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EXECUTIVE SUMMARY
Availability of CCS for large-scale deployment is thought by many to be a fundamental
building block for decarbonising the UK (and global) economy. Reducing its cost is
therefore vital to success in reaching the UK’s climate targets. Ways to achieve such a
reduction have been estimated previously by many reputable institutions, most notably the
UK CCS Cost Reduction Task Force. This report takes a deeper investigation into the
mechanisms that would secure those cost reductions by analysis of specific roll-out
scenarios in the UK, using both realistic capture projects and storage sites. The findings
support previous work in the area – while early CCS projects will be expensive due to their
smaller size, engineering prudence and risk averse commercial and financing
arrangements, there is clear potential for individual CCS power projects to have lifetime
generation costs below £100/MWh by the late 2020’s. It should be noted however that,
while large cost savings are identifiable the absolute cost figures remains subject to
significant uncertainty not least due to future market prices for key commodities.
The primary route to that cost reduction is a steady approach to development, getting
economies of scale and maintaining a skill/knowledge base while also allowing time for
learning and risk reduction from previous generations of CCS to feed-through into future
projects. Such cost reduction necessitates sufficient visibility in the policy framework for
timely CCS projects to come forward. Specifically, the approach to infrastructure
development appears highly important, driving cost reduction through efficient use of large
shared pipes and storage hubs. UK and global learning is also required to give lower
capture costs at new plant, driven at least in part by public and private innovation and R&D.
While the eventual financing arrangements and hence cost of capital for new CCS plants
is inherently uncertain, both of these factors would also be expected to reduce the cost of
capital significantly. However, questions must remain as to suitable risk allocation and
liability sharing in the various CO2 transport and storage contracts required to attract
sufficient finance to the CCS industry.
We conclude that cost reduction to below £100/MWh by 2030 is achievable with a CCS
programme of 4 GW (if a single technology is pursued at a single cluster), or up to 7 GW
(if UK pursues two CCS technologies, and/or multiple fuels at multiple clusters) deployed
steadily over time, using initially oversized pipes and stores. More deployment may be
appropriate if CCS costs turn out as more competitive than other low-carbon technology
options, but may not be expected to drive significantly quicker cost reduction. To avoid a
hiatus in the industry and a potential loss of momentum and skills (which would lead to a
cost escalation), there should be no significant gap prior to the second phase of projects,
requiring that CfDs are made available before 2020.
Table 1 – Cost reduction pathway by roll-out stage, saving mechanism and driver
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POTENTIAL CCS COST REDUCTION MECHANISMS:
FINAL REPORT SUMMARY
The need for low cost CCS in the 2020’s: Project context by the CCC
Access to CCS for large-scale deployment is well-established as being an important part
of scenarios for decarbonising the UK (and global) economy. Assuming it can be
commercialised, it is likely to be a crucial part of the low-cost path to decarbonisation in
the UK with estimates by the ETI suggesting that carbon abatement costs by 2050 would
double in the absence of CCS deployment. It is the only credible low-carbon option in
some areas of industry, and for flexible mid-merit power generation, and can compete in
other areas such as baseload power generation to reduce overall costs. It also provides
the potential for negative emissions if used in conjunction with bioenergy and can open up
other decarbonisation pathways (e.g. based on hydrogen). Developing the technology and
reducing its costs is therefore vitally important to being on the low cost path to meeting the
UK’s climate targets.
The challenge is to drive costs down without imposing excessive costs on consumers.
Success in driving down costs entails avoiding deploying large quantities of a technology
before cost reductions have been achieved, while moving fast enough to sustain learning
rates. For example, moving too slow could result in loss of skills and slowing supply chain
developments, and a minimum amount of deployment is likely to be needed to support
multiple players in the supply chain, in turn driving innovation.
Four primary cost reduction drivers are identified in the report:
1.

Deployment of CCS in the UK, particularly where this deployment is stable, visible
and deployed strategically to lower costs;

2.

Specific actions that will improve the attractiveness of CCS in the UK through a
more favourable approach;

3.

Global CCS deployment but with no specific CCS development in the UK; and,

4.

Active global innovation and R&D either through private and public programmes.

