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Disclaimer

The content of this deliverable does not reflect the official opinion of the European
Union. Responsibility for the information and views expressed herein lies entirely with
the author(s).

This deliverable has been prepared by Element Energy. Whilst every effort has been
made to ensure the accuracy of this report, neither Element Energy nor the European
Union warrant its accuracy or will, regardless of its or their negligence, assume liability
for any foreseeable or unforeseeable use made of this report which liability is hereby
excluded.
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Terminology

This deliverable focuses on Carbon Capture and Storage (CCS) however in the UK the
acronym CCUS is often adopted in government published documents, to reflect the
option for Utilisation and/or Storage (following Carbon Capture). This deliverable,
therefore, uses both CCS and CCUS to refer to carbon capture with permanent geological
sequestration, with the choice of acronym reflective of the terminology used when
reference documents or policies were published. The authors note that in other
literature CCUS may be used to refer especially to the utilisation of CO, with storage,
however, in the UK context this distinction has not been adopted.

The UK government is developing commercial frameworks and policy instruments
aimed at supporting the ongoing operations of CCUS projects. These are referred to by
the UK government as CCUS business models, and their intention is to support CCUS
adoption through the creation of a business case that is acceptable to the industry. This
terminology has been adopted throughout the deliverable to align with published
government documents and policies, however, it may be better comprehended as
referring to commercial frameworks or policy instruments.

1 Introduction

The C*U Project & Deliverable Objectives

The C*U project is a Horizon 2020 funded programme that is working towards advancing
two CO; capture technologies through demonstrations at an iron and steel plant in the
North Sea Port, and detailed consideration of safety and environmental factors. In
addition to the successful demonstration of novel technologies, C*U is also focused on
investigating how these technologies may be adopted and integrated within industrial
clusters such as that of the North Sea Port. In this aspect, the project will look at both
societal readiness and public policy (work package 5, WP5) and the long-term business
models that may be used for successful CCUS adoption (Work Package 6, WP6).

This Deliverable (D6.2) summarises the outcomes from the second task conducted
within WP6 that aimed to investigate UK progress on CCUS and UK cluster projects and
identify transferable learnings for the North Sea Port cluster. This task was conducted
by Element Energy and the deliverable is titled: D6.2 Report summarising learnings
from the UK. The specific objectives for the task were to:

e Review past and current CCUS projects in the UK to identify learnings
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e Review business models proposed in the UK for industrial CCUS clusters

The findings will be used as a basis to inform the later business model development and
evaluation tasks within WP6 that will be conducted by Element Energy (lead) and
Radboud University.

The UK Context & Relevance

The UK expressed interest in developing CCS following the G8 summit hosted in
Scotland?! and the release of the IPCC Special Report on CCS? in 2005, with the ambition
of being an early demonstrator and global leader for an innovative technology of global
significance. The UK is well-positioned for the deployment of CCS due to the North Sea
which has numerous potential CO, storage sites, well understood due to the country’s
oil and gas legacy. As a result of this ambition, the UK has twice attempted to drive the
demonstration and commercialisation of CCS technology through funded competitions
(2007-2011 and 2012-2015) but failed, which delivers insights into both technical and
political challenges. In recent years, the development of CCS clusters with shared CO;
Transport and Storage (CO, T&S) networks has been growing momentum, with studies
conducted by the Climate Change Committee consistently demonstrating the need for
CCS in decarbonising the UK industry.

In 2019, the UK became the first major economy to adopt a legally binding obligation to
reach net-zero greenhouse gas emissions by 2050, following recommendations by the
Climate Change Committee. In 2020, the Climate Change Committee published its Sixth
Carbon Budget® advising that UK territorial emissions should be reduced by 78% from
1990 levels by 2035 and CCS technology would be key to achieving this. Subsequently,
the UK government announced its ambition to deploy two CCUS clusters by the mid-
2020s and two more by 2030, with the ambition of capturing 10 Mt CO; per year and
having 5 GW of low carbon hydrogen capacity by 2030.% In order to achieve this target,
the UK government announced £1 billion of funding and is developing commercial
frameworks (‘CCUS business models’) that will provide ongoing support for CCUS
projects.

CCUS projects in the UK are initially expected to be deployed around industrial clusters
— areas with large concentrations of industrial and power generation emitters - using a
shared transport and storage network. The UK has six large scale industrial clusters with

1 G8 Gleneagles 2005, Plan Of Action - Climate Change, Clean Energy And Sustainable
Development
2 |PCC 2005, Special Report on CCS
3 CCC 2020, The Sixth Carbon Budget — The UK’s path to Net Zero
4 HMG 2020, The Ten Point Plan for a Green Industrial Revolution
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emissions ranging from 3-10 MtCOz. in 2018. The locations of these are illustrated in
Figure 1.

Grangemouth
5.0 MtCOze

Teesside
3.9 MtCO:e

. Humberside
10.0 MtCOze

Merseyside
5.0 MtCOze

South Wales
8.9 MtCOze

Southampton
3.2 MtCOze

Figure 1: Location of industrial clusters in the UK with 2018 emissions.>

An investigation into the UK progress with CCUS is of relevance to understanding the
motivations, challenges, and support mechanisms for driving the deployment of CCUS
in industrial clusters and across various industrial sectors. Despite not having yet
successfully demonstrated CCS, the UK has developed a significant amount of thinking
around decarbonisation strategies and mechanisms for supporting CCUS deployment:

e The Climate Change Committee (CCC) regularly conducts or commissions
independent research into UK decarbonisation and acts as an adviser to the
government, for example on setting carbon budgets.

e The UK government has held competitions focused on CCS deployment which
have funded Front-End-Engineering-Design (FEED) studies. The outcomes of
these studies and learnings from the competitions have been made publicly
available.

e A range of funds and competitions have been established to support industrial
decarbonisation, including for the development of cluster roadmaps; innovation,

5 HMG 2020, Energy White Paper: Powering our Net Zero Future
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research, and development of technologies; and demonstration and
commercialisation of technologies.

e The UK government commissioned multiple studies into the policy framework
for supporting CCUS deployment.

e The UK government conducted a consultation with the UK industry on business
models for CCUS and developed expert advisory groups to support government
decision making.

e The UK government has recently developed and published its initial proposals
for CCUS Business Models and its plans for cluster sequencing for funding access.

e The UK can provide insights into the development of cluster projects, having a
large number of emerging CCUS projects driven by industrial consortiums, and
numerous companies having announced plans to deploy CCS.

