2 Storage
•

•

3 million tpa supercritical CO2 transported by
long (~320km) pipeline across the North
Dakota / Saskatchewan international border
Storage location:
• Enhanced oil recovery in the Weyburn
and Midale Oil Fields in Saskatchewan

57

Dakota Gasification Company 2016, Gasification,
http://www.dakotagas.com/Miscellaneous/img/Impact_Images/GPSP750w.jpg
58
Dakota Gasification Company 2016, CO2 Capture and Storage, http://www.dakotagas.com/CO2_Capture_and_Storage/
59

Petroleum Technology Research Centre 2016, Weyburn-Midale, http://ptrc.ca/projects/weyburn-midale
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3.4.4 Coffeyville Gasification, Kansas / Oklahoma
Large-scale CO2 capture, and transport over long
distances on land and across a state border are
operating safely and reliably.60
Large-scale CO2 capture and transport is operating
safely and reliably on land (between Kansas and
Oklahoma) for EOR.

Project type

Commercial trial

Industry
Project focus
Project status
Planned date for
operation

Fertiliser (from coal)
Capture, Transport, Storage
Operational

Technical Details
Storage/Utilisation
Scale, CO2 tpa
Cost (2013)
Partners

2013 (transport operations)
Pre-combustion capture from coal gasification using UOP SELEXOLTM
technology
Enhanced Oil Recovery
1,000,000
unknown
CVR Energy, Chaparral Energy, Blue Source

CO2 Capture
•

•

Coffeyville Gasification Plant is using UOP
SELEXOLTM pre-combustion capture
technology to remove CO2 from a coal
gasifier at an ammonia nitrogen fertiliser
plant
• Learnings could be directly
transferred to power generation, as it
is also applied to coal-derived syngas
Estimated amount of CO2 captured is
1 million tonnes per year

CO2 Storage
•

•

60

1 million tpa supercritical CO2 transported by
~110km long pipeline across the Kansas /
Oklahoma state border
Storage location:
• Enhanced oil recovery in the North
Burbank Unit in Osage County,
Oklahoma

NETL (National Energy Technology Laboratory) 2016, Commercial Examples; Coffeyville Resources Nitrogen Fertilizers
Plant, https://lh4.googleusercontent.com/X7RoZ_ipHtkw2m9a3Kjv71Vl3lj7KkSN0uZqMpj-AI7E9tg20xLmih7E2ZoN4r9ORN5umqWzhS7My8-waoFcLFM4gSfQ3SKJf6SsGRuChuDzT86e-duIo9z6gEMy4cyFg
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3.4.5 Air Products, Port Arthur, Texas
Large-scale CO2 capture and transport is operating
safely and reliably over long distances on land (in
Texas).61
1 MTPA scale CO2 capture using retrofitted vacuum
swing adsorption technology in a full chain CC(U)S
project in Texas.

Project type

Commercial trial

Industry
Project focus
Project status
Planned date for
operation
Technical Details
Storage/Utilisation
Scale, CO2 tpa
Cost (2013)
Partners

Oil refining
Capture, Transport, Storage
Operational
2013 (transport operations)62
Vacuum swing adsorption (90% capture) technology
Enhanced Oil Recovery
1,000,000
US$431M
Air Products, Denbury, Valero, University of Texas, US DoE

CO2 Capture
•

•

•

The Port Arthur complex includes a steam
methane reformer process using natural
gas and producing hydrogen
The project is using retrofitted vacuum
swing adsorption capture plant for
capturing CO2 produced in the steam
methane reformer unit
• The same technology could be used
for pre-combustion capture
Estimated amount of CO2 captured is
1 million tonnes per year

CO2 Storage
•
•

1.0 million tpa supercritical CO2 transported
by long (158km) pipeline
Storage location:
• Enhanced oil recovery in the West
Hastings and Oyster Bayou Oil Fields,
Texas

61

NETL (National Energy Technology Laboratory) 2015, Recovery Act: Demonstration of CO2 Capture and Sequestration for
Steam Methane Reforming Process Gas Used for Large-Scale Hydrogen Production,
http://www.netl.doe.gov/research/coal/project-information/proj?k=FE0002381

62

Air Products 2013, Air Products Celebrates Texas Carbon Capture Demonstration Project Achievement,
http://www.airproducts.com/company/news-center/2013/05/0510-air-products-celebrates-texas-carbon-capturedemonstration-project-achievement.aspx
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3.4.6 Texas Clean Energy Project, Penwell, Texas
Planned large-scale CCS project from poly-generation
facility located in Texas.63
Demonstration of CCS from IGCC / poly-generation at
large-scale with CO2 used for EOR.64