The report considers each of these cost reduction drivers, their relative importance to
driving down costs and the mechanisms by which the cost reductions occurs. From this
basis it is possible to develop guidelines for how best to encourage CCS in the UK at
minimal cost to the consumer.
The report is a summary of the output from a project conducted by Pöyry Management
Consulting and Element Energy for the Committee on Climate Change in Autumn 2014
and Spring 2015 on the potential cost reduction mechanisms for CCS in the UK.
Note on the value of CCS: Throughout this report we refer to cost reduction on the
basis of a levelised £/MWh impact on low carbon power production. However, we
note that the development of a CCS programme has a potential significantly greater
value in the context of economy-wide decarbonisation (e.g. opening up option of
decarbonising heavy industry, routes to hydrogen-economy etc.). These benefits
are considered in economy-wide scenario development by the CCC.
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Significant CCS cost reduction is credibly deliverable in the UK
through sharing of infrastructure, technological improvement,
reducing cost of capital and maximising EOR opportunities
Early CCS projects will be expensive per unit of electricity generated, due to their smaller
size, engineering prudence and risk averse commercial and financing arrangements. The
scenarios examined in this project, based on evidence from bottom-up engineering
estimates1 developed from the UK CCS CRTF estimates and consistent with a wide range
of studies, show the clear potential for individual CCS power projects to have lifetime
generation costs below £100/MWh in the 2020’s.
While early observers of the CCS industry focused on cost reduction arising from
technology learning curves (akin to other new technologies), the UK CCS Cost Reduction
Task Force (CRTF), an industry-government collaboration that reported in 2013, also
identified the importance of CO2 Transport & Storage development and commercial and
financing structures. These themes continue in this project and based on discounted
cashflow analysis of realistic potential projects from ongoing work with the Energy
Technologies Institute, there are four main mechansims2 projected to drive down the
future costs of CCS in the UK:
1.

Minimising transport and storage costs through efficiently scaling and then loading
the CTS infrastructure

2.

Technology based learning curves reducing costs as a result of deployment of a
programme of CCS projects

3.

Facilitating lower cost forms of financing both through falling equity hurdle rates and
the greater availability of lower cost debt finance as risks are better defined and
understood.

4.

Additional benefits from using CO2 to help develop Enhanced Oil Recovery (EOR) in
the Central North Sea (CNS)

1

We note that engineering estimates for new technologies are inherently uncertain and presuppose various unspecified improvements/integration benefits and the overcoming of
barriers. We also note the possibility that costs for certain components could rise rather than
fall, at least in the short-term. The estimates used here have been verified by a variety of
industry experts as part of the UK CCS CRTF project in 2012, and we aim to reflect these
challenges by examining the range of costs as part of this project.