The learnings from these activities in the UK can provide transferable insights that will
be used in the C*U project to guide the development of long-term business models that
could enable the deployment of CCUS in industrial clusters, such as the North Sea Port.

Task activities

The activities conducted as part of this investigation comprised a desk-based review of:

e publications on past UK CCS competitions, covering government
announcements, competition specifications, the National Audit Office lessons
learned, results from project FEED studies, and relevant press releases

e the latest information on current CCUS cluster projects, including project
websites, press releases, and published reports

e recent UK government research and proposals for CCUS business models, as
well as wider publications outlining decarbonisation strategies and objectives

In addition to this desk-based review, further activities included building the knowledge
of the project team via:

e webinars held by the UK Government, Innovate UK, and various emitters and
industrial clusters

e engagement with industrial cluster representatives

e in-house expert knowledge developed by Element Energy through previous work

The broader value of this task has been in increasing the knowledge base held by the
Element Energy C*U project team (WP6 lead) on the topics of CCUS cluster deployment
and business models for supporting CCUS. This deliverable presents a short summary of
some of the learnings obtained from these investigations. The deliverable document
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should act as a resource to highlight the information available with more in-depth details
presented in the original reviewed documents, included as footnote references
throughout.

2 Learnings from early UK CCUS projects & programmes

This chapter outlines early UK CCUS projects that emerged as a result of competitions
run by the UK government. The first section provides an overview of the two early
competitions, the next section goes into greater detail on specific projects within these
competitions, with further discussion and learnings presented in the final section.

2.1 CCS Commercialisation Competitions

The UK expressed interest in developing CCS following the G8 summit hosted in Scotland
in 2005. The UK subsequently attempted to drive CCS research, demonstration, and
commercialisation through two competitions, both of which provide insights into the
challenges of supporting CCS development.

The first CCS Demonstration Competition was launched in 2007 with a target of
demonstrating CCS on a coal-fired power station by 2014. At the time, demonstrations
on coal-power were thought to be of most global relevance, with the IPCC Special Report
on CCS focusing mainly on coal-fired power?. The Government’s spending review in 2010
allocated £1 billion in capital investment for the first CCS project, a limit that was later
deemed insufficient. Overall, the UK government spent £64 million on the competition
of which £40 million went towards funding two front-end engineering design (FEED)
studies aimed at reducing uncertainties in the proposed solutions. FEED contracts were
awarded to the Kingsnorth CCS project led by E.ON and the Longannet CCS project led
by the Scottish Power CCS consortium. The competition was later withdrawn by the
government in 2011 as a deal could not be agreed that would represent value for money
whilst being mutually acceptable to all parties. Therefore, neither project was granted a
contract to demonstrate their CCS solution, however, the findings from both FEED
studies have been made publicly available®. Figure 2 summarises the key events during
the first competition.”

The second competition referred to as the CCS Commercialisation Programme?® was
launched in 2012 with a focus on reducing the cost of CCS in the power sector such that
it could be deployed in the 2020s. The programme aimed to provide sufficient evidence

6 1st Competition FEED studies by E.ON on Kingsnorth and ScottishPower CCS Consortium on
Longannet
7 DECC 2012, CCS: Lessons from the competition for the first UK demonstration
8 DECC 2012, CCS Roadmap. Launching the CCS Commercialisation Programme
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for private sector electricity companies to take investment decisions to build CCS
equipped fossil-fuel power stations in the 2020s at an agreed Contract for Difference
(CfD) strike price, without government capital subsidy. The programme proposed to
offer capital of £1 billion to support practical experience in design, construction, and
operation of CCS alongside an operational subsidy in the form of a CfD. Two projects
received FEED contracts in 2013 with a total government expenditure of £100 million:
these were the White Rose project led by the Capture Power Limited consortium and
the Peterhead project led by Shell. The results of these studies have been made publicly
available. Funding for further development within the competition was withdrawn by
HM Treasury in its 2015 spending review® meaning neither project progressed to
demonstration.

9 BEIS 2017, CCS: the second competition for government support
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Figure 2: Overview of UK’s first CCS Demonstration Competition (2007-2011)’
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2.2 Overview of past projects

The UK government’s early competitions for CCS resulted in four CCS power projects
conducting FEED studies between 2010-2015:

First CCS Demonstration Competition (2007-2011)

Kingsnorth??

The Kingsnorth CCS project proposed to build two new 800 MW coal-fired power units
with an integrated commercial-scale CO; capture plant located at E.ON’s existing coal-
fired power station at Kingsnorth in Kent. The new units would replace two existing units
that were reaching the end of life and were due for closure. The demonstration project
would capture approximately half of the emissions from the new units, totalling 20
million tonnes of CO; over a period of 10-15 years, with CO; transported to the Hewett
gas field in the Southern North Sea via a proposed new 270 km pipeline. A FEED study
was conducted over 2010-2011 as part of the UK governments CCS Demonstration
Competition. E.ON withdrew the project from the competition in 2010 as timescales
were delayed and could no longer be aligned with those envisaged by the competition.
The reasoning for the withdrawal related to economic conditions, with the reduction in
energy demand in the UK that occurred during the recession giving a short-term
overcapacity of electricity generation.

