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PROJECT BACKGROUND

Project objectives
Pöyry and Element Energy have been engaged by the Committee On Climate Change (CCC) to 
provide research to develop approaches to cost-reduction for CCS.
The project commenced in November 2014 with the overarching aim to:
– “identify the key elements of a cost-reduction strategy for CCS to balance effectiveness in cost reduction with 

minimised cost to consumers. Particularly, the project aims to identify scenarios for UK deployment of CCS 
consistent with cost reduction to £100/MWh in the 2020s, given appropriate supporting actions.”

This includes the following subsidiary questions:
1. Under what future scenarios for CCS development/roll-out are cost reductions achieved?
2. By what mechanisms does the cost reduction occur, and what are the ‘characteristics’ of these 

mechanisms?
3. What is the minimum deployment level needed to achieve the cost reductions (and what are the 

advantages of higher deployment levels)? 
4. Do we need to bring the costs down in the UK – why don’t we wait for the other countries?
5. What are the primary actions required (or desirable) to deliver these cost reductions?  

This Report
This report summarises the key work processes and results  of the project undertaken by Pöyry and 
Element Energy on behalf of the CCC.  It forms a background to, and should be read in conjunction 
with, the summary word report.
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PROJECT METHODOLOGY – OVERVIEW

Process Key aspects

Literature review to 
identify mechanisms 

for cost reduction

ETI CCS sector 
development 

scenarios

Cost reduction 
modelling

Policy Instruments 
Gap Analysis

• Three important areas that drive CCS costs are identified through a review of recent 
CCS publications and current international developments:

– Cost reduction mechanisms
– Scenario characteristics or assumptions 
– Cost uncertainty

• Three realistic CCS scenarios at scale by 2030 storing ca. 50 MtCO2 per annum with 
~10 GW of power CCS and contribution from industrial sources, which represents 
credible point on achievement of 2050 deployment goals based on ETI’s energy 
system modelling 

• Scenarios are used to reveal and illustrate the impact of cost reduction mechanisms

• Establishing a baseline
• Assessing cost reduction mechanisms in our CCS scenarios
• Examining minimum deployment level needed to achieve the cost reductions
• Understanding the key drivers (i.e. global learning, innovation, UK CCS roll-out)
• Consideration of cost uncertainties

• Prioritise main concerns to CCS development from literature review, project work 
and from the stakeholder workshop

• Identify primary actions required and where public role is to deliver these cost 
reductions
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LITERATURE REVIEW: INTRODUCTION
List of literature review references for cost reduction opportunities in CCS

UK CCS Cost Reduction Task Force Final Report, 2013 
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/201021/CCS_Cost_Reduction_Taskforce_-_Final_Report_-_May_2013.pdf

Element Energy and Pöyry for the ETI, CCS sector development scenarios [work in progress]

Parsons Brinckerhoff, Electricity generation cost model – update of non-renewable technologies, 2013 
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/223634/2013_Update_of_Non-Renewable_Technologies_FINAL.pdf

Element Energy et al. for DECC and BIS, Demonstrating CO2 capture in the UK cement, chemicals, iron and steel and oil 
refining sectors by 2025: A techno-economic study, 2014 
https://www.gov.uk/government/publications/co2-capture-in-the-uk-cement-chemicals-iron-steel-and-oil-refining-sectors

Pöyry for the CCC, Technology supply curves for low-carbon power generation, 2013 
http://www.theccc.org.uk/wp-content/uploads/2013/05/325_Technology-supply-curves-v5.pdf

J.Gibbins and H.Chalmers, Preparing for global  rollout, Energy Policy, 36, (2008), 501 – 507 

Technology Innovation Needs Assessment (TINA) for CCS, 2012 
http://www.carbontrust.com/media/168543/tina-ccs-carbon-capture-storage-summary-report.pdf

GCCSI, The global status of CCS, 2014 
http://decarboni.se/sites/default/files/publications/180923/global-status-ccs-2014.pdf

IEA, Technology roadmap carbon capture and storage, 2013 
http://www.iea.org/publications/freepublications/publication/TechnologyRoadmapCarbonCaptureandStorage.pdf

Congressional Budget Office (CBO), Federal efforts to reduce the cost of CCS, 2012      
http://www.cbo.gov/sites/default/files/43357-06-28CarbonCapture.pdf

SOCGEN, Financing large scale integrated CCS demo projects,  2014 
http://decarboni.se/sites/default/files/publications/157868/targeted-report-financing-large-scale-integrated-ccs-demonstration-projects.pdf

Other literature review references
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LITERATURE REVIEW: INTRODUCTION

The literature review identified three important areas, which drive CCS costs

1. Scenario characteristics or assumptions that have an impact on ‘cost reduction mechanisms’
– CCS technology/fuel choices 
– Scale of deployment
– Location of deployment
– Timing of deployment
– T&S business model

2. Cost reduction mechanisms
– Technology learning (i.e. ZOAK, FOAK and NOAK)
– Economies of scale in transport and storage
– De-risking (i.e. financing/ hurdle rate benefit)
– Enhanced oil recovery
– Global learning by doing

3. Uncertainty over cost reduction due to cost, technology performance, hurdle rate and lifetime 
uncertainties

All of these will be considered as part of the work as they lead to different cost levels for future 
CCS. The following slides explain these areas in more detail.
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LITERATURE REVIEW: SCENARIO CHARACTERISTICS

A mixture of scenario approaches and single pathways have been used by different 
organisations to determine the potential costs and cost reduction paths for CCS

• Cost Reduction Task Force – exploring cost reductions via a single levelised cost of electricity path. 

• ETI Study (work in progress) – included different CCS rollout scenarios to 2030, particularly looking at CCS capacity by 
region and technology, and scenario related cost reductions

• Parsons Brinckerhoff – Inputs (e.g. capital costs etc) for single pathway (FOAK to NOAK) presented for each technology 

• DECC industrial CCS – three technology deployment scenarios to 2025 are included. Economies of scale and deployment
of ‘2nd generation capture technologies’ (depending on the technology deployment scenarios) are the core cost reduction 
mechanisms explored – these are consistent with the CRTF assumptions

• Gibbins and Chalmers – presents a conceptual model for rapid demonstration and deployment of CCS. This consists of 
two tranches of learning (these are shown in the next slide).

• CCC Supply curves – explores a CCS deployment timeline to 2030 based on gas and coal technologies and looks at 
factors which affect this timeline

• Carbon Trust, TINA – looks at CCS with power generation under three different scenarios: low, medium and high. The 
level of UK-wide CCS deployment under each scenario is shown for 2020 (1.5 – 5 GW) and for 2050 (11 – 60 GW)

Scenario characteristics that have an 
impact on cost reduction CRTF ETI CCS 

scenarios
PB cost 
update

DECC 
industrial 

CCS

CCC supply 
curves

Gibbins
and

Chalmers

Carbon 
Trust -
TINA

Scale of deployment
Location of deployment
Timing of deployment
CCS technology/fuel choice
T&S business models
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LITERATURE REVIEW: SCENARIO CHARACTERISTICS (2)
Scale, location and timing of CCS deployment, and fuel/technology choice are identified 
as important scenario characteristics that have a significant impact on cost reduction

Cost reduction by ‘learning cycles’ (i.e. ZoAK to NoAK) 
depends on timing of CCS deployment by technology**

T&S and EOR related cost reduction depends on the 
scale and location of CCS deployment *

“EOR” scenario “Concentrated” 
scenario

*Element Energy and Poyry for the ETI, CCS sector development scenarios (work in progress)
**Preparing for global  rollout, J.Gibbins, H.Chalmers, Energy Policy, 36, (2008), 501 – 507 
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LITERATURE REVIEW: COST REDUCTION MECHANISMS
The core cost reduction mechanisms have been identified through the literature review

Core 
Mechanism* Sub mechanism CRTF ETI CCS 

scenarios
PB cost 
update

DECC 
industrial 

CCS

CCC 
supply 
curves

Gibbins
and

Chalmers

Carbon 
Trust –
TINA**

T&S economies 
of scale

Investing in large CO2 storage clusters

Investing in shared pipelines
Reuse of existing oil and gas infrastructure (where 
possible)

Power/capture 
plant cost 
reduction 
through
technology 
learning
(ZOAK - FOAK -
NOAK)

Capture economies of scale
Performance improvements (e.g. efficiency, availability 
and CO2 capture rate improvements) through better 
integration of capture unit into generation plant and 
reduced developer/design contingency
Capture plant capex and opex reduction through better 
design, technology improvements including next 
generation capture technologies and improvements in 
materials of construction
Cost reductions through a developed supply chain

Reducing 
risk/WACC

De-risking the CCS chain through business models, 
bankable project contracts, ‘proving’ of storage sites, and 
demonstration of capture technologies
Providing fit for purpose funding mechanisms including 
CfD and separate funding mechanisms for T&S 
Risk minimisation through improved MMV and M&R

Greater involvement from financial and insurance sectors

Enhanced Oil Recovery
Global learning by doing

*It should be noted that the value of flexibility and wider energy system benefits such as hydrogen production, decarbonisation of industry and impacts on overall 
energy bill are not included in the analysis; **TINA CCS report also identifies long-term cost reduction mechanisms (i.e. post 2030) including CO2 storage cost 
reduction through improved injectivity and reduction in T&S component costs
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COST REDUCTION DESCRIPTION: TRANSPORT AND STORAGE

T&S economies of scale will deliver cost reductions for CCS in the UK

Investing in 
shared 
pipelines

Investing in 
large CO2
storage 
clusters

Reuse of 
existing oil and 
gas 
infrastructure 
(where 
possible)

The unit cost of transporting CO2 has the potential to decrease significantly at 
higher volumes because the costs of constructing and installing pipelines grow at 
a much slower rate than volumes they can transport.
Projects sharing pipelines will have lower up front capital costs due to the 
reduced spending required to lay down pipeline infrastructure

Significant storage cost reductions will achieved through scale as multiple large 
generation plants supplying CO2 to a hub will allow the storage development 
costs to be shared across larger volumes of CO2 stored. Other network benefits 
also arise from reduced overall contingency requirements and increased 
flexibility and availability.

Existing oil and gas projects have access to infrastructure which shares a large 
degree of similarity with infrastructure required by the CCS industry (e.g. 
pipelines) 
Reusing oil and gas infrastructure can drive reductions in the upfront capital 
expenditure required for CCS projects as costly new infrastructure is not 
required to be built
This cost reduction however is more project specific and can only be applied to 
future projects where oil and gas infrastructure exists
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COST REDUCTION DESCRIPTION: POWER/CAPTURE PLANT

Power/capture plant cost reduction through technology learning

Capture plant 
Capex and 
Opex
reductions

Performance 
improvements

Cost reductions 
through a 
developed 
supply chain

Capture plant scale up will lead to economies of scale benefits from purchase of 
larger/multiple plant components and reduced contingency costs
Through time, better plant designs, technology improvements and improvements 
in materials for construction will reduce both capital and operating costs

Efficiency, availability and CO2 capture rates are examples of performance 
metrics which are expected to improve through learning from doing. 
Additionally improvements through better integration of capture unit into 
generation plant and reduced developer/design contingency
All these technical parameters heavily influence the final levelised cost of 
capturing and storing carbon as technically superior plants are able to store 
more carbon while still having have comparable upfront capital costs to early 
plant designs.

A developed supply chain will be one where the supply of all equipment and 
related raw materials is possible within reasonable timescales; there is 
competition between equipment suppliers (which drives efficiency, innovation 
and ultimately lower costs); and standardisation and significant volume of 
orders allows expansion by manufacturers towards a minimum efficient scale of 
production
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COST REDUCTION DESCRIPTION: REDUCING RISK/WEIGHT 
AVERAGE COST OF CAPITAL
Improving confidence and greater involvement from financial and insurance 
industries will deliver cost reductions for CCS

Fit for purpose 
funding 
mechanisms

De-risking the 
CCS chain 
through 
business 
models

Greater 
involvement 
from financial 
and insurance 
sectors

Developing the coal and gas CfD structures, and other relevant EMR and 
funding instruments including potential separate structures for various chain 
elements.  Ensuring their suitability for widespread use in coal and gas CCS 
projects will reduce risks/costs.

This includes: creating bankable project contracts; ‘proving’ of storage sites, and 
demonstration of capture technologies
Creating bankable projects will increase confidence in the CCS industry and 
reduce the cost of capital through reducing uncertainty and the associated 
financial risks

If the perceived risks associated with CCS change positively this can increase 
competition for providing project finance and therefore work to reduce the 
overall project costs as the industry matures. For this to happen greater 
involvement from the financial and insurance sectors is required as liabilities 
are defined and appropriately assigned.
As the industry develops, clear boundaries must be drawn around liabilities 
with the insurance industry providing specific CCS products where appropriate. 
This should allow more efficient financing of projects to develop. 
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OTHER COST REDUCTION MECHANISMS

A number of other cost reduction mechanisms are expected to play a role in 
reducing the strike price for future CCS projects

Enhanced Oil 
Recovery

Risk 
minimisation 
through 
improved MMV 
and M&R

Enhanced oil recovery CCS projects provide additional revenue streams through 
increasing outputs of existing oil wells.  To the extent this value flows back to 
CCS projects (and not say to the oil company or to treasury) it can reduce the 
overall cost of projects.