2

These cost reduction mechanisms are separate but related to the four drivers noted above.
The drivers are the factors which we assume can be directly influenced by our actions. The
mechanisms are the routes by which the drivers influence the future cost of CCS. Each
driver may influence more than one mechanism and each mechanism may be influenced by
more than one driver.
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1. Minimising transport and storage costs through efficiently scaling and then
utilising CTS infrastructure
The CO2 transport and storage infrastructure required for CCS is capital intensive and the
first UK based projects will necessarily have to invest in the full chain of transport and
storage. However it is also subject to large economies of scale – costs can be reduced
quickly through scaling up and sharing of infrastructure between projects.
Britain has some of the most advantageous CO2 storage potential of any country in the
world, and building appropriately oversized Transport and Storage infrastructure in the
early stages of the industry will provide the option to build out at low cost in the future.
The economic benefit of the oversized infrastructure will be maximised if it is then filled
relatively quickly with additional sources of CO2.
The challenge is how to ensure delivery of follow-ons and avoid stranded assets – if large
pipes and stores are built but then remain largely empty, the decision to oversize them is
much less economic although in absolute terms this is not too onerous. Developing spare
capacity sufficient for the next ~5 projects (or capacity in the range 10-20mt) seems to
balance the risks that the large pipeline is not filled, or that the storage develops
problems, and the even greater economies of scale if perfect foresight was available.
A program of CCS projects capturing ~15MtCO2pa (equating to 6GW of gas CCS or 3GW
of coal CCS operating at baseload) and transporting it through large shared transport and
infrastructure could deliver average cost reductions of £20/MWh for gas and £35/MWh for
coal compared to small 1-2mt projects developing individual pipes and stores. The
eventual cost of transport and storage falls to < £20/MWh, consistent with a wide body of
evidence on CCS including UK CCS CRTF, ZEP, DECC and current CCC cost estimates.
Oversizing of pipes and stores, while potentially efficient in the long-run, loads costs up-front
and, due to discounting, means average costs will increase if they stay unfilled for a long
time. We should therefore look to constrain the developed clusters to those that can be
reasonably filled in the foreseeable future. Taking the two proposed Commercialisation
Programme projects as a starting point (assuming they are successful) implies a minimum
of two hubs in the UK. Alongside natural economies of scale cost-reduction, it should be
noted that accessing existing operational storage in particular should provide greater
certainty to the whole chain in terms of operability and shorter lead times, decreasing wholeproject risk. In that regard, oversizing the pipelines and storage initially and then building in
a small number of clusters also serves to maximise the value of operational infrastructure.
Assuming a high level of utilisation is achieved, these cost reductions are available with a
relatively high degree of certainty (compared to mechanisms like technological learning
curves), and by their very nature cost reductions are specific to the UK (i.e. reliant on UK
deployment and accrues principally in the UK). Importantly, this cost reduction
mechanism is already being recognised by DECC and the short-listed Commercialisation
Programme projects are proposing to develop at least some transport and storage
elements scaled sufficiently for potential use by future projects.
Development of hubs is widely recognised as a much lower cost approach to T&S –
whatever the eventual policy landscape – the oversizing of key trunk pipelines and the
timely development of shared storage infrastructure are crucial for cost reduction and
must be encouraged. However, there is some evidence from recent work by both the ZEP
and The Crown Estate, that the current approach to transport and storage of CO2
(particular outside of the competition projects, where no significant capital grant is
available) could have a tendency to encourage only point-to-point connections or be
reliant on the state to ‘intervene’ to encourage oversized infrastructure (or encourage the
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efficient use of infrastructure in existing hubs) whenever market failures appear. There is
therefore a policy risk introduced for projects to anticipate the preferred government 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.
2. Technology based learning curves reducing costs as a result of deployment of a
programme of CCS projects
Early stage CCS projects (often referred to as Zeroth of a Kind or ZOAK) will have high
per unit costs due to the small overall capacity, engineering prudence and the small
existing supply chains for many components3 of a CO2 capture plant. Costs can be
reduced over time through learning curves: the exploitation of gradually lower cost and
more efficient CO2 capture processes; process integration; accessing economies of scale
at the capture plant as risk perception falls and supply chain efficiencies in contracting,
specialisation, and standardisation.
In line with work conducted by the UK CCS CRTF, and by the IEA and OECD amongst
others, our analysis suggests a steady roll-out of plant with a support mechanism that
allows for progressively larger projects to be developed is required if the full benefits of
technology learning curves cost savings are to be realised in the UK. 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 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.
Early ZOAK projects are likely to be small at around 300MW, with progressive scale up to
800MW at the ‘First of a Kind’ (FOAK) stage and 1200MW at full commercial, Nth of a
Kind (NOAK) stage. A programme of 3.5GW per CCS technology delivered over time
allows for 2 projects to be developed in each of the ZOAK and FOAK tranches (rather
than a stop/start roll-out) before NOAK is reached4. If multiple technologies are to be
developed, perhaps using different fuels5, this number would be increased to 7GW. This
highlights a further tension in the deployment pathway – developing multiple technologies
or multiple hubs increases the optionality in technologies choice and infrastructure but
implies additional roll-out (and therefore greater financial commitment).

3

Such as the large scale Air Separation Unit(s) required by an Oxyfuel plant or the absorber
and regeneration columns required in a post-combustion plant, both of which would require
scale up from current commercially available products.

4

It is noted that there is no one magic number for what constitutes a sufficiently continuous
roll-out nor is it guaranteed that two plants per stage will be sufficient (or alternatively
required) for cost reductions. The numbers indicated are thought to be a reasonable
judgement based on known describable cost reduction mechanisms and represent a project
commissioned on average every ~2 years in the 2020’s.