———————E

Figure 3: Arial picture of the Kingsnorth Power Station!

10 E.ON 2011, Kingsnorth Carbon Dioxide Capture and Storage Demonstration Project - Key
Knowledge Reference Book
11 https://www.maritimejournal.com/news101/industry-news/subsea-gas-pipeline-planned-for-
thames-power-stations
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Longannet!?

The Longannet project was a proposal to build a CO, capture plant as a retrofit on
Scottish Power’s existing Longannet coal-fired power station in Fife, Scotland. The
project planned to capture 2 million tonnes of CO; per year, and transport it via existing
100 km pipelines to the Goldeneye gas field in the Central North Sea. The project was
led by the Scottish Power CCS consortium that included Scottish Power, National Grid,
and Shell. The project commenced a FEED study in 2010 under the UK governments CCS
Demonstration Competition, aimed at assessing what would be required to progress the
project through to construction from an engineering, commercial and regulatory
perspective. This study estimated project costs to be £1.2-1.5 billion, including £0.2
billion risk and contingency'3. Subsequent negotiations between the UK government
and the project developers to progress the project to the next development phase were
unsuccessful, as the project could not be funded within the UK government’s agreed £1
billion capital limit.” The government withdrew from negotiations as it could not agree
on a deal that would represent value for money.

Figure 4: Longannet power station 4

12 ScottishPower CCS Consortium 2011, FEED Close Out Report
13 ScottishPower CCS Consortium 2011, CCS Project Costs
14 https://www.powermag.com/uk-pulls-funding-for-flagship-longannet-ccs-demonstration/
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Second CCS Competition (2012 — 2015)

White Rose®?1>

The White Rose project proposed to build a new coal-fired power plant with an
integrated capture unit in Selby, North Yorkshire, with CO; transported via a 165 km
pipeline for injection in the Endurance aquifer storage site in the North Sea. The project
was being developed by a consortium of Drax, Alstom Power and BOC (known as Capture
Power Limited, CPL) in partnership with National Grid for transport and storage (T&S)
development. The gross capacity of the power plant was to be 448 MW with 2 million
tonnes of CO; captured annually. The business concept of the project was that CPL
would receive revenue from electricity generation at a pre-determined CfD strike price,
and the National Grid would charge system use fees for the T&S infrastructure. White
Rose was selected as a preferred CCS project within the UK Government’s CCS
Commercialisation programme and was awarded a contract to conduct FEED studies in
2013. The UK Government closed the competition in 2016 as capital funding for
successful bids was unexpectedly withdrawn by HM Treasury in the 2015 spending
review.

Figure 5: Artist impression of the White Rose project concept'®

15 White Rose project 2016, Full-chain FEED lessons learnt (commercial)
16 White Rose Carbon Capture and Storage (CCS) Project, Project and Funding update, 2015
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Learnings from the project acquired during the FEED study could prove valuable as a
new CCS cluster is emerging around the Humber cluster aims to use the same storage
site (see Northern Endurance Partnership in the next section).

Peterhead®?'’

The Peterhead project for the second competition proposed to retrofit a post-
combustion capture unit to an existing gas-fired power plant (385 MW gross) located at
SSE’s Peterhead Power Station in Aberdeenshire, Scotland. The project would capture 1
million tonnes of CO2 per year which would be transported through a converted 100 km
existing gas pipeline to the Goldeneye platform in the North Sea for storage in an
exhausted gas field. The project used insights from the FEED study conducted from the
previous Longannet project that investigated this same pipeline infrastructure. The
Peterhead project was led by Shell as a single developer, providing relatively unique
circumstances as Shell would deliver and control the full chain assets including storage,
had the financial capacity for 100% equity investment, and had a strategic interest in
CCS projects. The project received funding for FEED studies via the UK Government’s
CCS Commercialisation programme and planned to begin operations in 2020. The
project however was cancelled when funding for the next stages of development was
withdrawn by the HM treasury in the 2015 spending review and the competition was
closed.

Note that the Peterhead region was also considered for CCS projects following the
announcement of the first competition. BP had planned to spend £503m building a
hydrogen plant with CCS, storing CO> in the Miller Field in the North Sea.® However,
these plans were withdrawn following the release of the timetable for the government’s
financing competition, as BP considered the start date as being too far delayed requiring
uneconomic mothballing of the field*8.

17 Shell 2016, Peterhead CCS Project: FEED Summary Report for Full CCS Chainv
18 The Guardian, news article 25/05/2007: BP scraps £500m Scottish carbon capture scheme
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Figure 6: The original Peterhead Power Station CCS project concept®®

In April 2021, SSE announced the ambition to build a new gas-fired power station with
CCS at Peterhead, aiming to become operational in the late 2020s. The CO; emissions
would be stored in the Acorn CO; storage site, reusing infrastructure (Atlantic and
Goldeneye pipelines) previously investigated as part of the original Peterhead CCS
project?°,

2.3 Learnings and insights

The early UK competitions both produced detailed FEED studies with technical learnings
from projects, including detailed costings, storage site appraisals, interactions with
planning regulations, and learnings from the management of full-chain CCS projects.
These learnings have been welcomed by industry stakeholders and are highly valuable
for current CCUS cluster projects, particularly for those planning to use infrastructure
that has already been investigated. The competitions also provided wider insights into
how Government departments can facilitate CCS projects, how wider government
factors can impact these projects, and how the public may perceive CCS. These are
discussed below.