Project type

Commercial trial

Industry
Project focus
Project status
Planned date for
operation
Technical Details
Storage/Utilisation
Scale, CO2 tpa

Power Generation, Fertiliser
Capture, Transport, Storage
Define (scheduled financial closing 2016)

Scale, MWeNet

245 (equivalent

Cost (2014)

US$1.727B
Summit Power, Siemens, Linde, R.W. Beck, Blue Source, US DoE and
Texas Bureau of Economic Geology

Partners

2019 (operations)
Pre-combustion capture from coal gasification using RectisolTM
Enhanced Oil Recovery
1,700,000

CO2 Capture
•

The Texas Clean Energy Project is
proposing to use Linde RectisolTM precombustion capture technology to remove
CO2 from a coal gasifier at a polygeneration
plant (urea fertiliser plant, power
generation)

•

Estimated amount of CO2 captured is
2.2 million tonnes per year (0.5 million
tonnes per year will be used in urea
manufacture)

CO2 Storage
•

1.7 million tpa supercritical CO2 transported
by 1.6km pipeline to interconnect with Kinder
Morgan Central Basin CO2 pipeline (CO2 would
be comingled in the pipeline with CO2 from
other sources)

•

Storage location:
•

Enhanced oil recovery in the Permian
Basin in Texas

63

Power Technology 2016, Texas Clean Energy Project, http://www.power-technology.com/projects/texas-clean-energyproject/texas-clean-energy-project2.html

64

Texas Clean Energy Project 2016, Texas Clean Energy Project, http://www.texascleanenergyproject.com/
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3.4.7 Tomakomai CCS Demonstration Project, Southern Hokkaido, Japan
Demonstration of CCS from a hydrogen production unit at large-scale
with CO2 to be stored in a deep saline aquifer.65

Project type

Commercial trial

Industry
Project focus
Project status
Planned date for
operation

Oil Refining / Hydrogen Production
Capture & Storage
Construction

Technical Details
Storage/Utilisation
Scale, CO2 tpa
Cost
Partners

2017
Amine scrubbing of hydrogen off-gas stream.
CO2 to be stored in two offshore sites.
Saline Aquifer
100,000
Unknown
The Government of Japan - Ministry of Economy, Trade and Industry
(METI). Execution of the project is to be undertaken by Japan CCS Co.,
Ltd. (comprising 35 companies)

CO2 Capture
•

The Project will use absorption via an
amine chemical solvent-based process

•

Estimated amount of CO2 captured is
100,000 tonnes per year

CO2 Storage
•

Dedicated geological storage – deep saline
aquifers. Two separate near shore reservoirs
have been identified as storage sites.

•

Storage location:
• Sandstone layer of the Moebetsu
Formation at a depth of 1,000-1,200
metres below the seabed, and T1
Member of the Takinoue Formation at a
depth of 2,400-3,000 metres below the
seabed.
•

65
66

While the well heads for both injection
wells are located onshore, the injection
point for the Moebetsu Formation is
located 2.9 km offshore and the injection
point for the Takinoue Formation is
located 4.1 km offshore.66

Japan CCS Co Ltd, Tomakomai CCS Demonstration Project, http://www.japanccs.com
GCCSI, https://www.globalccsinstitute.com/projects/pilot-and-demonstration-projects
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4 Low Emission Fossil Fuel Research and Development
4.1 Technology and commercial readiness
The technology readiness level (TRL) index is a globally accepted benchmarking tool for tracking
progress and supporting development of a specific technology through the early stages of the
innovation chain. Once a technology has progressed to demonstration and deployment a set of
separate factors are introduced to assist in the determination of the commercial readiness of a
technology or project. Commercial readiness is sometimes described as a pathway to
commercialisation.
Commercial readiness index (CRI) provides a rigorous structure for evaluating where one or more
industry sectors are facing barriers, and enables us to structure our funding support to best reduce
risks and barriers at the various stages of the pathway to commercialisation.

Figure 10: Technical and commercial readiness level indication scale
Source: ARENA (Australian Renewable Energy Agency) 2014, Commercial Readiness Index for Renewable Energy Sectors,
Commonwealth of Australia

4.2 Australian low emissions fossil fuel stocktake
The high level assessment of the fossil fuel low emissions technologies in Australia are presented in
Table 3.
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