5

The pathways and work to date have focused on coal and gas based CCS, although
biomass based CCS is considered in the ETI Balanced Scenario due to its potential
importance in the future decarbonised energy mix. Lessons learned using gas or coal based
CCS should help significantly in future development of biomass based CCS – coal based
CCS may be particularly applicable in this regard due to the nature of the input fuel and the
potential ability to partly fire with biomass.
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A 3.5 GW (for one technology, rising to 7 GW if a range of technologies and fuels is
pursued) CCS program by 2030 therefore unlocks additional potential reductions of
~£20/MWh through lowering of costs at the generation and capture plant. These
reductions, even if a full CCS program is delivered, are however less certain than those
from better loading of the infrastructure – Government can only create the right landscape
for success rather than accessing cost savings directly. This 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 here – post-combustion coal and IGCC technologies in
particular are being proposed extensively elsewhere so there is no reason to think that the
UK must go it alone. This reduces the risk for the 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 has not been used directly in the UK. On balance
therefore, we suggest that the UK looks to encourage only a small number of technologies
where possible (i.e. does not specifically look to broaden the technology range tested), but
generally leaves the decision up to developers for which technology they wish to use.
The timing of cost reductions of this nature is hard to predict as they are based on
developments both in the UK and elsewhere, learning-by-doing and research and
development activities. As such the exact rate of these cost reductions is difficult to
predict and will rely on a number of incremental improvements taking place between
different projects rather than necessarily a smooth curve of improvement. However, some
lessons on timing are clear:
1.

short-term, great leaps forward in experience-led mechanisms cannot be expected
when CCS has long-construction times (~4-5 years construction with perhaps 10
years between conception and commissioning) . To move through three
construction and learning cycles for a particular CCS technology will therefore take a
minimum of ~15 years from today with visibility of upcoming opportunities required
to ensure that sufficient concept projects are brought forward to allow a continuum
of projects to be available to develop6. Delays is this process will push learning from
later cycles beyond the 2030 time horizon; and

2.

in addition, a competitive supply chain, a skilled workforce or an engaged finance
sector – see section below – in the UK cannot be expected to develop and be
retained if development is restricted to only three plants in a 15 year period.

Not all elements of technology based cost reduction are UK specific – while skills, supply
chain development and capture plant economies of scale are at least to some extent local,
the UK is a much smaller component of learning curves7 for CCS technology as a whole.
Global innovation and R&D will be a key driver of capture technology improvement in
particular as well as an enabler of offshore CO2 led Enhanced Oil Recovery. Due to the
reliance of these projects on the success of those that come before, and to some extent

6

Visibility of future CCS opportunity is likely to be particularly important for storage as it has
such long development lead time from identification, to appraisal, to commissioning.