Government competitions

The National Audit Office published a review of both competitions” examining how they
were run by the respective government departments (referred to as “the department”

19 A Cotton et al, Learnings from the Shell Peterhead CCS Project Front End Engineering Design,
13th International Conference on Greenhouse Gas Control Technologies, GHGT-13, 14-18
November 2016, Lausanne, Switzerland
20 SSE website: Peterhead CCS Power Station Powering On For A Net Zero Scotland
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below), reasons for project withdrawal, and competition cancellation. Some of the
overarching challenges were that:

e The first competition was a challenging and high-risk project for the department,
which at the time was inexperienced with a project of this scale.

e The department did not engage sufficiently early with the commercial risks
involved and their consequences on cost. Limited importance was given to the
commercial viability of projects when assessing project bids, and the
department did not have a strategy to manage commercial risk. The
competitions highlighted the need for the government to bear more risks,
including those related to political changes, commercial risk, and CO; storage.

e In the first competition, the department did not properly consider the
commercial costs — the support was provided as governmental grants capped at
£1bn in total. This did not account for any fluctuation in the carbon price or the
implications of the EU ETS regulation and the associated uncertainties, as well
as the emerging competition with renewables. In future, more emphasis is
needed to understand the commercial proposition to the industry and the
return that industry is likely to make. A recommendation following the second
competition was that the government should ensure from the outset that it
understands the ability and willingness of CCS developers to carry certain risks.

e In both competitions, there was a lack of clarity on the government finance
available for projects. This impacted timeframes and added to commercial risks
for bidders. In the first competition, initial estimates of the capital requirements
for projects were significantly above the department’s capital budget for the
competition. Furthermore, the department did not agree with the full financial
support over the lifetime of projects (including operational subsidies) with the
Treasury, which led to the cancellation of the second competition.

e In both competitions, flexibility in the projects and negotiations was restricted
due to narrow specifications for competition qualification.

e In the first competition, the department was aware of significant risks
highlighted by external reviews but continued the competition without detailed
consideration of the probability of whether acceptable agreements with
projects could be reached. The opportunity costs and alternative courses of
action were not fully considered. The projects were later deemed to not
represent value for money leading to the end of the competition.

e The department did not clearly outline how the competitions would meet
government policy objectives, nor did it fully consider the alternatives for
meeting these objectives. The competitions highlighted the importance of clear
communication with the wider government on why demonstration and
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commercialisation programmes were necessary, justifying why costs for these
projects are more expensive than the established low-carbon technologies.

Alignment with decarbonisation strategies

A challenge faced with the early UK competitions was the lack of clarity on how
demonstration and commercialisation projects aligned with broader government policy
objectives and decarbonisation strategies. This made it difficult for the broader
government to assess the value of supporting the competition, led to uncertainty in the
availability of government financing, and increased the political risks for developers.

In the first competition, the focus was to demonstrate CCS on a coal-fired power plant.
At the time, this was deemed the technology with most global relevance and therefore
aligned with the UK Government’s ambitions to be a leader in the demonstration. The
increasing costs of natural gas from 2007-2009 also provided an incentive for the
continued use of coal. The projects are expected to operate under baseload conditions,
with the installation of capture technology impacting the ability for flexible supply.
However, the recession resulted in a drop in electricity demand and gas prices severely
impacting the business case for coal power and causing all plans for new build coal-
power stations to be shelved.

Average fuel receipt costs at electric generating plants (2000-2016) =
dollars per million Btu cla

10
forecast

natural gas

coal

—
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2010 2012 2014 2016

Figure 7: Historical coal and natural gas cost trends in the US showing a decline in gas costs beyond
20092

In the second competition, the focus was on demonstrating commercial viability for CCS
deployment in the electricity market in the presence of an operational subsidy
mechanism. However, the timing of the competition coincided with a rapid increase in

21 US EAI Analysis: Natural gas expected to surpass coal in mix of fuel used for U.S. power
generation in 2016
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electricity generation from wind and solar power.?? The operational subsidy
requirements for power CCS were significantly higher than those required for
renewables deployment. This led the broader government at the time to the conclusion
that the power CCS competition was not providing sufficient value for money. It was
later deemed that the benefits of baseload power generation were not sufficiently
communicated by the department, with uncertainties around the role of power CCS and
other power generation types, including nuclear.

Public acceptance

A review of public acceptance of CCS was not a focal point for investigation within this
deliverable and will be considered more extensively within later deliverables for WP5 of
the C*U project. However, when reviewing the learnings from early CCUS competitions
some points were noted on public acceptance. The continued use of coal-fired power
stations was a topic of controversy which faced notable public opposition in form of
protests, such as those at Kingsnorth Power Station in 200823 and Ratcliffe-on-Soar
Power Station in 2009%%. Climate activists were demanding that coal-fired power
stations be decommissioned in favour of more environmentally friendly options. In the
first competition, the plans for Kingsnorth involved building two new units of which only
half of the emissions would be captured. For the second competition, the Peterhead
project (retrofit gas-power CCS) made efforts to engage the local community and
provide transparency to the public. It was found that there was better public acceptance
of the retrofit project compared to greenfield proposals.

Figure 8: Climate activists invade Kingsnorth power station in 200825

22 |EA website: key energy statistics UK
23 https://www.theguardian.com/environment/2008/oct/29/kingsnorth-climatechange
24 https://www.theguardian.com/environment/2009/oct/17/ten-arrested-ratcliffe-climate-protest
25 Photograph by Will Rose (Greenpeace) distributed in The Guardian (29.10.2008)
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3 Overview of current UK cluster projects & CCUS plans

The 2018 UK Government Industrial Strategy White Paper identified the need for the
industry to decarbonise, and flagged that CCUS could be one way to achieve this goal.?®
In recent years, UK studies commissioned by the CCC have consistently demonstrated
the need for CCS in decarbonising the UK industry. For example, the Deep-
Decarbonisation Pathways for UK Industry?’ study by Element Energy for the Sixth
Carbon Budget, that followed previous work for the CCC 2019 Net Zero report. In 2019,
the UK became the first major economy to adopt a legally binding obligation to reach
net-zero greenhouse gas emissions by 2050, following recommendations by the Climate
Change Committee. In 2020, the Climate Change Committee published its Sixth Carbon
Budget?® advising that UK territorial emissions should be reduced by 78% from 1990
levels by 2035 and CCS technology would be key to achieving this.