Innovation in measuring, monitoring & verification (MMV) and mitigation & 
remediation (M&R) can ensure the security of sequestered CO2, reducing the 
financing costs of CCS, as well as enabling its overall availability as an 
abatement option
Development and acceptance of new reliable but low cost MMV techniques 
should allow some cost reduction over time.
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LITERATURE REVIEW: UNCERTAINTIES

Some of the studies reviewed used a range of costs to account for the cost uncertainties 
associated with CCS 

Cost Reduction Task Force – cost, performance (i.e. plant efficiency, energy penalty, capture efficiency), WACC,  
and lifetime uncertainties for multiple capture technologies are included in Annex A of the final report. No final cost 
uncertainties were presented for each cost reduction pathway
ETI Study – impact of cost uncertainties were not examined as part of the analysis for cost reductions
Parsons Brinckerhoff – cost uncertainties for pre licensing, technical and design, regulatory, licensing, public enquiry 
and infrastructure, performance uncertainties and lifetime uncertainties were included in the Annex
DECC industrial CCS – technology capex and opex, energy and carbon prices, fuel prices, capture performance and 
discount rates were sensitivity tested as part of the analysis included in the final report
Imperial College – cost uncertainties were not explored in the analysis
CCC Supply curves – reviews the evidence base across all CCS literature and presents a range of technology capital 
costs. Study also includes a sensitivity analysis including the cost, fuel price, discount rate and CfD lifetime 
uncertainties.
Carbon Trust, TINA – uncertainties are discussed in the report; however, are not presented

Uncertainties considered CRTF ETI CCS 
scenarios

PB cost 
update

DECC 
industrial 

CCS

CCC 
supply 
curves

Gibbins
and

Chalmers

Carbon 
Trust -
TINA

Cost uncertainty
Performance uncertainty
Lifetime uncertainty
Hurdle rate (WACC) uncertainty
Fuel and energy price uncertainty



COPYRIGHT©PÖYRY
APRIL 2015

CCS COST REDUCTION MECHANISMS: FINAL REPORT 17

PROPOSED METHODOLOGY

Project methodology designed to cover all important areas of CCS cost reduction

CRTF ETI CCS 
scenarios

PB cost 
update

DECC 
industrial 

CCS

CCC 
supply 
curves

Gibbins
and

Chalmers

Carbon 
Trust –
TINA**

Proposed
approach

Scenario 
characteristics
(assumptions)

Scale of deployment
Location of deployment
Timing of deployment
CCS technology/fuel choice
T&S business models

Cost reduction 
mechanisms

T&S economies of scale
Power/capture plant cost 
reduction through
technology learning
(ZOAK - FOAK - NOAK)
Reducing risk/WACC
Enhanced Oil Recovery
Global learning by doing

Uncertainties

Cost uncertainty
Performance uncertainty
Lifetime uncertainty
Hurdle rate (WACC) 
uncertainty
Fuel and energy price 
uncertainty
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OVERALL CASE FOR CCS: STARTING POINT FOR ETI STUDY

ETI Scenarios, developed by Pöyry and Element have been used as a starting point 
for quantifying cost reduction opportunities in this work

The ETI’s analysis of the UK energy system points to the central importance of CCS in enabling the 
UK to meet its carbon budgets efficiently.  ETI’s energy system modelling is based on robust 
engineering analysis and cost evidence and suggests that without CCS, the cost of reaching UK 
Climate Change targets will double from a minimum of around £30bn per year in 2050. Apart from its 
role in power generation, CCS enables flexible low carbon energy by capturing industrial emissions, 
through gasification applications and by delivering negative emissions in combination with bio-
energy. 
Enabling CCS to realise its potential and play this key role will require substantial investment in the 
sector over the period to 2030.  ESME scenarios suggest that a cost-optimal 2050 energy system 
would require building a sector storing ca. 100 million tonnes of CO2 per annum by 2050. To reach 
this target requires that the CCS sector and associated infrastructure be extensively developed by 
2030, storing ca. 50 million tonnes of CO2 with ~10 GW of power CCS and contribution from 
industrial sources. ESME analysis suggests that delaying development of this capacity beyond 2030 
would expose the UK to substantial cost and deployment risks in meeting carbon budgets.
The scenarios developed for the ETI study therefore all focus on high deployment levels of 
~10GW by 2030.  The scenarios examine the feasibility and practical issues surrounding such 
a roll-out, and test the different pathways by which such a roll-out may occur.  
While we focus in both this and the ETI work on the levelised cost of energy as a key metric, it should 
be recognised that CCS provides additional value and extra optionality, such as decarbonising 
industrial emissions. 
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RECAP OF ETI CCS SECTOR DEVELOPMENT SCENARIOS

Source: Element Energy and Poyry for the ETI, CCS sector development scenarios (work in progress)

Three scenarios examined for 
CCS development in GB 
spanning a variety of outcomes 
but all with significant roll-out 
(~10GW by 2030)

All achieve significant cost 
reductions through a variety of 
mechanisms with CCS costs 
>£100/MWh by 2030 for some 
CCS technologies

Scale of cost reductions vary by 
technology and scenario (as well 
as implied policy choices)
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RECAP OF ETI CCS SECTOR DEVELOPMENT SCENARIOS
Comparison of the scenarios: Transport and storage network development

Source: Element Energy and Poyry for the ETI, CCS sector development scenarios (work in progress)
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RECAP OF ETI CCS SECTOR DEVELOPMENT SCENARIOS
Comparison of the scenarios: CfD strike prices

Balanced scenario EOR scenario

Concentrated scenario Two fuel types and scenarios show the greatest 
cost reductions – these are:
– Gas CCS in the Concentrates scenario; and
– Coal CCS in the EoR scenario

These technologies are used as the focus of the 
cost reduction analysis as both reach the pre-
requisite level <£100/MWh by 2030
– Other technologies and scenarios also show cost 

reductions but to a lesser extent: Useful as 
comparators

Source: Element Energy and Poyry for the ETI, CCS sector development scenarios (work in progress)
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COST OF CCS TODAY VS. COST OF CCS IN THE FUTURE

1. Choices that are available at a given point in time that lead to different baseline costs
– CCS technology/fuel choices 
– Site selection /project location
– Business/charging model - particularly relevant for large transport and storage network

2. Cost reduction mechanisms that occur over time, largely driven by scenario 
characteristics – i.e. choices available in the future not realistically available today

– Technology learning (Generational [i.e. learning by doing & research] - can occur in generation, 
capture, transport and storage)

– Accessing economies of scale in transport and storage
– De-risking (i.e. financing/ hurdle rate benefit)
– Access to EoR as technology is developed and fields become available 

3. Uncertainty over the cost of things (even after we know what those things are)
– This uncertainty in itself makes it more difficult to take optimal decisions
– Implies that we should look to decrease this uncertainty and keep options open where possible 

such that we are not constrained to a higher cost path

Establishing a 
baseline

Assessing cost 
reduction 

mechanisms

Understanding 
cost uncertainty

Study looks at cost reduction but needs to consider this more broadly – there are 
three areas which will drive CCS (and other technology) costs

All areas should be considered for policy recommendations as they lead to different cost levels for future CCS.  
However, not all should be classed as cost reduction or ‘learning-by-doing’ in the typical sense of the phrase:
– E.g. As different technologies are tested, some will likely see lower cost than others with cheaper technologies more likely to be 

installed in the next round of plants.  This is an important discovery process although not necessarily a GB led roll-out issue.
– EOR may lead to lower cost CCS and will only be available if we take certain choices.  However, it’s availability is not necessarily 

roll-out led but more a location or network choice issue.  
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CCS support 
regime / CfD

structure

Site 
selection 
/project 
location

Max. first 
generation 

cost

Technology and 
fuel choice
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DRIVERS OF CCS COSTS – ESTABLISHING A BASELINE
Series of choices lead to different costs for the ‘first generation’ of CCS plants, 
even before cost uncertainty and cost reductions are taken into account

Coal CCS 
with small 

pipe

Gas CCS 
with small 

pipe

Big pipes, either 
underutilised or 

without cost 
sharing

Big pipes well 
utilised with shared 

costs

Min. First 
generation 

cost

Choice 1 Choice 4

Different studies 
take a variety of 

approaches 
leading to a range 
of baseline costs. 

To understand the 
cost reductions 
you first need to 
establish a good 

baseline.

Choice 3

Dictates storage 
options, 

transport length, 
EOR options 

etc.
Could move 

costs higher or 
lower.

Choice 2

Longer CfD offer 
(or index to fuel) 

would reduce 
‘cost’
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DRIVERS OF CCS COSTS – ESTABLISHING A BASELINE

Important to establish technology being examined – vary by technology even within 
a study as CCS is really more a collection of technological approaches

Breakdown of costs for a typical ‘first-generation’ CCS project 

Approach used similar to original CRTF work: Transporting and storing CO2 using a pipe and storage site sufficient only to cover the needs 
of that particular project (no oversizing of infrastructure and no sharing of costs), Project stores CO2 in the SNS (mid-cost storage site) and 
requires a ~150km onshore pipe, 15 year CfD, 80% utilisation, 90% capture, 300 MW coal / 340 MW gas capacity, discount rates of 10% for 
onshore transport, 12% for capture plant and offshore transport, 15% for storage, No EOR is assumed, Fuel prices are DECC Central 
September 2014, Project takes FID in 2015 and as such is a zeroth-of-a-kind (ZOAK) project [costs in line with CRTF 2013 FID] 

To start the process we used same 
basic technical assumptions as 
original CRTF work (with updated 
fuel prices and offshore costs)
– comparable to a scenario where 

only a few small unconnected 
plants are built

Baseline costs for archetypal CCS 
projects, real 2014 money:
– Post Comb Gas: ~£140/MWh
– Oxy Comb Coal: ~165/MWh

We then compare these clean 
baseline projections with the 
first generation of projects in our 
ETI scenarios
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Baseline vs ZOAK for Gas CCS projects Baseline vs ZOAK for Coal CCS projects

DRIVERS OF CCS COSTS – ESTABLISHING A BASELINE

Comparison of baseline archetypes to modelled ZOAK plant in ETI study – show the 
impact of ‘choices’ on the cost of the first plants in GB
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AN ALTERNATIVE BASELINE WITH ‘OVERSIZED’ PIPES

To further illustrate impact of choices, below we compare our chosen ‘Baseline’ 
using stand-alone pipes/ generic stores to an alternative ‘Baseline plus’ using 
oversized pipes and a choice of stores (i.e. with ‘choices’ more akin to current 
Competition Projects*)

‘Baseline’ vs ‘Baseline plus’  for Gas CCS projects ‘Baseline’ vs ‘Baseline plus’  for Coal CCS projects

*Incorporating the full cost of larger infrastructure into the baseline leads to higher starting costs but would, in turn, lead to much greater ‘available’ 
cost reduction from savings in T&S (since costs for later FOAK and NOAK projects would be largely unchanged – see section 4.2). 
There are other reasons why the costs of the initial plants may differ from baseline estimates here, most notably differing engineering cost 
estimates or return requirements on various CCS chain elements.  This high level of uncertainty (see section 4.3), is part of the overall picture of 
CCS at present due to the early nature of the industry – as projects are delivered and cost discovery occurs we expect such uncertainty to diminish.

+£16/MWh +£16/MWh
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CCS COST REDUCTION MECHANISMS

Once a baseline is established, cost reductions can then be examined – these rely 
on a series of mechanisms
1. Technological learning – moving from 1st generation plants to 2nd

and 3rd generations plants in each CCS technology involving:
– Scale up of units and supply chain development
– Improvements in plant efficiency and lowering of per unit costs: Both 

through learning by doing & R&D innovation
– Shown as improvements in the capture side 
– Savings in pipe costs and storage/MMV costs are also able to bring cost advantages 

– charging regime of pipes and stores dictates to which plants these savings accrue

2. Transport and storage economies of scale
– Large pipes and large stores will be cheaper per tonne of CO2

– The cost charging methodology dictates how these appear in the different projects, 
but at the end of the day the costs need to be paid

3. Improved financeability in the CCS chain
– De-risking of the investment in incremental CCS capacity, partly through 

confidence building in the CfD funding instrument
– De-risking of investment in incremental transport and storage networks –

again  

4. Increasing value from Enhanced Oil Recovery
– Required benefits from EOR outweigh the costs to see a positive cost driver
– However, in addition do we need those benefits to accrue to the CCS sector 

rather than, say, the treasury to count the benefit?