7

Such learning curves are a dramatic over-simplification of the large body of learning-bydoing and R&D being undertaken in public and private funded work that would undoubtedly
underlie the assumed technology improvements in CCS. Such learning will be blocky in
nature rather than continuous and the effort required from individuals and companies
towards such technology improvements should not be underestimated.
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on developments outside the UK, the scale and rate at which technology based costs
savings can be achieved is subject to a somewhat higher degree of uncertainty than those
for transport and storage utilisation.
As noted in the UK CCS CRTF and the 2012 Carbon Trust Technology Innovation Needs
Assessment (TINA)8, while promising breakthrough capture technologies are an important
component of that research, it is unlikely that ‘next generation’ breakthrough technologies
on the capture side will be available at scale by 2030. For this reason we expect costs
before 2030 be driven by incremental improvements in CCS technologies currently
developed up to a pilot scale. Beyond 2030, in the timeframe to 2050, innovation and
R&D (that will have taken place in the decades before) will be a much bigger driver of
ongoing cost reduction potential. The TINA work suggests that by 2050, capture costs
(ignoring fuel costs) could be reduced by 40% by 2050, through a prioritised innovation
programme of ‘hundreds of millions GBP’ in the next 5-10 years, leveraging 2-3 times that
in private sector activity.
Our analysis suggests that innovation and R&D as a driver could achieve up around 10%
of the total savings identified for CCS by 2030, equating to £5/MWh. However, we should
caveat this at is not clear that such cost reduction could be achieved in isolation of roll-out
as industry interest in CCS would be unlikely to continue. We would expect that to
achieve the full learning-curves presented here across all CCS technologies would require
significant global efforts in addition to a continued UK commitment – analysis of
component specific innovation curves by the US Congressional Budget Office, implies that
it may require 200-300GW of CCS to be installed globally by 20309. IEA scenarios for roll
out are consistent with the level of deployment and suggest that much of this CCS could
be expected to be installed in North America and China – this global commitment
requirement is particularly true if we are to see breakthrough technologies appearing at
commercial scale in the 2030’s which may allow costs to fall even further.
3. Facilitating lower cost forms of financing both through falling equity hurdle rates
and the greater availability of lower cost debt finance as risks are better defined
and understood.
Early CCS projects are expected have high rates of return requirements due to current
risk perception around CCS technology performance, technology cost and government
support. Falling costs of finance (both in terms of required equity and project returns) are
expected to occur through: the de-risking of the CCS chain through experience in
developing, constructing and operating CCS at scale in the UK; the development of a
critical mass of financial and insurance sector interest/involvement in CCS; and, the
development of optimal policy and support for each chain element as the sector evolves.
Estimates vary as to the required return rates for first projects, but both the UK CCS
CRTF and work conducted by Oxera in 2011 for the CCC assume required rates of
10-15% for the first projects. On that basis, the additional value of lower cost financing by
2030 could be ~£10/MWh for gas projects and ~£20/MWh for coal projects compared to
costs for single early stage projects financed with ~15yr CfDs. The primary mechanism by

8

We note that the CCS TINA is currently being updated by the Carbon Trust – we recommend
this updated report should be borne in mind when assessing detailed needs for CCS
innovation in the UK.

9

To put this in context, CBO estimate that installed capacity of coal fired generation globally
will increase by 1000GW between 2007 and 2035.
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which we would expect to see lower cost is through a de-risking of the CCS chain – this is
principally through the creation of a UK based track record in operational CO2 capture,
transport and storage. These experience benefits would be strongest where a hub is
created and a new project can directly access presently operational infrastructure which
has sufficient redundancy but would also be at least partly applicable outside of the hubs.
However, with CCS likely to require off-balance sheet funding, it is important that due
consideration is paid to the needs of financial institutions irrespective of the cost reduction
opportunity they deliver. Two current issues are particularly relevant: a refusal/inability of
financiers to accept long-term storage liabilities, and the perceived unacceptable financial
risks without some sort of fuel indexation in the CfD price10.
As this sector develops we would expect to see mechanisms for sector support evolve
over time to meet the changing needs of the sector (from the technology proving stage,
through scale up, to full commercialisation). This includes the potential development of
alternative funding mechanisms for transport and storage (as outlined above, and
particular where new clusters are developed) but also support for the CCS on non-power
sources. Such policy developments are part of the normal life-cycle of a sector and bring
benefits such as lowering the cost of finance, optimising uses of scarce resources (such
as proven storage or pipeline capacity) but also minimising the administrative burden on
government departments.
Once again, there are important aspects of timing that point to the need for a steady
programme of capture projects and evolving infrastructure rather than a wait-and-see
approach on demonstration. One 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 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 reasonably strict covenants due to the strong risk
profile. The debt terms would also be relatively high to reflect the early adopter premium.
The number of banks operating in this space is small. 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 lead banks. This widens
the liquidity in the market (and experience/skills base of the project finance teams) for the
transactions and inevitably leads 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, momentum is lost as deals are seen as “oneoffs” rather than part of a growth sector.