CCUS projects in the UK are initially expected to be deployed around industrial clusters
— areas with large concentrations of industrial and power generation emitters - using a
shared transport and storage network. The UK has six large scale industrial clusters with
emissions ranging from 3-10 MtCO2e in 2018. At the end of 2020, the UK prime minister
outlined a Ten Point Plan?® for a Green Industrial Revolution that set out the UK
Government’s commitment to deploy two CCUS clusters by the mid-2020s and a
further two by 2030, with the ambition of capturing 10 Mt CO; per year and having 5
GW of low carbon hydrogen capacity by 2030. The announcement framed CCUS as an
exciting new industry that would “revitalise the birthplaces of the first industrial
revolution” creating transformative “SuperPlaces” and supporting up to 50,000 jobs.
The deployment of CCUS clusters is to be supported by the £1 billion CCUS
Infrastructure Fund and government developed business models that aim to increase
investors’ confidence and bring private investment into the sector.

Projects associated with industrial decarbonisation and CCS are supported by a range of
funds and competitions in the UK. These include support for:

e Research and development that is targeted towards advancing the technological
understanding, providing innovative designs, and minimising challenges for
technology progression. Recent funds have been granted to establish an
Industrial Decarbonisation Research and Innovation Centre (£20m) and to
develop greenhouse gas removal (GGR) technologies through an ongoing
competition (£100m).

26 UK Government 2018, Industrial Strategy White Paper
27 Element Energy 2020, Deep-Decarbonisation Pathways for UK Industry
28 CCC 2020, The Sixth Carbon Budget — The UK’s path to Net Zero
29 HMG 2020, The Ten Point Plan for a Green Industrial Revolution
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e Early deployment and commercialisation that targets post-concept project
phases such as feasibility, demonstration, and establishment of early CCUS
infrastructure. Existing funds include:

o CCUS infrastructure fund (£1bn)

o Industrial Strategy Challenge Fund: Roadmap and Deployment (£170m)
o Energy Innovation Programme (£1bn)

o Industrial Energy Transformation Fund (£315m)

e In addition, the UK has been part of the ETS trading system and is currently
developing a UK ETS system, that would encourage the decarbonisation of heavy
emitters.3° However, the carbon price threshold is currently not at a high enough
level to ensure commercial deployment of CCUS.

In 2021 the government finalised details of the Cluster Sequencing Process3! that will
determine the prioritisation of industrial clusters for funding in the 2020s. Clusters will
receive funding as part of two tracks (Track-1 and Track-2), with at least two clusters
being prioritised for funding by 2025. The government has released its planned
approach to Track-1 in which it envisages two phases of engagement with the clusters
and assessment of projects:

e Phase 1, duein early July 2021, in which the T&S infrastructure developer, called
“Cluster Lead”, submits information on the strategic aims, financials, stakeholder
engagement plans, and economic benefits of the clusters. This information
concerns both the T&S infrastructure as well as the emitters likely to connect to
the network.

e A second phase, Phase-2, commencing in August 2021, will focus on the
submission of proposals from individual projects and emitters, including
industry, hydrogen production, and power (including BECCS).

e The data will then be evaluated by the government and the outcome of the
Phase-1 will be announced in late October 2021, with a decision on Phase-2 likely
to be reached in early 2022, allowing Track-1 clusters to make final investment
decisions (FID).

e |n addition to the assessment of applications, the Government will hold both
interviews with the clusters and projects as well as targeted negotiations.

Further details on the process for identifying Track-2 clusters are expected to be
released in October 2021.

30 UK Government, UK ETS guidance
31 BEIS 2021, Cluster sequencing for CCUS deployment: Phase-1
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Figure 9: UK CCUS cluster sequencing timeline for Track-1 clusters.3!

This chapter describes various CCS projects being developed around industrial clusters
in the UK. These projects will likely be in competition to access early government funding
pathways.

3.1 Emerging projects in Scotland3?

Overview: Acorn is a project being developed and led by Pale Blue Dot in the North East
of Scotland. The project proposes to provide a low-cost CO, storage service by
repurposing oil and gas infrastructure and storing CO; in an open aquifer in the Central
North Sea. There are multiple potential storage sites off the coast of Scotland in the
North Sea, with several having been explored in past competitions. For the Acorn CCS
project, two potential stores are being considered: Acorn CO; Storage Site (with a total
storage capacity of 152 MtCO;) and East Mey (500 MtCO; capacity). The project plans
to start operations in 2024, with initial capture from St Fergus Natural Gas Terminal and
subsequent potential to provide storage services to the broader area. This would include
the planned neighbouring blue hydrogen production site (Acorn Hydrogen), other local
CO; sources (such as Peterhead power station), and potentially further afield emitters
via conversion of the Feeder 10 gas pipeline. This could allow the site to connect via
pipeline to the Grangemouth industrial cluster. It is expected that the site could also
receive CO; imports from elsewhere in the UK and/or from Europe via ship, commencing
in the mid-2020s. Recently the Acorn project also signed a memorandum of

82 Acorn project website and Element Energy analysis of public information
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understanding with Carbon Engineering for deploying Direct Air Capture (DAC) in
Scotland.
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Figure 10: Infographic of the Acorn project®?