Each of these cost drivers is 
examined in our scenarios 

alongside different technology 
mixes:

Balanced Scenario

Moderate economies of scale 
and testing of 6 different 

technologies means that cost 
reductions are relatively slow w/ 

some EOR benefit

Concentrated Scenario

Focused technology and 
locations to maximise learning 
and economies of scale but no 

EOR

EOR Led Scenario

2 key technologies with locations 
assumed to maximise EOR 
benefit. More limited scale 

economy, particularly in storage.
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CCS COST REDUCTION MECHANISMS
Key cost reductions occur for post combustion gas CCS in concentrated scenario 
and oxyfuel coal CCS in EOR scenario

Cost Reduction Mechanisms: Post combustion Gas [Concentrated scenario]

Capture plant gen. Baseline ZOAK FOAK NOAK
Commissioning Yr 2020 2020 2025 2030
CCS Plant # 0 1 ~6 ~15
CCS GW capacity 0 ~0.4 GW ~2 GW ~10 GW

Scenario 
characteristics
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CCS COST REDUCTION MECHANISMS
Key cost reductions occur for post combustion gas CCS in concentrated scenario 
and oxyfuel coal CCS in EOR scenario

Capture plant technology, designs and economies of scale
Transport and storage scale and utilisation
Improved financeability for CCS chain
Enhanced Oil Recovery revenue
Other (fuel costs and location)

Capture plant gen. Baseline ZOAK FOAK NOAK
Commissioning Yr 2020 2020 2025 2030
CCS Plant # 0 1 ~6 ~15
CCS GW capacity 0 ~0.4 GW ~2 GW ~10 GW

Scenario 
characteristics

Cost Reduction Mechanisms: Oxyfuel coal [EOR Scenario]



COPYRIGHT©PÖYRY
APRIL 2015

CCS COST REDUCTION MECHANISMS: FINAL REPORT 34

TABLE OF CONTENTS

1. Project Background

2. Cost reduction mechanisms: Literature review

3. ETI CCS Scenarios: Overview

4. Cost Reduction Mechanisms: Modelling results
1. Establishing baseline costs

2. Cost reduction mechanisms: magnitude

3. Cost uncertainty
4. Cost reduction mechanisms: thresholds & drivers

5. Policy Gap Analysis

6. Conclusion and recommendations

Annex A. Review of current international developments

Annex B. ETI CCS Scenarios: Detailed results

Annex C. Literature review: Additional reports

Page

03

06

18

23

25

30

34

39

50

58

65

80

96



COPYRIGHT©PÖYRY

236

202

164
147

168

139

108
97

144

115

88
78

0

50

100

150

200

250

Baseline ZOAK FOAK NOAK

St
rik

e 
Pr

ic
e 

(£
/M

W
h)

High
Central
Low

210

176

139
127

136
125

94 88
96

86

67 62

0

50

100

150

200

Baseline ZOAK FOAK NOAK

St
rik

e 
Pr

ic
e 

(£
/M

W
h)

High
Central
Low

Uncertainty around the technology and fuel costs blurs the line between technologies significantly
– Highlights the policy risk if we were to select only one technology/fuel type as the ‘correct’ choice now
– Potentially international development decreases the risk of picking the wrong technology but unlikely to drive costs 

down further/faster than those seen here for these technologies (as same minimum time thresholds applies)

It therefore also blurs the line between scenarios – obvious questions around ‘value’ of EOR in 
current environment
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Cost range for (post-comb) gas CCS projects

DRIVERS OF CCS COSTS – UNDERSTANDING UNCERTAINTY

Overlaid on the cost reduction pathway we consider cost uncertainty, particular in 
the underlying technology and fuel costs

Cost range for (oxyfuel) coal CCS projects
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Late Oxyfuel coal plantEarly Oxyfuel coal plant

DRIVERS OF CCS COSTS – SOURCES OF UNCERTAINTY

For coal CCS, technical capabilities and financing are the dominant risk factors
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Late post combustion gas plantEarly post combustion gas plant

DRIVERS OF CCS COSTS – SOURCES OF UNCERTAINTY

For gas CCS, fuel costs are the greatest source of uncertainty

Sensitivities assume:  Plant cost range from Mott McDonald & CRTF, plant WACC ± 2%, availability ±10%, commodity prices from 
DECC Low/Central/High scenarios, economic life and CfD length of 15,25 or 30 years, EOR 0-25 £/t, onshore transport -
25%/+50%, offshore costs -33%/+100%.

Base caseBase case
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T&S costs come down rapidly in all scenarios but in the end do vary significantly across scenarios
– Highlights importance of an ‘efficient’ build out (depending on what your aims are) to achieve CCS at lowest cost
– Creates fundamental requirement that to see low cost CCS we need to commit to CCS infrastructure (grants for 

storage + oversized pipes).  This in itself is a risk but otherwise very hard to see efficient development at low cost.
– Important to remember that location of CCS power plant in relation to storage will also influence the cost of T&S 

– Where CCR helps locate power plants close to storage or pre-existing infrastructure, it can help drive low cost 
CCS quickly

Example below shows the capex spend variation across to ETI scenarios with similar CCS industry 
scales (in both GW deployed and CO2 stored basis)

T&S spending in Balanced vs Concentrated

ADDITIONAL UNCERTAINTY ALSO EXISTS FOR T&S COSTS

Finally, if you focus CFD at power plant rather than focussing on the risk of appraisal, you may miss the opportunity to 
significantly reduce the CFD cost because you don’t directly reduced the risk in the storage (and chain may seek return on 
most risky component) – where risk is completely unpriced by market this may need to be targeted by intervention
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COST REDUCTION: CHARACTERISTICS AND THRESHOLDS

Each of the four cost reduction mechanisms is dependent on the technology and 
roll-out scenario.  By comparing technologies and scenarios we derive the 
following key characteristics/thresholds for different cost reduction mechanisms

Mechanism description Implied GW thresholds Required timing

1. 
Technology 
learning

• Moving from 1st generation 
plants to 2nd and 3rd 
generations of CCS: requires 
roll-out and time to realise 
(separate tranches)

• Improved technology designs 
and performance will need 
public and private R&D as 
well as the chance to learn 
from earlier generation 
projects

• Later plants also larger: drives 
unit cost reduction at plant

• Min. 3 potential tranches to reach NOAK by 
2030 implies a threshold:

• ~300MW + ~800MW + ~1200MW = ~2.3 GW 
per technology and perhaps even per 
manufacturer

• Commercialisation programme projects 
already slightly larger but increase in capacity 
in each tranche is perhaps too great for a 
single step. Will mid-generation steps be 
required in practice?

• Some steps could take place outside UK for 
some technology manufacturers, but likely 
would need to be  in combination with the UK 
to access full cost reduction.

• Tranches need to 
occur sequentially 

• i.e. 3 x 4yrs 
construction period + 
1yr learning = ~15 
years to bring down 
from FID on the first 
ZOAK plant

• Supply chain 
development however 
requires a continuous 
roll-out to develop

2. Transport 
and storage 
scale
Economies

• Larger pipes and large stores 
will be cheaper per t/CO2

• Requires the pipes and stores
to be well utilised

• A decision to oversize pipes is 
very difficult (and much less 
economic) if new projects may 
take 5+ years to arise

• ~15-20mt sufficient to fill a large [24”+] pipe 
and likely highest capacity and injectivity SNS 
aquifer

• 3GW of coal or 6GW of gas based CCS 
depending on fuel to get ‘fully’ utilised pipe at 
a large hub 

• Worth noting you don’t need full pipes to 
already get significant cost reduction

• Realisable quickly if 
projects built in parallel

• <10 years for full hub
• Storage capacity 

appraisal lead times 
are critical path for 
accessing large 
storage
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COST REDUCTION: CHARACTERISTICS AND THRESHOLDS

Each of the four cost reduction mechanisms is dependent on the technology and 
roll-out scenario.  By comparing technologies and scenarios we derive the 
following key characteristics/thresholds for different cost reduction mechanisms

Mechanism description Implied GW thresholds Required timing

3. Improved 
finance-
ability in the 
CCS chain

• De-risking of the investment in 
incremental CCS capacity, partly through 
confidence building/amending CfD funding 
instrument

• De-risking of investment in incremental 
transport and storage networks

• Need to see operating CCS chains before 
risk falls but also need to see a 
continuous roll-out to keep finance parties
investing

• Only 1 project each 5 years 
would (in theory) reduce 
perceived operation risk at 
lowest roll-out [minimum of 
2.3GW over next 15 years]

• Stakeholder workshop and 
literature highlights need for 2+ 
plants per tranche to maintain 
momentum in finance industry

• As above – need to 
see operational CCS in 
the UK to attract lower 
risk investment types

• Financier stakeholder 
comments strongly 
reflect requirements for 
‘continuous’ roll-out 
over this period

4. Enhanced 
Oil Recovery

• Required EOR benefits to outweigh costs 
which also relies on underlying oil price 
and tax regime and whether or not the 
revenue can derive to the CCS

• Highly location dependent – only 
applicable to CNS in the UK

• In theory just a 1GW coal plant 
generates sufficient CO2 for a 
large EOR project

• But EOR requires reliable flexible 
CO2 flow so does it really needs 
connection to a multi-source and 
multi-sink hub

• Opportunities reliant on 
oil fields at right stage 
of life: Should be some 
in 2020s but a lack of 
available CO2 or other  
factors (low oil price or 
high tax rates) could 
drive retiral of the key 
eligible oil fields
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THRESHOLDS: TIMING ISSUES FOR CCS ROLL-OUT

Assessment of thresholds has led to interesting and divergent timing issues for 
cost reduction

Traditional cost reduction assessment through learning curves emphasises the need for roll-out and 
time to allow for learning which can lead to cost reduction – this is exemplified by the need to 
construct and then operate each ‘generation’ of a technology before learning can be absorbed in new 
projects

However, many of the cost reductions identified for CCS are greatly enhanced by (or require) a 
continuous roll-out
– Cost reductions from private sector tech innovation, supply chain development, improved financing  etc. appear to 

require a pipeline of visible projects for effective cost reduction

Creates an additional dimension to the cost reduction mechanisms – GW and number of project 
important but also both a minimum and maximum timescale for that roll-out in order to fully access 
cost reductions

Put another way we need to think of both ‘thresholds’ as to how quickly we can drive down costs and 
also need to think about the ‘cost’ of delays or a stop-start industry – this includes the knock on 
impact of potential delays in the current Commercialisation Programme projects
– Avoiding delays (such as those that stem from not sorting out long-term storage liability issues early) will be 

imperative for driving down costs
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CCS COST REDUCTION: LOCAL VS INTERNATIONAL DRIVERS

To aid answering the key questions we have also characterised the cost reduction 
mechanisms according to the influence of the following drivers

Internationally led cost reduction drivers
– International roll-out: Cost reductions which can be achieved globally through a roll-out of CCS across the world, 

with no particular reason to assume that such roll-out must take place in GB for cost-savings to be achieved.
– Typical example would be an improvement in an internationally available generation technology.  

– Innovation led: Cost reductions likely to be achieved through commercially led or academically led research and 
development activities.  These should not specifically require roll-out to occur but we may well expect to work in 
partnership with global roll-out (as commercial opportunities will tend to drive R&D).  There is no particular reason 
to assume that such innovation must take place in GB for cost-savings to be achieved. 
– Typical example would be improvements in amine-based capture technology as a result of research led by TCM in Norway

GB led cost reduction drivers
– Improving approach: Cost reduction driven by different (better?) choices in GB which enable a lower strike-price 

(or LCoE) to be achieved by the project without particular need for major roll-out or innovation
– Typical example would be the offering of a fuel indexed or longer-term CfD

– GB Roll-out: Cost reduction driven by the roll-out of CCS specifically in GB (not achievable by roll-out elsewhere or 
through pure R&D in the absence of roll-out)
– Typical example would be economies of scale in transport of CO2 from a GB based network

The aim of this exercise is to establish which, if any, of the cost reductions are reliant on roll-out of 
CCS at scale in GB – to the extent that some are reliant we can conclude that, in the absence of such 
GB based roll-out it is unlikely that the identified cost reductions would be available in the 2020’s
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CCS COST REDUCTION: LOCAL VS INTERNATIONAL DRIVERS

International experience and innovation have roles to play, but only appear to affect 
some cost reductions

Cost 
reduction

mechanism
Sub-mechanism

Inter-
national 
roll-out

Innovation 
and R&D

Improved 
approach

Mechanism 
‘requires’ GB 

roll-out?