10

Addressing these issues is likely to be a primary concern for the first projects, and a
resolution of these types of hurdles would be a key outcome of the ongoing CCS
Commercialisation Programme negotiations as the approach taken is likely to impact on
future industry development. For example the assigning of very long-term liabilities to
government is often discussed as a key step to allow the insurance industry to better
address the remaining operational and post-operational storage liability issues. These points
form part of a supportive background of ongoing government actions.
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There are several historical examples of this cycle in the UK – CCGTs (particularly during
the 1990’s dash for gas), onshore wind and most recently, offshore wind. With European
offshore wind, the stuttering start 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 the offshore sector compared to just 5 in the early
days of project financing.
The process of cost reduction from finance will therefore likely develop hand-in-hand with
developing the supply chain and other shared infrastructure as long as there is a minimum
flow of projects11. We note that visibility of this future opportunity pipeline will be required
for supply chains (both physical and financial) to commit to the required sector expansion.
However, the speed by which these cost reductions will be realised is again uncertain and
the government role is to set the correct structure and then allow the market to develop.
4. Additional benefits from using CO2 to help develop Enhanced Oil Recovery
(EOR) in the Central North Sea (CNS)
As yet, CO2 led EOR in the CNS is yet to make significant progress, but the UK CCS
CRTF, and many other institutions have highlighted potential for additional revenue to
accrue to CCS projects from such schemes.
EOR opportunities are dependent on a flexible, reliable flow of CO2 to the oil field(s) but
could decrease costs by a further ~£7/MWh for gas CCS and ~£15/MWh for coal. In
North America, where CO2 is used in onshore fields it is common practice to directly sell
the CO2 over the fence to the oil company and create a revenue stream for the CO2. At
the Boundary Dam CCS project in Canada for example, we see estimates of $20-25/tonne
for the sale of CO2 to the Weyburn oil field.
The timing of the CCS projects will have to align with oilfield life, but estimates by Element
Energy and the SCCS amongst others suggest that significant volumes of EOR
opportunity (>5mtCO2 pa) will be available in the CNS in the 2020’s. Accessing these
revenues as a means to offset costs will involve additional complexities and uncertainties:
the EOR process technically; the underlying market price for oil; and the applicable tax
regimes. Only some of these are influenced by policy or government actions and as such
the scale of cost reductions from EOR has to be considered relatively uncertain.
Taken together the cost reduction mechanisms create a significant opportunity to bring
down costs for future CCS projects if the right conditions exist in the UK. The value
ascribed to each mechanism depends on the cost of FOAK and NOAK plant, as well as
the assumptions we make about our start point (the “baseline”). Figure 1 shows the cost
reduction opportunities for gas and coal based projects commissioned between 2020 and
2030 under two high roll-out scenarios for UK based CCS. The figure shows two 2020
baselines: one where initial plants pay for the minimum required infrastructure (Min T&S),
and one where they pay for oversized infrastructure upfront (Extra T&S). FOAK and
NOAK costs include their share of the costs of an oversized pipe. Incorporating the full
cost of oversized infrastructure in baseline projects understandably leads to higher
baseline costs. However, it also follows that there would be greater potential for cost
reduction from T&S sharing such that NOAK project cost estimates are unchanged.

11

It is once again noted that no single number designates a sufficient’ project flow, but a stopstart regime, e.g. where 1 contract is awarded every ~5 years appears insufficient. Here, we
indicate a project commissioning every 2 years in the 2020’s as a reasonable minimum.
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Figure 1 – Relative scale of cost reduction mechanisms for gas and coal based
CCS12 (£/MWh, real 2014 money)

Sources: Capex, Opex, Technical assumptions – UK CCS CRTF, 2013 Report (Onshore); Element Energy (Offshore).
Commodity prices – DECC September 2014 Update (prices rising in 2030 to: gas 76p/therm, coal: $103/t, CO2: £78/t).
Scenario characteristics – ETI CCS sector development scenarios report, 2015. All technologies with 90% CO2 capture rate.