Progress and support: Overall, the concept is mature, with the region having been part
of the previous UK CCS competitions and with Pale Blue Dot having experience in the
space for over 5 years. The project received £31m in the 2020 Industrial Strategy
Challenge Fund round. Project progress will be dependent upon the emerging UK CCUS
business models.

Further discussion: The Acorn project is reliant on emitters requiring the use of the T&S
network. Therefore, the project must achieve memorandums of understanding with
local emitters, similar to its agreement with Carbon Engineering. It is however expected
that there will be demand in the region for the network, with the pipeline to
Grangemouth providing an option for increasing the number of users and the diversity
of emitters lowering the political risks. The project increases its options for potential
network utilisers by opening the network to shipping imports from the UK and overseas.
These operations for CO; shipping could, however, face competition from other storage
projects, for example, the Northern Lights Project that has similar timeframes
(operational by 2025), and are also reliant on the construction of suitable transport
vessels. The reuse of existing pipeline infrastructure is likely to lower capital expenditure

33 Design and branding developed as part of the ACT Acorn project funded by the Accelerating
CCSs technologies (ACT) co-fund of ERA-NET under the Horizon 2020 programme
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but could lead to greater maintenance requirements and lifetime uncertainty that
increase the risk of network downtime.

3.2 Emerging projects in the North-East of England

Northern Endurance Partnership3*

The Northern Endurance Partnership (NEP) was formed in 2020 with the aim of
developing offshore CO, T&S infrastructure in the UK North Sea that could serve both
the Teesside and Humber clusters. The partnership was created by the Net Zero Teesside
and Zero Carbon Humber projects to jointly develop the Endurance aquifer - a well
understood large-saline aquifer in the North Sea. The partnership brings together a
group of oil and gas companies (including Eni, BP, Equinor, Shell and Total) alongside
National Grid. It aims to develop offshore CO, T&S infrastructure connecting the clusters
to the aquifer via an offshore pipeline network, with BP acting as the operator. The
potential capacity of this aquifer is around 450 Mt CO, with the potential to extend to
other nearby storage sites that could bring total capacity to 1,000 Mt CO..
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Figure 11: Plans for Zero Carbon Humber and Net Zero Teesside to connect to the offshore
infrastructure being developed by the Northern Endurance Partnership3®

34 https://www.netzeroteesside.co.uk/northern-endurance-partnership/
35 www.offshore-energy.biz/equinor-involved-in-the-first-net-zero-industrial-cluster-in-the-uk/
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The Humber cluster3®

Overview: The Humber cluster in North East England is the largest UK cluster in terms
of emissions. There are several emerging CCUS projects in the area, including capture
from blue hydrogen generation (Equinor — H2H Saltend), from refineries (Phillips 66 and
Linsey TOTAL), from biomass (Drax) and natural gas (SSE) power stations. The Humber
cluster is located close to multiple storage sites in the Southern North Sea and the region
has two separate CO; transport and storage initiatives: Zero Carbon Humber and V-Net
Zero Project.

e Zero Carbon Humber is a consortium looking to build onshore hydrogen and CO;
transportation infrastructure across the region. It plans to connect the cluster to
storage sites being developed by the Northern Endurance Partnership, in
collaboration with the Teesside cluster. The final investment decision for the
Zero Carbon Humber project is expected in 2023. Parts of the storage site have
previously been studied and characterised during the FEED study for the White
Rose project, as part of the second UK CCS competition.

e The V-Net Zero Project is a lower maturity project investigating storage in the
Viking and Victor fields developed by Harbour Energy, which have an existing
pipeline connection to the southern sub-cluster of the Humber via the
Theddlethorpe gas terminal.

Progress and support: The stakeholders in the Humber have been working on the cluster
decarbonisation since 2019 and projects have already secured £58m from the UK
Industrial Strategy Challenge Fund. Project progress will be dependent upon the
emerging UK CCUS business models.

Further discussion: The cluster plans combine industrial carbon capture from different
heavy industries and power emitters with wider industrial decarbonisation through the
production of low-carbon hydrogen. The plans also include CO; removals (CDR) through
CO; capture from the Drax biomass-fired power station. The availability of multiple
storage sites provides redundancy in case of failures and allows for future expansion of
the cluster, whilst the proposal to share the Endurance site with another cluster could
act to lower cross-chain risks and achieve economies of scale. These factors provide a
strong case for the cluster to be prioritised in the government's cluster sequencing
stages.

36 Zero Carbon Humber website, Humber Zero website, and Element Energy analysis of public
information
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Figure 12: The Humber Cluster could also connect to the Viking Fields via existing pipelines’

The Teesside cluster3?

Overview: Net Zero Teesside is a project that plans to bring CCS to the Teesside
industrial cluster in North East England, with the aim of creating the UK’s first net-zero
carbon industrial cluster. Proposals include the potential to capture CO; from new-build
natural gas-fired power plants, retrofit existing biomass and energy-from-waste facilities
with CCS (providing CDR opportunities), and retrofitting local industrial facilities with
CCS. CO; would be transported onshore via a shared CO; pipeline network. The Net Zero
Teesside project aims to store CO; in the southern North Sea by connected to offshore
transport and storage pipeline infrastructure being developed by the Northern
Endurance Partnership. It is anticipated that the project could be operational by the mid-
2020s and capable of capturing and storing up to 10 Mtpa of CO; by 2030.

Progress and support: The project is in the early stages of evaluation having begun in
2017, however, the concept of CCS in the region was previously considered in 2014. In
March 2021, Net Zero Teesside and its partners were awarded funding from the UK’s
Industrial Strategy Challenge Fund (£52 million) to develop CCS and hydrogen
infrastructure. Project progress will be dependent upon the emerging UK CCUS business
models.