1. Capture 
plant tech, 
design and 
economies 
of scale

Capture economies of scale – increasing scale to full 
commercial size as technology becomes established

Performance improvements through better integration of 
generation/capture unit and reduced contingency

Capex & Opex reduction through better design, technology 
and improvements in construction materials

Cost reductions through a developed supply chain

2. Transport 
and storage 
scale and 
utilisation

Larger capacity pipelines as size of capture plant 
increases

Investing in oversize pipes leading to shared networks and 
shared costs of pipe networks

Investment in large CO2 storage clusters (multi-source, 
multi-sink)

Reuse of existing oil and gas infrastructure

3. Improved 
finance-
ability

De-risking via business models, bankable contracts, 
‘proving’ of storage sites, and technology demonstration

Fit for purpose funding mechanisms including CfD, 
industrial CCS & potential separate T&S funding

Risk minimisation through improved MMV and M&R

Greater involvement from financial and insurance sectors

4. EOR Use of CO2 led EOR in Central North Sea, lowering net 
cost of CO2 storage

International led GB led

Comments

Savings from capture scale driven by willingness to commit to 
larger projects, supply chain capability to provide components 
and funding mechanism allowing for larger project size.

Driven by the technology available: the ability to learn from 
current plants and have greater confidence in component 
performance 

The evolution of the current generations of capture technology 
will by largely driven by innovation and general roll-out at 
international level

Supply chain improvements driven by scale up or chain, 
competition and will be partly international but some elements
will need GB development

As in other savings from capture scale up

Allows additional economies of scale above those for single 
project but would require incentivising and planning for larger 
shared cost pipelines

Economies of scale and improved operability in storage 
solution. Will need regulation that encourages but also roll-out 
to maximise injection economies of scale.

Where possible reuse of existing infrastructure could lower 
costs with correct incentives and sufficient GB based roll-out.  

Some de-risking of GB CCS achievable if CCS prevalent 
elsewhere in world (reduced capture tech risk).  Other 
elements, e.g. storage, funding and contracts GB driven.

Largely a choice as to an optimal approach to take (and 
perhaps best viewed as which risks are taken on by 
government)
Innovation key but seems likely techniques and experience will 
require roll-out of CCS in UK (given ‘unique’ offshore storage) 
(also will rules HSE drive UK specific rules)

Lower cost insurance products and financial terms at least 
partly roll-out driven some of which GB specific.  Will also need 
appropriate risk allocation (e.g. long-term storage liability).

CO2-led EOR in CNS requires innovation from oil companies to 
maximise benefit. Also requires tax code revision allowing CCS 
to monetise benefits and sufficient timely GB based CCS
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CCS COST REDUCTION: LOCAL VS INTERNATIONAL DRIVERS

Harvey ball assessment – summarised and translated into ‘weightings’ for each 
cost reduction category. Broadly we conclude that:

1. Capture plant improvements could largely be led through international CCS development and 
innovation if CCS adopted elsewhere (but supply chain development likely to be partly GB specific)

– Carbon Trust TINA suggests that innovation spend  needs to be 100’s of £m but will primarily lead to cost reduction 
in the long-run (i.e. by 2050 rather than 2030) as 2nd gen technologies unlikely to be available at scale by 2030

2. T&S economies of scale seem almost solely GB roll-out driven (not least of GB specific T&S build) 
3. Improvements in financing terms are also unlikely to occur without GB based roll-out
4. Finally ‘Improved approach’ in GB crucial for improved financeability, and EOR also potentially 

helps to enable T&S economies of scale
– Some of this may not require changes in current policy – just that as we progress cost savings could arise from the 

application of current policies to new generations of CCS plant
Results translated into table designed to represent, broadly, the fraction of cost reduction that could 
be led by each driver (but does not necessarily require GB roll-out of capture or T&S of CO2 ).  
– Remainder is then the estimate of the cost reduction that requires GB roll-out

Cost reduction mechanism International 
roll-out

Innovation and R&D Improved approach Mechanism ‘requires’
GB roll-out?

1. Capture plant tech, design 
and economies of scale 50% 25% 25%
2. Transport and storage scale 
and utilisation 25% 75%

3. Improved financeability 50% 50%

4. EOR 25% 50% 25%
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COST REDUCTION: COMBINING MECHANISMS AND DRIVERS

Baseline First plants Mid Rollout Late Rollout
136 125 94 88

Improved 
finance

Capture 
development

Transport & 
storage

Other

12 18 21 3

International 
rollout

Innovation 
and R&D

Improved 
approach

GB Rollout

20% 10% 20% 50%

Costs
(£/MWh)

Drivers
(% total 

savings)

Post Combustion Gas CCS Cost Reductions [Concentrated scenario]

2030 
Savings

(£/MWh)
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COST REDUCTION: COMBINING MECHANISMS AND DRIVERS

Post Combustion Gas CCS cost reduction: Split by mechanism and driver
Plant 1 Plant ~6 Plant ~15
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COST REDUCTION: COMBINING MECHANISMS AND DRIVERS

Oxyfuel Coal CCS Cost Reductions [EOR scenario]

Baseline First plants Mid Rollout Late Rollout
168 139 108 97

Improved 
finance

Capture 
development

Transport & 
storage

Other (inc.
Enhanced Oil 

Recovery)

24 20 28 5-7

International 
rollout

Innovation 
and R&D

Improved 
approach

GB Rollout

15% 10% 30% 45%

Costs
(£/MWh)

2030 
Savings

(£/MWh)

Drivers
(% total 

savings)
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COST REDUCTION: COMBINING MECHANISMS AND DRIVERS

Oxyfuel Coal CCS cost reduction: Split by mechanism and driver
Plant 1 Plant ~6 Plant ~15
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LITERATURE REVIEW: POLICY GAPS AND RECOMMENDATIONS

ETI CCS Sector Development Scenarios (study still WIP at time of review)

Cost reduction mechanism Policy gaps

Capture plant technology 
learning 
(Power CCS and Industrial 
CCS)

• Developing a more robust strategy for capture readiness
• Financial incentives for industrial CCS
• Management of load factor risk for CCS power projects

Transport and Storage
• Early investment in physical appraisal to expand the promising 5/42 and Captain aquifer stores 

and appraise further sites 
• Governance for infrastructure sharing: Clarify T&S business model

Financeability
• Stimulate a robust project development pipeline by delivering clear signals to investors and 

project developers about the scale and strength of policy (levy control framework support) 
commitment to developing CCS

Enhanced oil recovery
• Risk management and governance for EOR: Demonstrate how oil-price risks and complexity in 

cross-sector co-ordination will be addressed/overcome
• Incentives for CO2-EOR operations in the UKCS (i.e. similar to brown field allowances)

Other

• Timely implementation of both CCS Commercialisation Programme projects
• Reflecting strategic value in CfD allocation decisions (i.e. picking location, technologies, creating 

new hubs, etc.)
• Enable early investment decisions by phase 2 projects by awarding a further 3 appropriately 

designed CfDs by 2020 
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LITERATURE REVIEW: POLICY GAPS AND RECOMMENDATIONS

Carbon Trust TINA

Cost reduction mechanism Policy gaps

Capture plant technology 
learning 
(Innovation)

• Policy dependent demand and uncertain support levels inhibit innovation in capture at all stages, 
and create a need for support from development through full demonstration  Inherent cost and 
energy penalty mean no market exists without support, and long lead times and long-run nature 
of plant investments mean that support must be stable in the long-run  Certain components 
(e.g. air separation unit and CO2 compression) do have other applications that drive innovation, 
but probably not the significant breakthroughs needed for CCS application

• There are barriers to developing novel/innovative concepts (very high uncertainty, long lead 
times, and spill-over risks that inhibit individual companies from make required investments) –
This creates a need for support to earlier stage, breakthrough technologies

Transport and Storage 
(innovation)

• Large scale transport infrastructure requires long term planning, creating a need for government 
driven design optimisation and infrastructure planning (and ultimately infrastructure 
coordination/building)

• Individual companies do not have a strong commercial incentive to ensure long term reliability 
and robust risk mitigation methods for the desired long-term assurance; Moreover, limited 
insurance options (for very long run uncertainty) increase risks of CO2 storage relative to 
returns. Together, these create a need for support across the innovation chain, from research 
through to demonstration

• Uncertain environmental impacts and regulatory regime – health and safety regulation and 
public acceptance requirements associated with CO2 leakage add to future uncertainty about 
necessary storage and M&R technologies, reinforcing the need for support for RD&D
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LITERATURE REVIEW: POLICY GAPS AND RECOMMENDATIONS

Cost Reduction Task Force (1)

Cost reduction mechanism Policy gaps

Capture plant technology 
learning 
(Power CCS and Industrial 
CCS)

• Projects developed in the UK following those arising from the commercialisation program should 
be of a size much closer to the full size unabated plants available, in order to capture the 
economies of scale that should then be available

• Ensure that the optimal balance between scale risk, equipment redundancy, design margins and 
required availability is achieved; including the requirement that any constraints (e.g. CO2 
specifications), design requirements (e.g. capture percentage limits) or performance objectives 
(e.g. minimisation of cost of electricity generation) are set with the intended and possible 
unintended consequences of these limits, clearly understood and agreed.

• The benefits and downsides of integration should be examined from the experience of all early 
projects, worldwide, in order to incorporate this experience into future designs.

• R&D funding for future technologies should continue from both industry and Government to 
create cost reductions beyond the incremental reductions available from existing technology.

• Investigate options to incentivise the development of industrial CCS projects.
• Create policy and financing regimes for CCS from industrial CO2

Transport and Storage

• Structure contracts and licenses flexibly enough to allow CO2 to be injected into alternative 
stores by agreement between storage owners 

• Configure early CCS project transport and storage infrastructure so that they take into account 
likely future developments in CO2 storage hubs and associated pipeline networks to minimise 
long run costs

• Characterise storage areas for CO2 in the UKCS and recommend a way forward. This will make 
storage bankable from a commercial and technical perspective (including reducing exploration 
premium)
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LITERATURE REVIEW: POLICY GAPS AND RECOMMENDATIONS

Cost Reduction Task Force (2)

Cost reduction mechanism Policy gaps

Financeability

• Consider how the business model for CCS in the UK should migrate away from early end to-end 
full chain projects to projects more suited tocluster development.

• Develop an industry view of a bankable project contract.
• Continue work to develop the CfD structure, and other relevant EMR instruments, with a view to 

their widespread use in CCS projects (i.e. Ensure Funding mechanisms are fit for purpose)
• Keep a variety of financial institutions, analysts and insurance companies engaged in CCS so 

that they: understand and gain comfort about the full chain of CCS, its technical characteristics 
and the financing mechanisms in place can correctly analyse risks and risk mitigation options; 
and can work with the industry and policy makers to provide the financial structuring expertise 
required to fund the anticipated growth of the industry in an efficient manner with appropriate 
returns.

Enhanced oil recovery • Stakeholders to work together to deliver measures that facilitate CO2 EOR in the UK.
• Incentivise CO2 EOR to limit emissions and maximise UK hydrocarbon production

Other • Assess what future development of policy and regulatory framework is required to deliver CCS 
projects
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LITERATURE REVIEW: POLICY GAPS AND RECOMMENDATIONS

DECC/BIS Industrial CCS project

Cost reduction mechanism Policy gaps

Capture plant technology 
learning 
(Power CCS and Industrial 
CCS)

• UK industry can benefit from international experiences of existing and planned capture initiatives 
worldwide. However there will still be a need for deployment in the UK to overcome the 
significant UK-sector and site specific barriers that are identified by stakeholders. A key example 
is the focus in the UK on retrofit applications, because especially in the iron and steel and 
refinery sectors, but also in the larger chemicals and cement plants, the construction of new 
plants in the near future is not considered likely by industry. In some other countries (China, US, 
Middle East) demonstrations for integrated projects in newly build facilities, have limited value 
for the UK 

• At a UK-wide level piloting capture applications at cement and oil refining sites by 2020 could 
reduce multiple barriers for CCS demonstration projects operational by 2025

Other

• Long term stable market or taxation incentives and political support (e.g. global carbon pricing or 
taxation). The risk of carbon leakage is significantly higher in many of these industry sectors 
than in the power sector, as they produce for a global commoditised market. To prevent carbon 
leakage, the support system needs to be at a sufficiently global scale, or address carbon 
leakage in other ways

• Long term stable regulatory requirements, such as mandates and standards. Governments 
could mandate to implement CCS on specific installations or in specific sectors to obtain a 
license to operate. Alternatively standards on maximum CO2 emissions per unit of production 
could be set. Carbon leakage under these regulatory requirements needs to be addressed 
similarly to market incentives.
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POLICY GAP ANALYSIS: CONCLUSIONS 1

In addition to the recommendations identified in the literature review we highlight 
the following key policy gaps for addressing the cost reduction opportunity in CCS