12

In this example, Oxyfuel coal projects are assumed to access additional EOR revenue, while
gas CCS projects are not. In reality no reason why gas CCS should not benefit from EOR if
available – absolute value of EOR likely to be ~50% of that for coal due to lower CO2 content.
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A steady roll-out of a significant capacity of UK based CCS leads to
the greatest and most reliable cost reduction
‘Ideal’ evolution of the CCS industry strikes a balance between reducing costs quickly,
developing an infrastructure that has longer term potential to capture and store more CO2,
and creating learning opportunities for technologies to progress through cycles of learning
for CCS (ZOAK to FOAK to NOAK). However, the dynamics of these factors is complex
and somewhat contradictory. Learning and risk reduction benefits require a sequential rollout of projects and operational experience to maximise cost reduction. Achieving high
infrastructure utilisation and supply chain development would suggest that maintaining
momentum via a rapid expansion of parallel projects is the most effective route to lower
costs.
Taken in the round we suggest that:



the likely deployment of projects required to deliver cost competitive CCS below
£100/MWh is 4-7GW by 2030 based around a small number (~2) of clusters that can
share infrastructure. This should include a steady roll-out with multiple plants
deployed in each phase rather than a stop/start development if benefits are to be
maximised. Consistent with this, new projects should be able to progressed on a
continuous rather than phased development basis with support available for
additional projects to reach FID pre-2020. Under these deployment levels by 2030
the estimated power generation costs of new CCS projects for the most cost effective
CCS technologies are £90-100/MWh with a total capital expenditure of ~£15bn and
payments under the LCF of ~£1.5bn per annum in 2030.



Scenarios that incorporate more rapid progress (up to a level of 10GW) have been
identified elsewhere as potentially achievable and desirable due to their increased
optionality for industrial emitters, greater geographical spread, lower storage area risk
and the opportunity to test more capture technology types. Depending on the
progress of other decarbonisation technologies, it may be the case that additional
CCS deployment above 7GW by 2030 is also desirable to bring us closer to the cost
optimal pathway to 2050 energy system decarbonisation. This issue has been
discussed elsewhere, not least by the CCC, ETI and UKERC, but such energy
system modelling falls outside the scope of this work. The higher roll-out scenarios
are consistent with achieving £100/MWh earlier in the 2020s, then with ongoing
deployment of low carbon generation in the rest of the decade at low cost to
consumers and further driving the technology towards maturity. Total capital spend in
these scenarios is £20-30bn (depending on which roll-out path it taken) with an LCF
spend of £2.1-3.2bn in 2030 (where higher cost scenarios give greater optionality by
testing more technologies and developing more hubs). However, it is not clear exante that going beyond 7 GW to 2030 would unlock significant further cost reductions
for the marginal CCS plant given both the need to complete a previous phase before
full learning can be incorporated in the next phase, and natural limits around
accessible economies of scale.



Our analysis suggests that if only two demonstration projects with no oversized
infrastructure and no follow-ons are developed then the cost of new CCS projects in
the late 2020’s will remain at £140-150/MWh as little cost saving occurs. If the
government pursues this approach but still wants to maximise the opportunity to
achieve some (but not all) of the cost reduction outlined in higher deployment
scenarios it appears crucial that funds are made available to independently develop
strategic infrastructure. This should go hand in hand with any innovation funding
made available to replace lost private sector R&D. Although such an approach would
have a lower overall spend to 2030, it would of course require additional capital
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funding without directly associated build of low carbon generation capacity. It would
also appear to be an uncertain strategy for cost reduction as it significantly curtails the
ability of the private sector to contribute to cost reduction and instead relies on
government funding driven breakthroughs occurring in a technology not being widely
used in the UK. Finally, it should be noted that this very low level of CCS ambition
would raise serious questions over whether future projects could be delivered at scale
given potential loss of financier interest and loss of UK based skills.
There are some important nuances in this roll-out argument: the mismatch of lead times
for developers in each part of the value chain is a significant barrier to them acting
collectively, particularly to develop multiple source and sink hubs. A good example is
storage appraisal – lead times suggest it needs to take place well before capture plant
development, when there will be no guarantee of future capture projects taking FID (while
capture plants bear high risk if they take FID without fully appraised storage). From a
location perspective whilst one hub maximises early economies of scale, at least two
storage hubs appear desirable to maximise the opportunities for low cost storage in the
SNS (with access from continental Europe) with optionality for EOR in the CNS.
As an illustration, a timeline and map are shown below of the potential development of a
scenario with two initial Commercialisation Programme Projects, a ~6GW roll-out of CCS
by 2030 and a continuous development of projects. This analysis is adapted from the ETI
CCS Scenario Development work that was used as a starting point for this project. It can
be seen that two additional capture projects take FID pre-2020 with urgent additional
funding, either public or private, provided for additional CO2 storage appraisal above that
developed from the first two CCS Commercialisation Programme projects.
Figure 2 – Illustrative timeline for CCS development: 6GW scenario