Further discussion: The cluster includes a diverse portfolio of emitters (see Figure 13)
looking to connect to a CO, T&S network. The cluster itself is compact, which could
enable emitters to connect to onshore T&S more easily.

37 Image taken from ConocoPhilips, Decomissioning Programmes — Draft for Consultation
38 Net Zero Teesside project website and Element Energy analysis of public information
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Figure 13: lllustration of Net Zero Teesside®

3.3 Emerging projects around the Merseyside cluster®?

Overview: The HyNet North West project commenced in 2016 with the aim of producing
blue hydrogen to provide a decarbonisation pathway for the North West of England,
including the Merseyside industrial cluster. Blue hydrogen production at HyNet is
planned to commence in 2025 with CO; captured and transported for offshore storage.
It is expected that over 2 MtCO,/year will be captured directly from the HyNet hydrogen
production facility by 2030, with hydrogen being supplied to industry, transport, heat,
and power users in the region. Future developments could also include the capture of
CO; from other industrial emitters in the region. The initial storage site is expected to be
the Hamilton oil and gas field in Liverpool Bay, with plans to minimise development costs
by utilising existing pipeline infrastructure that is soon due to be decommissioned. In
the long term following further regional expansion, CO; could be stored in the larger
capacity of Morecambe Bay gas fields. The project is led by a consortium of Progressive
Energy, Cadent, CF Fertilisers, Eni UK, Essar, Hanson, INOVYN (part of the INEOS Group)
and the University of Chester.

Progress and support: The consortium is conducting its second phase FEED study with
a final investment decision expected in 2023. The North West Cluster received £8m in
funding as part of the government’s latest phase of the UKRI industrial decarbonisation
challenge to develop a comprehensive cluster plan. HyNet received £72 million in

39 Net Zero Teesside 2020, Stage 2 Consultation Display Boards
40 HyNet North West project website and Element Energy analysis of public information
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funding from UKRI industrial decarbonisation challenge (£33 million) and contributions
from the project consortium (£39 million).

Further discussion: The cluster plan relies heavily on blue hydrogen production. It
lowers risks by involving a diversified set of users, including the gas network operator
Cadent as a consortium partner, however, there are uncertainties around UK
government business models for hydrogen. The proposal to reuse existing infrastructure
should lower capital expenditure and avoid decommissioning costs, however, reuse of
infrastructure is associated with uncertainties in lifetime and potential for higher
maintenance requirements.
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Figure 14: lllustration of HyNet North West project proposal*!

3.4 Emerging projects around the South Wales Industrial cluster?*43

Overview: The South Wales Industrial Cluster (SWIC) deployment project aims for the
industrial cluster to be net-zero by 2040, and includes carbon-intensive sectors that are
likely to require CCS to decarbonise (e.g. cement and steel) (see Figure 14). The project
is being led by Costain and supported by a range of partner organisations across public
and private sectors, industrial and academic. Shell has partnered with SWIC to explore
CO; shipping for the project, as only limited capacities of geological CO, storage have
been identified in the South Wales region. This would be the first CO; shipping industry

41 CadentGas 2021, Press Release 17.03.2021
42 South Wales Industrial Cluster (SWIC) project website
43 Costain Press Release 17.03.2021
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operating in the UK, and possibly one of the first globally alongside the Northern Lights
project.

Progress and support: The SWIC project has recently been granted £20 million in
funding from the UK government following the successful completion of Phase 1
assessments. This funding will support Phase 2 engineering studies to explore
decarbonisation routes, including the production of hydrogen supply, carbon capture,
and CO; shipping. The UK Research and Innovation Institute (UKRI) has also awarded a
£1.5 million grant as part of their industrial decarbonisation programme.

Further discussion: Potential storage sites that have been identified for the region
include the onshore South Wales Coalfields and offshore storage in the East Irish Sea.
However, CO, shipping is currently being prioritised for development to provide
increased flexibility for CO, export.
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4 CCUS policy & business model proposals in the UK

This chapter discusses some of the initial business model thinking that was conducted
for the UK government after the cancellation of its second CCS competition. The chapter
then outlines the recent emerging updates on the structure of commercial frameworks
proposed by the UK government in 2020-2021.

Following the second competition, advice from advisory and taskforce groups
recommended that a part-chain business model approach should be considered in
which capture and storage components are separated. This would allow better
management of risks, development of shared infrastructure, and creation of investable
business models. The government thus commissioned two studies: one investigating
industrial carbon capture business models** and the other CO; transport and storage
models.* The conclusions of these are outlined below. Subsequently, the government
conducted a consultation with the industry and then began developing proposals for
business models that would support UK CCUS deployment.

4.1 Early research on business models (2017 — 2019)

4.1.1 Industrial carbon capture

In 2018, BEIS commissioned Element Energy and partners to identify the range of
business models that could incentivise cost-effective deployment and operation of
industrial carbon capture (ICC) technology in the UK.** The study considered the barriers
that were hindering the deployment of ICC and the business models (used in other
sectors and countries) that could have the potential to address these challenges and
drive cost reductions. The study involved consultations with stakeholders across
industry, government, finance, consultancy and academia through interviews and a
workshop. Criteria were devised for assessing the acceptability of potential business
models for industrial stakeholders and the government.

It was concluded that for a part-chain carbon capture business model to be acceptable
to the UK industry the following factors should be considered:

e Capital availability: The installation of CCS is facilitated by access to grants or
low-cost financing for the initial capital costs. The use of a revenue model that
improves investor confidence by lowering risks and providing revenue certainty
can allow access to lower-cost financing. Business models may also provide
capital financing directly or government-backed loan guarantees.

44 Element Energy for BEIS 2018, Industrial Carbon Capture Business Models
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e Revenue incentive: There should be a financial incentive to justify the additional
cost of capture compared to continued emission. Business models could provide
a guaranteed return on investment, financial support, or increased certainty of
demand.