Phase 2 projects need to take investment decisions quickly once the first commercialisation 
programme project(s) progress and preparation must begin now if we are to achieve cost reduction 
through momentum building and economies of scale.  This will require CfD awards for early follow 
on projects pre-2020, and these need to be of sufficient scale to not-restrict scale up where it can be 
accommodated (necessary step in cost reduction).  Given the range of uncertainty in CCS technology 
costs, there is no clear winner so future phases of CCS funding should be kept technology neutral.  
Additional storage capacity appraisal and development is required and appears to be on the critical 
path to enable Phase 2 projects to take FID pre-2020.  To the extent this is not accounted for by the 
current commercialisation programme, additional specific support for storage appraisal in 
particular may be required.
The current T&S business model leaves a requirement with government to take proactive strategic 
decisions on both new hubs (one off high cost CfDs) and new plants (potentially low cost CfDs but 
potentially sub-optimal if it takes up a lot of pipeline space) as part of the CfD allocation mechanism.  
There is therefore a policy risk introduced for projects to anticipate the preferred ratio of cost to T&S 
infrastructure when bidding for future CfD contracts.  If this business model is to continue sufficient 
guidance should be given to allow projects to develop appropriate projects for application to 
the CfD mechanism in the near future.   
International partnerships and innovation funds will be key to maximising the benefit of 
international experience to the UK (as well as maximising the benefit of UK development 
internationally).  These should be encouraged and developed wherever possible. Also noted that UK 
is a leading CCS proponent, so naïve to assume it carries on in same vein without UK leadership.
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POLICY GAP ANALYSIS: CONCLUSIONS 2

In addition to the recommendations identified in the literature review we highlight 
the following key policy gaps for addressing the cost reduction opportunity in CCS

The underlying cost and performance of CCS projects are still uncertain.  This means that:
a) there are risks and costs to a strategy of early commitment to a significant CCS roll-out which should be balanced 

against the ‘reward’ of potentially lower cost decarbonisation in the future.  Probabilistic analysis conducted by ETI 
of the Net Present Value of developing CCS suggests that such costs are worth paying but such a commitment is 
not yet available from government.  If the industry is to develop efficiently, this commitment must be made by 
government such that the risk perception from CCS developers can fall and new projects can come forward.  If a 
more careful, slow roll-out path is preferred the costs of this should also be recognised.  

b) the performance of individual CCS technologies is more uncertain than CCS as a whole which leads us to another 
roll-out policy issue – installation of multiple CCS projects of a single technology will help drive that technology 
down the experience curve but it is not yet clear which technology will be cheapest in the 2020’s.  International 
experience is helpful – post-combustion coal and IGCC technologies in particular are proposed extensively else-
where so no reason to think that the UK must go it alone.  This reduces risk for UK in picking particular technology 
solutions, in that points of comparison should be available to signal a direction change where necessary even if the 
technology is not used directly in the UK. On balance therefore, we suggest UK looks to encourage only a small 
number of technologies where possible to ensure some technological progress (i.e. does not specifically look to 
broaden technology tested to full range), but generally leaves decision up to developers for which technology they 
wish to take forward. 

Finally, we reiterate conclusions of CRTF & previous CCC studies that single most important driver 
for successful reduction in UK CCS costs is full-chain demonstration of CCS at scale in the UK.  

– The current CCS Commercialisation Programme is seeking to deliver this and we emphasise the importance of 
successful deployment of projects as a key underpinning of the cost reduction scenarios presented.  As part of 
this process we expect greater clarity on many of the currently anticipated issues with CCS financing (such as 
long-term storage liabilities and fuel indexation) and assume that such issues will be resolved satisfactorily for 
future participation of private sector developers and financiers to continue interest in the CCS sector in the UK.  
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FUTURE SCENARIOS FOR CCS DEVELOPMENT AND COST 
REDUCTION
First projects likely to be ~£140-200/MWh if they were ‘stand alone’ under current 
CfD regime – scenarios show opportunities to reach ~£90/MWh in late 2020’s

Three scenarios examined for CCS development spanning a variety of outcomes but all with 
significant roll-out.  All achieve significant cost reductions through a variety of mechanisms with CCS 
costs >£100/MWh by 2030 for some CCS technologies

Learning curves exist for CCS but just learning by doing and innovation insufficient to get cost to 
<£100/MWh by 2030
– Lots of cost savings to come from economies of scale (bigger projects, more sharing)
– Other cost savings for financing arise from de-risking

However we also see lower costs (but not necessarily cost reductions in the theoretical sense) from:
– Picking right technology (i.e. some technologies will outturn cheaper than others)
– Cost savings from picking right locations (i.e. some locations cheaper than others)
– Additional revenue (or cost savings) from EOR

Should still be noted that there is significant underlying uncertainty that remains in the engineering 
costs of CCS and market drivers such as fuel prices.  
– This highlights the need to review analysis and plans as we learn more.
– However – probabilistic analysis by ETI shows the high value of a strong CCS programme despite this uncertainty 
– Even though scale of cost changes by 2030 are not guaranteed – they vary by technology and scenario (as well as 

implied policy choices)  - they are very significant in all examined cases

If market(s) structured 
correctly should enable 
these to occur
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CCS COST REDUCTION MECHANISMS AND THRESHOLDS

Threshold analysis therefore suggests we require a minimum of ~5GW coal CCS or 
~6GW of gas CCS installed on a continuous basis to 2030 across 1-2 key hubs to 
potentially access the full suit of cost reductions identified

Cost reduction categories differentiated into following categories:
– T&S economies of scale
– Power/capture plant cost reduction through technology learning
– Reducing risk/WACC
– Enhanced Oil Recovery

Different cost reduction mechanisms have different thresholds – cost reduction thresholds identified 
for GW roll-out, number of projects, minimum timescales for accessing and maximum timescales for 
accessing.  Means both timing of and total capacity roll-out are important for cost reduction:
– ~2.3GW roll out is threshold per technology type (and perhaps per manufacturer), deployed over time – i.e. in three 

cycles: ~350MW in 2015 + ~800MW in 2022 + ~1200MW in 2028 [if you only allow for one plant per cycle]
– Strong anecdotal evidence that cost savings would not arise with a stop/start industry of only 2.5GW by 2030 -

continuous flow of projects required to drive cost savings in the supply chain and finance related cost reduction.  
Two projects in first two phases implies a minimum roll out of 3.5 GW per technology for a more continuous roll-out.

– 3 GW CCS coal, 6GW CCS gas is threshold to fill a ‘full-scale’ flexible storage and transport hub (of 15-20mt)
– Savings can be accessed quickly if roll-out occurs soon (could even impact ZOAK) and cost savings occur 

logarithmically – half the maximum average cost savings occur with the addition of a single additional project 
– Spreading CO2 across 2 hubs would increase options (e.g. EOR) and not be too detrimental to cost reductions
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WHY CONTINUOUS ROLL-OUT IS IMPORTANT

Both technology cost reduction and CCS financing require a continuous roll-out of 
CCS plant for cost reductions to be realised

A steady roll-out of plant with a support mechanism that allows for progressively larger projects is 
required if the full benefits of technology learning curve cost savings are to be realised  
– A steady roll-out is the key to enabling expansion/retention of skills and efficient knowledge transfer from project to project.
– Increasing the project size over time is key to accessing economies of scale that are naturally inherent in thermal power generation 

projects (reduced per-unit contingency, lower per-unit cost for multiple or larger components) and exploiting component level cost 
savings from larger supply chains.

Improving financing terms of projects (and indeed perhaps financing projects at all) also relies on 
steady roll-out
– A key factor for banks to look at a new sector is the level of deal-flow they expect to see, particularly when the projects are complex, 

difficult to structure and require significant internal investment to get management and credit support for lending to the business. 
– Typically, we would expect the first transactions in CCS (as was the case with offshore wind) to attract the smaller number of more 

sophisticated financial institutions who generally have the internal resource to structure early deals, the experience to understand 
and allocate the risks and the willingness to invest the time and resource in processing such deals. In general they expect these 
first deals to be more conservatively structured with a relatively high proportion of equity to debt and reasonable strict covenants 
due to the strong risk profile.  The debt terms would also be relatively high to reflect the early adopter premium.  

– If there is the possibility of a pipeline of several deals, these banks will be followed by a larger group of institutions who take comfort 
from the experience of the lead banks and also see the potential to step into pre-structured (template) deals, effectively 
piggybacking off the first projects.  This widens the liquidity in the market (and experience/skills base of the project finance teams) 
for the transactions, inevitably leading to improvement of terms for the borrowers (gearing improves, pricing reduces and 
covenants, including debt sizing DSCR’s, reduce).  If there is too much of a gap between transactions, you lose this momentum as 
deals are seen as “one-offs” rather than part of a growth sector. 

– There are several examples of this cycle in the UK – CCGT (particularly during the 1990’s dash for gas), onshore wind and most 
recently, offshore wind.  With offshore wind for example, the slow start for offshore wind led the majority of banks to wait before they 
entered the market and it was 15 years between the first offshore wind farm (Vindeby in 1991) and the first successful project 
financing (Princess Amalia in 2006). 

– It is now estimated that 25+ institutions are interested in financing offshore compared to ~5 in the early days of project financing.
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ILLUSTRATIVE TIMELINES FOR 6GW ROLL-OUT SCENARIO

To illustrate how a ‘continuous roll-out’ 4-7GW scenario might develop we have 
created an illustrative scenario based on the EOR scenario developed for the ETI

This scenario has not been fully developed in the same way as the full roll-out scenario, but by 2030 :
– 3.3 GW of gas based CCS, 3GW of coal based CCS, with small industry-based CCS delivering 28Mt at two hubs
– High-level discounted cash-flow analysis suggests gas CCS would have strike prices <£100/MWh and coal ~ 

£100/MWh
– Total capex spend in this scenario around £15bn with payments under the LCF in 2030 of £1.4bn per annum

Type
Storage 

Site 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Peterhead Post Comb Gas CNS ZOAK D D C C C C 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
White Rose Oxy Comb Coal SNS ZOAK D D C C C C C 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Yorkshire Gas CCS 1 Pre Comb Gas SNS 0.0 ZOAK D D D C C C C C 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Yorkshire Coal CCS 1 IGCC SNS 0.0 0.0 ZOAK D D D C C C C C 0.3 0.0 0.0 0.0 0.0 0.0 0.0
Peterhead Gas CCS 2 Post Comb Gas CNS 0.0 0.0 0.0 0.0 0.0 FOAK D D D C C C 0.7 0.0 0.0 0.0 0.0 0.0
Yorkshire Coal CCS 2 Oxy Comb Coal SNS 0.0 0.0 0.0 0.0 FOAK D D D C C C C C 0.7 0.0 0.0 0.0 0.0
Forth Coal CCS Oxy Comb Coal CNS 0.0 0.0 0.0 0.0 0.0 FOAK D D D C C C C C 0.6 0.0 0.0 0.0
Yorkshire Gas CCS 2 Post Comb Gas SNS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 FOAK D D D C C C 0.8 0.0 0.0
Yorkshire Gas CCS 3 Post Comb Gas SNS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 NOAK D D D C C C 1.2 0.0
Forth Coal CCS 2 Oxy Comb Coal CNS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 NOAK D D D C C C C 1.1

Power Plant Roll-out Illustrative 2030 Map
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WHAT DOES ‘ADDITIONAL’ CCS ROLL-OUT PROVIDE? 

High-roll out scenarios examine an ‘additional’ ~4-5GW above the implied minimum 
to achieve cost reductions – additional benefits are identifiable 

Key additional benefit is the ability to access more, potentially now cost competitive, low 
carbon power 
– Noted that ETI analysis suggest that in many future scenarios the cost optimal pathway has 10GW of CCS installed 

by 2030

Additional roll-out of CCS capture plant allows for a broader range of CCS technologies to be tested 
in the UK while still seeing multiple generations tested by 2030
– A broader range of technologies gives greater ability to access international experience and a greater opportunity to 

export technology to other areas of the world

Additional benefits from investing in multiple storage and transport hubs include:
A. Additional cost reduction if not all is captured in the 5 GW roll-out case (true if 5GW over multiple hubs); 
B. Lower risk for UK plc because more storage locations are tested – eggs in (at least) two baskets if you have more 

than one hub – lower overrun risk on stores/non-performance; and/or
C. Greater access to EOR opportunities – could lead to lower overall costs, particularly if coal is favoured ion the long 

run – and access to potential low cost storage for European CO2 in the long run
D. The ability to allow more industrial CCS to feed into the network (from a wider range of locations).  Potentially a 

crucial element in allowing retention of UK manufacturing industry, jobs and skills (wider UK plc benefits and 
political support likely to be increased)
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DO WE NEED TO BRING DOWN COSTS THROUGH UK ROLL-OUT?