PÖYRY MANAGEMENT CONSULTING

April 2015
CCC_PotentialCCSCostReductionMechanisms_FinalReportSummary_v500

13

POTENTIAL CCS COST REDUCTION MECHANISMS: FINAL REPORT SUMMARY

Given recent global developments, a wait and see approach is
possible but unlikely to drive sufficient cost reduction for UK CCS
It has been argued that UK could wait for technological learning in other countries (either
through roll-out or through R&D) to reduce the capture costs before embarking on
deployment. To consider the merit of this argument we have further categorised the likely
drivers of each of the four main cost reduction mechanisms (based on the descriptions of
how they will operate) and have assessed the ability for cost reduction to be driven in four
ways:
1.

Global deployment of CCS but with no specific CCS development in the UK;

2.

Active global innovation and R&D either through private or publically funded
programmes;

3.

Actions to improve the attractiveness of CCS in the UK through a more favourable
approach (but not specifically reliant on UK CCS roll-out) as the sector evolves;

4.

Specific UK based deployment of CCS, particularly where this deployment is stable,
visible and deployed strategically.

This high-level split of cost reduction effort is illustrated in the tables below for gas and
coal based projects between now and 2030 under two high roll-out scenarios for UK
based CCS.
Table 2 – Cost reduction pathway by roll-out stage, saving mechanism and driver

Our analysis suggests that global CCS roll-out and continued R&D (either in GB or
elsewhere) could be an important for cost reduction in the UK – in particular capture
technology development achieved elsewhere can be applied in GB and vice versa.
However, international development alone will not enable cost reductions on the scale
desired: the analysis suggests that 70-75% of the cost reduction is likely to be attributable
to UK based actions – either through roll-out of CCS capture, transport and storage
infrastructure in GB or through improvements in the UK support structure for CCS
occurring over time.
Uncertainties: Finally, we recognise the considerable uncertainties in the starting
level of CCS costs (the early projects) and the rate at which learning could occur
(indeed, costs may go up before they can come down). While such uncertainty is
part of the picture, and indeed should be incorporated into policy making
decisions, we do not believe it detracts from the conclusions as to the factors
driving cost reduction.
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The following supporting actions and policy recommendations are
highlighted to maximise cost reduction opportunities for CCS
We reiterate the conclusions of the UK CCS CRTF and previous CCC studies (amongst
many others) that the single most important driver for the successful reduction in the cost
of CCS in the UK is the 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 the successful deployment of the 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 we assume that such issues will be resolved satisfactorily for
future participation of private sector developers and financiers to continue their interest in
the CCS sector in the UK.
Notwithstanding the above we conclude that reducing CCS costs below £100/MWh is
achievable by 2030 through: a UK programme incorporating a steady roll-out of around 47 GW by 2030 without waiting for 5+ years after the Commercialisation Programme
projects’ FID before taking key development decisions on additional projects; suitable
strategic choices on infrastructure sharing such as the oversizing of key trunk pipelines
and the timely development of shared storage infrastructure; and, continued broadening of
collaboration efforts with international partners to maximise cross-learning opportunities.
Key Policy recommendations
Based on the above we would suggest the following policy recommendations as a priority:



Prepare for and visibly commit to Phase 2 projects taking investment decisions
quickly once the first commercialisation programme project (s) progress in order 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 (a necessary
step in cost reduction). Given the range of uncertainty in CCS technology costs,
there is no clear winner as yet so future phases of CCS funding should be kept
technology neutral although building on the technology developments of previous
CCS projects should be encouraged.



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 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 build/use 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.



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. It should also be noted that the 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.
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The underlying cost and performance of CCS projects are still uncertain. This means
that 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 (and monitored as new information becomes available).
Probabilistic analysis conducted by ETI of the Net Present Value of developing CCS
suggests that, on balance, the costs of this early commitment 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.
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