Why not wait for other countries or simply set up an innovation fund?
Cost reductions and breakthroughs in capture technologies achieved internationally should be 
broadly applicable in the UK
– No need to go it alone and international collaboration should be encouraged – IEA scenarios suggest that global 

CCS roll-out by 2030 could be 200-300GW from around 850 projects so UK only a small part of the global picture
– UK is a leading proponent of CCS, particularly on gas so perhaps naïve to think that it would carry on in the same 

vein without UK leadership in the CCS arena
Innovation in capture technology and in storage measurement, monitoring and verification will be 
important, particularly in the long-run
– However, participants in the UK CCS Cost Reduction Task Force and elsewhere viewed it as unlikely that ‘next 

generation’ capture technologies will be applicable on a large scale in the UK before 2030
– Key progress before 2030 likely to be incremental improvements in first generation technologies (i.e. those 

examined in this study) – likely in practice to rely on roll-out elsewhere as well as the UK

Cost reduction through T&S economies of scale, supply chain expansion and risk reduction appears 
to be largely UK driven, requiring roll-out of capture plants and T&S infrastructure – GW and timing 
thresholds in line with (or greater than) the minimum theoretically required for capture technology

An alternative route to some of cost reduction potentially available if we were to allow for a different 
approach to transport and storage of CO2 such that it was developed and financed separately and 
somewhat in advance of the CCS capture plants.  
– Would allow access to economies of scale (if priced correctly) and de-risking of storage potentially leading to lower 

cost CCS even in absence of extensive early UK capture plant roll-out. However, supply chains etc would still not 
develop so overall cost reduction opportunity still reduced. 

– We consider this approach largely as a cost and risk shift (to government) rather than a direct cost reduction.  
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REVIEW OF CURRENT INTERNATIONAL DEVELOPMENTS
A select group of international large-scale CCS projects have been used to help 
identify what possible lessons the UK can learn from the global CCS industry

All large-scale CCS 
projects (GCCSI report)

Filtering out projects, 
which are in the early 

stages of planning

Filtering out UK 
projects

• Global CCS Institute have 
identified approximately 55 
large-scale CCS projects 
globally in their recent
“The Global Status of CCS: 
2014” report.

• The GCCSI report 
characterises each CCS 
project based on the 
project lifecycle phases (i.e. 
“Identify”, “Evaluate”, 
“Define”, “Execute” and 
“Operate”)

• The GCCSI report identifies 19 
projects as being in an 
“Evaluate” and “Identify” 
phases – which are defined as 
being in the early stages of 
development planning 

• Due to long CCS project lead 
times the projects, which are 
still in the early stages of 
planning, will unlikely be able to 
provide insight and learning to 
the projects that will be 
operational in the 2020s

• These have been excluded from 
the global learning analysis 

• The purpose of this literature 
review is to focus on what lessons 
the UK can learn from the 
international CCS market. 
Therefore UK projects have been 
filtered out

• 33 projects have been included in 
the following analysis

• It should be noted 11 of these CCS 
projects are still in the “Define” 
stage – it is likely that some of 
these projects might not become 
operational due to ‘project 
attrition’ – i.e. only a small 
percentage of plants which are 
developed actually reach FID. 

55 3336
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REVIEW OF CURRENT INTERNATIONAL DEVELOPMENTS
North America has the largest CCS capacity both in 2014 and (expected) 2020

Source: GCCSI, 2014, Global Status of CCS
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REVIEW OF CURRENT INTERNATIONAL DEVELOPMENTS
Pre-combustion capture technologies are expected to dominate the global CCS 
market between 2014 and 2020

Source: GCCSI, 2014, Global Status of CCS
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REVIEW OF CURRENT INTERNATIONAL DEVELOPMENTS
CO2-EOR is currently the primary driver for CCS globally

Source: GCCSI, 2014, Global Status of CCS
Dedicated geological storage includes 
depleted hydrocarbon fields and aquifers
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REVIEW OF CURRENT INTERNATIONAL DEVELOPMENTS
CO2 capture capacity in the power generation sector is expected to increase from 
1 Mt/yr in 2014 to 15 Mt/yr by 2020: the highest increase among all CCS sectors

Source: GCCSI, 2014, Global Status of CCS
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REVIEW OF CURRENT INTERNATIONAL DEVELOPMENTS
Coal CCS projects (mainly in North America) are projected to make up 95% of the 
global power CCS capture capacity by 2020

Source: GCCSI, 2014, Global Status of CCS
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REVIEW OF CURRENT INTERNATIONAL DEVELOPMENTS
List of large-scale power CCS projects that are expected to be operational by 2020 
(including Boundary Dam, which is already operational)

*https://sequestration.mit.edu/tools/projects/index_capture.html 
**http://www.globalccsinstitute.com/projects/sargas-texas-point-comfort-project 
Source: GCCSI, 2014, Global Status of CCS

Project Name Year Location Capture Type MTPA Capacity
(Gross)* Storage

Boundary Dam 2014 Saskatchewan, 
Canada

Post-combustion
Coal 1.0 139MW EOR

Kemper County Energy Facility 2015 Mississippi, US IGCC coal 3.0 582MW EOR

Petra Nova 2016 Texas, US Post-combustion
Coal 1.4 250MW EOR

FutureGen 2.0 Project 2017 Illinois, US Oxyfuel Coal 1.1 229MW Geological

Rotterdam (ROAD) 2017 Zuid-Holland, 
Netherlands

Post-combustion 
Coal 1.1 250MW Geological

Sinopec Shengli Power Plant 2017 Shandong Province, 
China

Post-combustion 
Coal 1.0 250MW EOR

Sargas Texas Point Comfort 
Project** 2017 Texas, US Post-combustion

Gas 0.8 500MW EOR

Hydrogen Energy California 
Project 2019 California, US IGCC Coal 2.7 405MW EOR

Texas Clean Energy Project 2019 Texas, US IGCC Coal 2.7 400MW EOR
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POLICY DRIVERS FOR CCS IN THE NORTH AMERICA

While EOR is a key driver CCS in North America, non-EOR storage projects are 
making it to the ‘Execute’ stage

North America is currently the leading market for large scale CCS projects. A key 
contributor to this market success, it has been suggested, is the prevalence of EOR 
which drives up the economic viability of any CCS project

There are however two non-EOR CCS projects currently in the execute stage in North 
America:

– The Quest project in Alberta, Canada;

– The Illinois Carbon Capture and Storage project



COPYRIGHT©PÖYRY
APRIL 2015

CCS COST REDUCTION MECHANISMS: FINAL REPORT 74

POLICY DRIVERS FOR CCS IN THE NORTH AMERICA

Besides EOR there are a number of policy drivers which are seen as important for 
enabling CCS projects

Most important policy enablers (GCCSI)
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NON-EOR CO2 STORAGE: PROVEN SUCCESSES

Non-EOR storage has been proven abroad but a UK evidence base is still required

Sleipner CO2 storage project, Norway (1996)
– The first dedicated storage project, Sleipner was started in 

1996 and is located at an offshore gas shield in the North 
Sea

– The project is managed by Statoil and has a  capture 
capacity of approximately 0.9 MtCO2 p.a.

Snøhvit CO2 storage project, Norway (2008)
– Also managed by Statoil the Snøhvit project is the first 

offshore development in the Barents Sea  
– The project has a capture capacity of approximately 0.7 

MtCO2 p.a.

The Sleipner and Snøhvit storage projects have 
sequestered and stored approximately 16 million 
tonnes of CO2 cumulatively over their lifetimes

Despite the success of these projects, and the 
learning they have provided to the international CCS 
community, there is still a requirement to establish a 
UK proof base for CO2 storage in the UK
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REVIEW OF CURRENT INTERNATIONAL DEVELOPMENTS

Cost reductions and breakthroughs in capture technologies achieved internationally should be applicable in the UK –
no need to go it alone and international collaboration should be encouraged. 
International progress – means there is less of a downside for GB consumers with focussing on a limited number of 
technologies now
– UK is currently testing post-combustion gas and oxyfuel coal technologies through the two demo projects.
– On the other hand, IGCC and post-combustion coal CCS projects in North America are expected to dominate the 

global power CCS capture capacity by 2020
– This will increase the optionality in the 2020s in the UK – Follow-on CCS projects in the UK will have more 

technology options as different technologies will have been tested by 2020  (i.e. oxyfuel and post-combustion gas in 
the UK, and post-combustion coal and IGCC in other countries)

However it should be noted that other cost reductions mechanisms such as transport and storage economies of scale, 
risk reduction and EOR are UK driven, and would therefore require UK based roll-out to access these cost savings

Although international development is currently quite limited, progress, particularly 
in North America, could increase optionality in the UK

Cost reduction mechanism Potential impact of global learning

Capture plant technology learning and 
economies of scale (ZOAK - FOAK - NOAK)

Medium to high impact for post-combustion coal and IGCC coal 
Limited for oxyfuel coal and post-combustion gas as these are 
already being tested in the UK 

T&S economies of scale No impact – UK driven
Improved financeability Limited impact – mostly UK driven

Enhanced Oil Recovery Limited impact – requires UK based deployment (although proven 
globally)
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LIST OF GLOBAL CCS PROJECTS (1)

#
Project 

Lifecycle 
Stage

Project Name Year of 
Operation Location Industry Capture Type Capture Capacity Primary Storage 

Option

1 Operate Val Verde Natural Gas 
Plants 1972 Texas, US Natural Gas Processing Pre-Combustion capture 

(natural gas processing) 1.3 Enhanced oil 
recovery

2 Operate Enid Fertilizer CO2-EOR 
Project 1982 Oklahoma, US Fertiliser Production Industrial separation 0.7 Enhanced oil 

recovery

3 Operate Shute Creek Gas 
Processing Facility 1986 Wyoming, US Natural Gas Processing Pre-Combustion capture 

(natural gas processing) 7.0 Enhanced oil 
recovery

4 Operate Sleipner CO2 Storage 
Project 1996 North Sea Natural Gas Processing Pre-Combustion capture 

(natural gas processing) 0.9 Dedicated 
geological

5 Operate
Great Plains Synfuel 
Plants and Weyburn-

Midale Project
2000 Saskatchewan, 

Canada Synthetic Natural Gas Pre-Combustion capture 
(natural gas processing) 3.0 Enhanced oil 

recovery

6 Operate In Salah CO2 storage 2004 Algeria Natural Gas Processing Pre-Combustion capture 
(natural gas processing) 0.0 Dedicated 

geological

7 Operate Snohvit CO2 Storage 
Project 2008 Norway Natural Gas Processing Pre-Combustion capture 

(natural gas processing) 0.7 Dedicated 
geological

8 Operate Century Plant 2010 Texas, US Natural Gas Processing Pre-Combustion capture 
(natural gas processing) 8.4 Enhanced oil 

recovery

9 Operate Air Products SMR EOR 
Project 2013 Texas, US Hydrogen Production Industrial separation 1.0 Enhanced oil 

recovery

10 Operate Coffeyville Gasification 
Plant 2013 Kansas, US Fertiliser Production Industrial separation 1.0 Enhanced oil 

recovery

11 Operate Lost Cabin Gas Plant 2013 Wyoming, US Natural Gas Processing Pre-Combustion capture 
(natural gas processing) 0.9 Enhanced oil 

recovery

Source: GCCSI, 2014, Global Status of CCS
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LIST OF GLOBAL CCS PROJECTS (2)

Source: GCCSI, 2014, Global Status of CCS

#
Project 

Lifecycle 
Stage

Project Name Year of 
Operation Location Industry Capture Type Capture 

Capacity
Primary Storage 

Option

12 Operate Petrobras Lula Oil Field CCS 
Project 2013 Santos Basin, Brazil Natural Gas 

Processing
Pre-Combustion capture 
(natural gas processing) 0.7 Enhanced oil 

recovery

13 Operate Boundary Dam 2014 Saskatchewan, Canada Power 
Generation

Post Combustion 
Capture 1.0 Enhanced oil 

recovery

14 Execute Kemper County Energy Facility 2015 Mississippi, US Power 
Generation

Pre-Combustion capture 
(gasification) 3.0 Enhanced oil 

recovery

15 Execute Quest 2015 Alberta, Canada Hydrogen 
Production Industrial separation 1.1 Dedicated 

geological

16 Execute Illinois Industrial Carbon Capture 
and Storage Project 2015 Illinois, US Chemical 

Production Industrial separation 1.0 Dedicated 
geological

17 Execute Uthmaniyah CO2-EOR 
Demonstration Project 2015

Eastern Province, 
Kingdom of Saudi 

Arabia

Natural Gas 
Processing

Pre-Combustion capture 
(natural gas processing) 0.8 Enhanced oil 

recovery

18 Execute Alberta Carbon Trunk Line (ACTL) 
with Agrium CO2 stream 2015 Alberta, Canada Fertiliser 

Production Industrial separation 0.3 Enhanced oil 
recovery

19 Execute Gorgon Carbon Dioxide Injection 
Project 2016 Western Australia, 

Australia
Natural Gas 
Processing

Pre-Combustion capture 
(natural gas processing) 3.4 Dedicated 

geological

20 Execute Petra Nova Carbon Capture 
Project 2016 Texas, US Power 

Generation
Post Combustion 

Capture 1.4 Enhanced oil 
recovery

21 Execute Abu Dhabi CCS Project 2016 Abu Dhabi, United Arab 
Emirates

Iron and Steel 
Production Industrial separation 0.8 Enhanced oil 

recovery

22 Define Sinpopec Qilu Petrochemical CCS 
Project 2016 Shandong Province, 

China
Chemical 

Production
Pre-Combustion capture 

(gasification) 0.5 Enhanced oil 
recovery
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LIST OF GLOBAL CCS PROJECTS (3)

Source: GCCSI, 2014, Global Status of CCS

#
Project 

Lifecycle 
Stage

Project Name Year of 
Operation Location Industry Capture Type Capture 

Capacity
Primary Storage 

Option

23 Define
Yanchang Integrated Carbon 

Capture and Storage 
Demonstration Project

2016 Shaanxi Province, 
China

Chemical 
Production

Pre-Combustion capture 
(gasification) 0.5 Enhanced oil 

recovery

24 Define PetroChina Jilin Oil Field EOR 
Project (Phase 2) 2016-2017 Jilin Province 

China
Natural Gas 
Processing

Pre-Combustion capture 
(natural gas processing) 0.8 Enhanced oil 

recovery

25 Execute
Alberta Carbon Trunk Line 

(ACTL) with North West Sturgeon 
Refinery CO2 Stream

2017 Alberta, Canada Oil Refining Pre-Combustion capture 
(gasification) 1.2 Enhanced oil 

recovery

26 Define FutureGen 2.0 Project 2017 Illinois, US Power Generation Oxy-fuel combustion 
capture 1.1 Dedicated 

geological

27 Define Rotterdam Opslag en Afvang 
Demonstratieproject (ROAD) 2017 Zuid-Holland, 

Netherlands Power Generation Post Combustion Capture 1.1 Dedicated 
geological

28 Define Sinopec Shengli Power Plant 
CCS Project 2017 Shandong 

Province, China Power Generation Post Combustion Capture 1.0 Enhanced oil 
recovery

29 Define Sargas Texas Point Comfort 
Project 2017 Texas, US Power Generation Post Combustion Capture 0.8 Enhanced oil 

recovery

30 Define Medicine Bow Coal to Liquids 
Facility 2018 Wyoming, US Coal to Liquids 

(CTL)
Pre-Combustion capture 

(gasification) 2.5 Enhanced oil 
recovery

31 Define Spectra Energy Fort Nelson CCS 
Project 2018 British Columbia, 

Canada
Natural Gas 
Processing

Pre-Combustion capture 
(natural gas processing) 2.2 Dedicated 

geological

32 Define Hydrogen Energy California 
Project (HECA) 2019 California, US Power Generation Pre-Combustion capture 

(gasification) 2.7 Enhanced oil 
recovery

33 Define Texas Clean Energy Project 2019 Texas, US Power Generation Pre-Combustion capture 
(gasification) 2.7 Enhanced oil 

recovery



COPYRIGHT©PÖYRY
APRIL 2015

CCS COST REDUCTION MECHANISMS: FINAL REPORT 80

TABLE OF CONTENTS

1. Project Background

2. Cost reduction mechanisms: Literature review

3. ETI CCS Scenarios: Overview

4. Cost Reduction Mechanisms: Modelling results
1. Establishing baseline costs

2. Cost reduction mechanisms: magnitude

3. Cost uncertainty

4. Cost reduction mechanisms: thresholds & drivers

5. Policy Gap Analysis

6. Conclusion and recommendations

Annex A. Review of current international developments

Annex B. ETI CCS Scenarios: Detailed results

Annex C. Literature review: Additional reports

Page

03

06

18

23

25

30

34

39

50

58

65

80

96



“BALANCED” SCENARIO: TRANSPORT AND STORAGE 
NETWORK DEVELOPMENT



“BALANCED” SCENARIO: AROUND 50 MT OF CO2 IS 
CAPTURED AND STORED IN 2030



“BALANCED” SCENARIO: AROUND 50 MT OF CO2 IS 
CAPTURED AND STORED IN 2030



“BALANCED” SCENARIO: TIMELINES FOR CAPTURE AND 
STORAGE DEPLOYMENT



“BALANCED” SCENARIO: STRIKE PRICES AND CFD
PAYMENTS

Each project has been modelled in terms of 
its required strike price
– Must cover capex (inc a hurdle rate return on 

capital), opex, fuel costs as well as the ‘pass-
through’ costs from transport and storage sector

In the Balanced scenario the strike price for 
individual projects stays comparatively high 
throughout 2020s as multiple technologies 
are tested and new transport and storage 
hubs are developed 
– The projects have different characteristics and 

whilst some CCS projects are low cost others are 
less successful and the average cost of the CCS 
technologies remains high

– Strike prices for new plants only drop below £100 
around 2030 as 3rd gen of plants developed

– High level of optionality and lower risk of ‘picking 
the wrong winner’ should be recognised in this 
scenario

Payments under the CfD mechanism total 
£18bn to 2030, peaking at £3.2bn/annum in 
2030

Notes: Results shown for marginal cost approach to T&S costing
Wholesale prices and fuel prices are taken from the DECC Sept 2014 
update of fuel prices



“CO2-EOR” SCENARIO: TRANSPORT AND STORAGE 
NETWORK DEVELOPMENT



“CO2-EOR” SCENARIO: TIMELINES FOR CAPTURE AND 
STORAGE DEPLOYMENT



“CO2-EOR” SCENARIO: AROUND 50 MT OF CO2 IS 
CAPTURED AND STORED IN 2030



“CO2-EOR” SCENARIO: AROUND 50 MT OF CO2 IS 
CAPTURED AND STORED IN 2030



“CO2-EOR” SCENARIO: STRIKE PRICES AND CFD
PAYMENTS

The EOR scenario shows strike prices 
for both coal and gas plants falling 
below £90/MWh by the late 2020’s as 
the benefits of EOR feed through
– Current chart assumes £20/t CO2 value for 

the part of the flows that go to EOR
– Coal and gas CCS strike prices are much 

more similar in this scenario due to the 
‘equalising’ impact of very low or negative 
storage costs

The benefits of EOR are also passed 
through to CfD payments via lower 
strike prices throughout the 2020’s
– Peak annual CfD payments are £2.2bn per 

annum
– Total CfD payments are £14bn

Notes: Results shown for marginal cost approach to T&S costing
Wholesale prices and fuel prices are taken from the DECC Sept 2014 
update of fuel prices



“CONCENTRATED” SCENARIO: TRANSPORT AND 
STORAGE NETWORK DEVELOPMENT



“CONCENTRATED” SCENARIO: TIMELINES FOR 
POWER CCS AND STORAGE DEPLOYMENT



“CONCENTRATED” SCENARIO: CO2 CAPTURE IS 
CONCENTRATED IN YORKSHIRE AND SCOTLAND



“CONCENTRATED” SCENARIO: CO2 CAPTURE IS 
CONCENTRATED IN YORKSHIRE AND SCOTLAND



“CONCENTRATED” SCENARIO: STRIKE PRICES AND CFD
PAYMENTS

In the Concentrated scenario the strike price 
falls quickly from the early Phase 2 projects to 
reach close to £80/MWh for new gas fired 
CCS projects in 2030, close to prevailing 
wholesale price

Competition between technologies in the 
2020’s ‘picks a winner’ early and runs with it
– In this scenario, strike price required by post-comb 

gas is lower than competing technology options 
– Post comb gas therefore rolled out at scale further 

decreasing costs

Payments under the CfD mechanism total 
£13.9bn to 2030, peaking at £2.1bn/annum

Notes: Results shown for marginal cost approach to T&S costing
Wholesale prices and fuel prices are taken from the DECC Sept 2014 
update of fuel prices
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ANNEX: CCS COST REDUCTION TRAJECTORY IN THE COST 
REDUCTION TASK FORCE REPORT

Source: UK CCS Cost Reduction Task Force

CCS CRTF: Cost Reduction Trajectory



ANNEX: COST REDUCTION MECHANISM IN THE PB 2013 REPORT

Parsons Brinckerhoff – Electricity Generation Cost Model – 2013 Update of Non 
Renewable Technologies

Cost reduction mechanism background information 

FOAK to NOAK, performance improvement, Capex & Opex reductions 
For new technologies or those with little commercial experience within the UK, inputs for FOAK and NOAK were 
differentiated where applicable. For CCS and nuclear technologies, FOAK was defined as the first plant within the UK, 
not including demonstration projects. This allowed for any experience gained from international projects, as well as the 
UK demonstration projects, to be accounted for within the FOAK numbers
It should be noted that the CCS costs are considered, as for other technologies, on a generic basis rather than a site-
specific basis. They may therefore differ from the costs of particular planned projects in the UK. It also should be 
noted that the FOAK costs are for the first plant, excluding demonstration projects, so it is not expected that the FOAK 
values would be in line with current demonstration project estimates
Timings for CCGT with oxy-combustion capture (a new technology this year) were assumed to be the same as for 
post-combustion capture, as the technology should take a similar length of time to design, permit, procure, construct 
and commission, and the process equipment for producing oxygen and purifying the CO2 should have a similar 
lifespan as the post-combustion capture equipment.

CO2 transport and storage
The low case for storage was assumed to be offshore storage of CO2 in a depleted oil or gas field, assuming some 
existing infrastructure e.g. offshore platform would be reused if appropriate.
The central case for storage was assumed to be offshore storage of CO2 in a depleted oil or gas field, with new 
infrastructure.
The high case for storage was offshore storage of CO2 in a saline aquifer. This is more expensive as the pressure is 
higher.



ANNEX: DECC INDUSTRIAL CCS PROJECT

Element Energy for DECC and BIS, 2014, Demonstrating CO2 capture in the 
UK cement, chemicals, iron and  steel and oil refining sectors by 2025: A 
Techno-economic Study

Technology deployment scenarios Sector piloting and demonstration timelines



ANNEX: CONDITIONS FOR MOST INTERNATIONAL COMMERCIAL 
SCALE INDUSTRIAL CARBON CAPTURE PROJECTS ARE DIFFERENT 
THAN FOR THE UK ENERGY INTENSIVE INDUSTRY

Element Energy for DECC and BIS, 2014, Demonstrating CO2 capture in the UK cement, chemicals, iron and  steel and oil refining sectors by 2025: A Techno-
economic Study

• The commercial scale refinery and steel projects are pre-combustion and hydrocarbon-pre-processing projects that are incorporated 
integrally within new-build facilities from the start. The other commercial-scale projects in the energy intensive industries are in high purity 
facilities, where the main requirement is for the very pure CO2 streams to be brought to specification.

• Most of the commercial-scale CO2 separation projects are at facilities for upstream hydrocarbon pre-processing (including natural gas 
processing), coal to liquid/gas/chemical (CTX) or other syngas) processing. In these processes CO2 removal is a process requirement and 
the capture part is usually integrally incorporated in the facility from the start, although the CO2 is not necessarily captured for storage.



ANNEX: CCC SUPPLY CURVES STUDY

Range of strike prices for CCS (£/MWh, 
2012)

Range of strike prices by fuel type(£/MWh, 
2012)



ANNEX: GLOBAL CCS ROLLOUT WOULD HAVE TO BE PRECEDED 
BY TWO TRANCHES OF INITIAL DEMONSTRATION PROJECTS

Preparing for global rollout: A ‘developed country first’ demonstration programme for rapid CCS deployment, J.Gibbins, H.Chalmers, Energy Policy, 36, (2008), 501 – 507 

Gibbins and Chalmers report that global CCS rollout would have to be preceded by two tranches of initial 
demonstration projects for technology discovery and learning and a “developed country first” rollout

A two tranche approach will: 

– generate key lessons which can be fed in the operation of successive plants;

– “encourage efficient use of capital as the second tranche can focus on optimising plant design”;

– “allow the gradual build up of the skilled workforce required to design, construct an operate CCS schemes”.

IGCC & oxyfuel plant schematic timelineDemonstration & deployment schematic timeline

Two tranche model overview



ANNEX: COST REDUCTION MECHANISMS (I.E. INNOVATION) 
INCLUDED IN CARBON TRUST TINA REPORT CONSISTENT WITH 
THE PROPOSED METHODOLOGY

Technology Innovation Needs Assessment (TINA): Carbon Capture and Storage in the Power Sector Summary Report, August 2012

Cost reduction mechanisms identified in the Technology Innovation Needs Assessment report

Cost reduction categories Component areas
Innovation
impact by 

c.2025

Innovation 
impact by

c.2050

Cost reduction mechanism
included in this study

CO2 capture and 
pollution control 
components

Pollution controls 2% 7%

Power/capture plant cost 
reduction 

(ZOAK - FOAK - NOAK)
rta

Capture components 20% 50%

Conversion and 
generation components

Boiler/turbine 11% 22%

Gasifier area 33% 60%

Gas Turbine Combined Cycle 15% 35%

Improvement in overall plant efficiency 16% 28%

Optimised CO2 transport - 50%
T&S economies of scale

CO2 storage

Infrastructure planning and re-
use - 50%

Well cost reduction – improved 
injectivity - 50% -

Component costs - 25% -

MMV
Reduced risk - 35% Reducing risk/WACC

Component costs - 4-6% -



ANNEX: THE INNOVATION IMPACT IS EXPECTED TO REDUCE 
COSTS FOR CCS BY 40% BY 2050

Technology Innovation Needs Assessment (TINA): Carbon Capture and 
Storage in the Power Sector Summary Report, August 2012

Innovation potential
The TINA report breaks down the CCS 
technology chain into what it classifies are major 
innovation sub areas:

– CO2 Capture and pollution control 
components 

– Conversion generation components –
e.g. boilers, turbines and all related 
component elements;

– Improvements in overall plant efficiency

– The design and planning for the CO2
transport system (i.e. pipes);

– CO2 storage – including well design, 
materials, drilling, injection and completion 
for a mix of approaches including platforms 
and deep sub sea structures

– MMV and M&R – i.e. storage 
characterisation, performance simulation 
and risk assessment;

Share of cost of energy up to 2050 

Innovation impact by c.2050

41%

2%
4%

4%

33%

16%

Fuel
MMV & M&R
CO2 Storage
CO2 Transport
Conversion & generation components
Capture & pollution control components

• According to the TINA, fuel and conversion and generation 
components represent the largest shares of the cost of 
energy up to 2050 (41% and 33% respectively)
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Key messages from TINA document

ANNEX: CARBON TRUST: TINA – INNOVATION OPPORTUNITIES 
(2012)

Innovation has the potential to drive down the costs (ignoring fuel) of conversion with capture by 15% by 
2025 and 40% by 2050
Innovation can further reduce the long-run costs of transport by ~50% and of storage by >50%. 
Innovation in measuring, monitoring & verification (MMV) and mitigation & remediation (M&R) can ensure 
the security of sequestered CO2, reducing the financing costs of CCS, as well as enabling its overall 
availability as an abatement option.
– Noted that in this study we have not classed the majority of this kind of cost reduction as innovation led pre-2030

Public sector activity is required to unlock this opportunity – although in some areas the UK may be able 
to rely on other countries to drive this innovation.

Innovation areas with the biggest benefit to the UK are 
– (i) deep sea storage, MMV and M&R and (ii) advanced capture development (especially gas and biomass) and 

demonstration of integrated conversion-capture.
– In both, the UK should look to lead or join multi-national partnerships Given specific niche strengths, there is also a case 

for broad “open call” support for leading ideas with “breakthrough” potential (e.g. novel capture or compression 
concepts, etc.) 

– Supporting all of the UK s priority innovation areas would require hundreds of millions of GBP over the next 5-10 years 
(leveraging 2-3 times that in private sector funding). The UK is addressing some of these innovation areas, but there 
remains considerable scope to expand this activity.

We note that the Carbon Trust are in the process of updating the TINA report and as such would 
encourage bearing this revised document in mind when setting innovation priorities in the UK
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Total spend to drive innovation required is 100’s of millions of GBP and TINA suggests 
that this would unlock 2-3 times this in private sector investment.  We note that this 
innovation multiplier effect only seems likely to happen if combined with roll-out.

ANNEX: CARBON TRUST: TINA – INNOVATION OPPORTUNITIES 
(2012)
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ANNEX: UNCERTAINTIES INCLUDED IN THE CRTF REPORT



ANNEX: UNCERTAINTIES INCLUDED IN THE PB 2013 STUDY (1)

Uncertainties for CCGT with retrofit post combustion CCS

High, central and low input levels were incorporated into the model for each parameter
These levels have been utilised to represent the variation in each parameter across specific example sites

Timing Uncertainties Technical uncertainties Cost Uncertainties



ANNEX: UNCERTAINTIES INCLUDED IN THE PB 2013 STUDY (2)
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ANNEX: UNCERTAINTIES INCLUDED IN THE DECC INDUSTRIAL 
CCS AND THE CCC SUPPLY CURVES STUDIES

DECC Industrial CCS study (2014)

CCC supply curves study (2013)
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ANNEX: A COMPARISON OF CCS CAPITAL COST ESTIMATES 
FROM THE CCS STUDIES REVIEWED HIGHLIGHTS A RANGE OF 40 
- 60% FOR EACH TECHNOLOGY  

Sources:
Pöyry – Technology Supply Curves for Low Carbon Power Generation
Mott MacDonald – Costs of low-carbon generation technologies, May 2011 for the CCC
Parsons Brinckerhoff – Electricity Generation Cost Model – 2013 Update of Non Renewable Technologies
CCS Cost Reduction Taskforce Final Report, May 2013

(Updated) CCS capital cost estimates: comparison of evidence base
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CBO: FEDERAL EFFORTS TO REDUCE THE COST OF CCS (JUNE 
2012)
The capacity required to achieve cost reductions of about 35% from CCS equipped 
coal fied power stations is about 210GW 

According to the Congressional Budget Office (CBO), roughly 210 GW of CCS equipped coal 
fired power plants would be required to achieve the Department of Energy’s (DOE) cost reduction 
goal for CCS. 

The DOE has two key goals with respect to CCS technology. These are:

CBO have used the following assumptions in their calculations:

– Average cost of electricity from CCS equipped and non equipped coal fired power plants are $104 
and $59 respectively

– Each additional 100GW capacity of CCS equipped plants reduce costs by about 14% 

– Generation from coal fired power plants itself are expected to reduce in costs by about 6% 
between 2007 and 2035

1. To reduce added costs for electricity produced by CCS equipped coal fired power 
plants to no more than 35%;

2. Improve CCS technology capture rates to 90% of CO2 capture from the generation 
process.
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CBO: FEDERAL EFFORTS TO REDUCE THE COST OF CCS (JUNE 
2012)
Global learning from doing is the main cost reduction mechanism identified by the 
CBO 

The CBO suggests that the 210GW of CCS capacity required to achieve cost 
reductions could be easily accommodated by a global community. 

Between 2007 and 2035, global coal fired generation is expected to expand from 
1,425GW to 2,366GW. 80% of which will be outside the United States.

In the short term the reciprocal learning from other countries will be limited, as 
countries will be in different stages of developing the technology.

Over the longer term, shifting growth in the world’s coal based generation capacity 
towards CCS-equipped plants will necessitate international agreements on 
substantial reductions in CO2 emissions.
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CBO: FEDERAL EFFORTS TO REDUCE THE COST OF CCS (JUNE 
2012)
Natural gas plants increasingly being used to meet electricity demand and could 
become a more attractive option for CCS but no incentives or policy in place

Coal based electricity generation plants have historically attracted the greatest level of attention and 
consequently the majority of investment when it comes to developing CCS technologies.

There are a number of factors which have contributed to this global trend:

As the cost of natural gas has come down this could impact the US CCS landscape.

The cost of using CCS at natural gas plants is likely to be lower than for coal powered plants as less 
CO2 is generated and therefore less equipment and energy required to compress CO2 will be required.

Developers of CCS capable coal plants face additional challenges when ensuring new emission 
reduction technologies are compatible plant coal handling exhaust equipment.

However, at the time of writing, the CBO report that firms have little incentives to adopt natural gas 
CCS as no policies are in place and the US regulatory action is likely to shift generation to natural gas 
without CCS (which is already an improvement on coal) and other low emission fuels such as biomass.

1. Coal power plants produce significantly larger volumes of CO2 per unit of electricity 
generated; 

2. Coal power plants produce more electricity than natural gas counterparts;
3. Until recently natural gas has cost more than coal, and lower  plant capital costs have 

meant natural gas plants have mainly been used to help manage peak in demand.
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IEA ROLLOUT SCENARIOS FOR CCS UP TO 2030

IEA rollout scenarios suggest that there will be 850 projects as of 2030

http://www.iea.org/publications/freepublications/publication/CCS_roadmap_foldout.pdf

http://www.iea.org/publications/freepublications/publication/CCS_roadmap_foldout.pdf
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IEA ROLLOUT SCENARIOS FOR CCS UP TO 2030

By 2030 global capture capacity from the power generation and industrial sectors is 
expected to be approximately 2-3GtCO2 globally

http://www.iea.org/publications/freepublications/publication/technologyroadmapcarboncaptureandstorage.pdf

CCS in the power and industrial sectors in the 2DS

http://www.iea.org/publications/freepublications/publication/technologyroadmapcarboncaptureandstorage.pdf
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IEA ROLLOUT SCENARIOS FOR CCS UP TO 2030

By 2030 CCS projects are expected to have stored approximately 12.2 GtCO2
globally

http://www.iea.org/publications/freepublications/publication/technologyroadmapcarboncaptureandstorage.pdf

Cumulative CO2 captured 2015-30 and to 2050, by region in the 2 degree scenario

http://www.iea.org/publications/freepublications/publication/technologyroadmapcarboncaptureandstorage.pdf
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IEA ROLLOUT SCENARIOS FOR CCS UP TO 2030

By 2050 power CCS capacity is expected to be around 950 GW

http://www.iea.org/publications/freepublications/publication/technologyroadmapcarboncaptureandstorage.pdf

964 GW

51 GW

285 GW

628 GW

http://www.iea.org/publications/freepublications/publication/technologyroadmapcarboncaptureandstorage.pdf
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IEA ROLLOUT SCENARIOS FOR CCS UP TO 2030

As an OECD member the UK will play a key role in global CCS deployment to 2030

UK by 2030 IEA Scenario up to 2030 Comments

• ~50 Mt/yr CO2
storage with 
10 GW of 
power CCS 
and 6 Mt/yr
capture from 
industrial 
sources by 
2030

• Explores a scenario where 
global temperatures do not rise 
above the 2 degree level

• 850 projects globally by 2030

• 2,000 MtCO2/year of storage

• Approximately 2.5 MtCO2/yr of 
annual capture capacity

• Power CCS: 950 GW by 2050 
and more than 200 GW by 
2030 – dominated by coal CCS

• Gas CCS: 285 GW by 2050 
and ca. 80 GW by 2030

• Majority of the capture 
capacity in 2030 is driven 
by the coal industry 

• The UK could be a key 
player in developing gas 
CCS globally
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SOCGEN: FINANCING LARGE SCALE INTEGRATED CCS DEMO 
PROJECTS
The North American and European CCS markets are driven by economics and 
policy respectively

Societe Generals have carried out an 
extensive survey of financial institutions 
involved in key CCS markets

Their report highlights that the majority of 
CCS projects in North America are driven 
by EOR and therefore the industry is based 
around economics of the underlying 
industry (e.g. gas processing and industrial 
applications etc.) and revenues earned 
from products produced

The European CCS sector in contrast is 
driven predominantly by CO2 reduction 
targets and therefore projects rely heavily 
on subsidies and other policy measures to 
support the economic viability of projects

These diverging environments, Societe
Generale suggest, serve to explain the 
large difference in the absolute number of 
operational projects in North America and 
Europe 

Large-scale CCS projects in the Operate and 
Execute stages by storage type, 2014 (GCCSI)
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SOCIÉTÉ GÉNÉRALE: FINANCING LARGE SCALE INTEGRATED 
CCS DEMO PROJECTS
There is substantial liquidity available to energy projects in general

As far as Société Générale are aware there are currently no examples of commercially financed CCS 
projects, however they have reported as part of their survey what sources of funding would be 
available and assessed what it would take to access these financing institutions.

The following sources are expected to play a key role in financing the CCS industry:

– Export Credit Agencies (ECAs): Available in the form of guarantees and direct funding for CCS 
projects. Access would depend on how equipment and other services are sourced from countries 
with the best available ECA support

– Multilaterals: For example the European Central Bank (ECB) which has in the past supported the 
off-shore wind sector by committing large amounts of debt to support financing packages in excess 
of Eur1bn. These sources can have geographical limitations

– Commercial Banks: In 2013 approximately $120bn of project finance was raised for energy 
related projects excluding oil and gas

– Other sources: Energy infrastructure projects have traditionally been able to access capital 
markets in Europe, Asia and the Americas. This has typically been for regulated and well 
understood risk profile type projects which in Societe Generale’s view does not currently include 
CCS.  However various forms of credit enhancement schemes may able to transform this picture.
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SOCIÉTÉ GÉNÉRALE: FINANCING LARGE SCALE INTEGRATED 
CCS DEMO PROJECTS
The key challenge for CCS projects is to structure their risk profile

Currently by far the most significant barriers to accessing commercial financing are interrelated 
issues of technology, integration and viability with frequent reference to:

– ‘White Elephant Risk’ – what if it doesn’t work?

– Performance – what if it doesn’t work as well as expected?

– Cost – What if capital and or operating costs are more than expected?

– Government or public support – how much and is it sustainable?

The challenge for CCS projects is to structure an acceptable risk profile for financing by allocating 
risks to those best able to take the risk, whether this be sponsors, insurers, financiers and in some 
cases, particularly for early projects, the government

Another crucial aspect is the creating of confidence in long term policy and preserving the underlying 
regulatory and financial support for the industry
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