¢ Industry competitiveness: The facility needs to maintain its competitiveness
against the unabated reference and carbon leakage needs to be avoided. This
may be achieved by compensating the facility such that production costs do not
increase or by providing a framework that allows costs to be passed on to
consumers without impacting competitiveness.

e Operational cost uncertainties: The costs of carbon capture and remaining
competitive are impacted by uncertainties in opex and fuel prices. The level of
incentive provided by the business model should account for these uncertainties,
such as by linking directly to incurred costs or through the use of ‘pain-gain’ risk-
sharing.

In addition, the impact of CO, price uncertainty on operational costs should be
considered, and it is preferable for the model to be simple to administer and transparent
for investors.

For the business model to also be acceptable to the UK government the above factors
should be balanced with the following considerations:

e Cost - efficiency: Efficient operations and cost reductions should be incentivised
in order to ensure the lowest cost to the taxpayer.

o Cost — pass on: In the long term, it is advantageous if costs can be passed on to
another party (such as consumers or other emitters) allowing government
subsidy to be removed and leaving a self-supporting market.

¢ Implementation: The existence of similar frameworks and the track record of
these should be considered. Ideally, models should be simple and quick to
implement, with timelines allowing for implementation in the 2020s, considering
legislative requirements. Any ongoing administrative complexity for the
government should be minimised.

In addition, the applicability of business models across different industrial sectors and
phases of deployment (scale-up and roll-out) should be considered.

A long list of potential business models was evaluated using a Red Amber Green (RAG)
assessment based on the above considerations as shown in Figure 16 below.
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Figure 16: RAG assessment of part-chain Industrial Carbon Capture business models against industry
and government acceptability criteria.**

Six models were found to be promising for addressing challenges and creating the
required value proposition. These shortlisted business models were recommended for
further investigation and are described below with an illustration provided in Figure 17.

Contract for difference (CO; strike price): The emitter receives payment for the
difference between an agreed strike price (in £/tCO; abated) and the market CO; price.
The quantity of CO; ‘abated’ is determined relative to an industry benchmark to
promote efficiency. The strike price can vary between projects and may either be fixed
for the duration of the contract or linked to operational costs.

Cost plus open book: The government directly compensates the emitter for all properly
incurred operational costs resulting from carbon capture (on an open book basis) and
pays the emitter an agreed upon return on any emitter capital investment for carbon

capture.
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Regulated asset base (RAB): The emitter recovers the investment costs of carbon
capture from consumers within a regulated environment. A regulatory body is required
and projects are evaluated annually. This model is mostly applicable in the case of
hydrogen production for blending into gas networks or industrial heat applications,
where cost recovery could be through consumer gas bills.

Tradeable tax credits for CCS: The emitter receives tax credits, corresponding to a
reduction in tax liability per tonne of CO; abated, that are then tradeable. This could be
combined with a government buy back guarantee, creating a carbon price floor.

Tradeable CCS certificates with an obligation: Certificates are awarded to emitters for
abating CO; and there is an obligation for parties to surrender a set number of these
certificates periodically, based on the size of their emissions. Certificates are freely
traded such that obligated parties without abatement may purchase certificates from
those with abatement. This is a market mechanism similar to the Renewables
Obligation. Government intervention may be required to stabilise the market through
the use of a price floor/ceiling.

Creation of a low carbon market: A guaranteed market demand for low carbon products
is created using interventions such as certification, public procurement, or regulation.
This allows low carbon products to remain competitive in the UK whilst charging a price
premium over unabated production routes.

Of these short-listed models, the CfDc on CO; price, tradeable tax credits, and tradeable
CCS certificates were determined to be broadly applicable across different industrial
sectors and across both the scale-up and roll-out phases.
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Figure 17: lllustration of short-listed business models for industrial carbon capture®*

Following this early investigation, the UK government took three of the short-listed
models forwards into its 2019 CCUS business model consultation with the industry.
These were the contract for difference on CO; strike price, the tradeable CCS certificates

with obligation, and the cost plus open book mechanisms. In addition, the government
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also consulted on separate business models for power CCUS, these were contracts for
difference style mechanisms based on electricity price rather than quantity of CO;
abated.

4.1.2 CO; transport & storage

In 2018, BEIS commissioned Pale Blue Dot* to define the range of part-chain business
models which could potentially be used to finance, deliver, and operate CO; T&S
infrastructure in the UK, and identify a subset of the models that should be investigated
further. The study involved documenting the challenges that can increase the risk and
cost of delivering and operating CO, T&S infrastructure, and considering how different
business models could address these challenges. Five components of the business model
framework were proposed, with different choices available within these considered
(Figure 18).

Key Components

Ownership Capital Revenue Risk Appetite Investor
Funding Model Driver
Public Public Market based Uncapped High Return
storage fee
Operating
Private Private payment from Capped Modest Return
HMG body
Combination Combination Market-Public Low Social Return
Hybrid
CO, sales
Who owns and Who ewns and Where does the Hew muchrisk Why is the
fundsthe T&S who funds the T&S the business investor
Coentity? infrastructure infrastructure entityis able investing?
build? revenue come andwilling to
from? accept?

Figure 18 CO2 T&S Business model options framework*®.
A sub-set of 11 potential models were identified varying principally on ownership and

source of capital funding. The models that were highlighted as most interesting for
investigation were:

e Public entity: Publicly owned and funded company, set up as a regulated asset
business to enable future privatisation.

45 Pale Blue Dot 2018, CO2 Transportation and Storage Business Models
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Mainly public entity: A majority publicly owned and led company, with some
investment and ownership from the private sector, probably set up as a
regulated asset business to enable future full privatisation.

Private entity: A private company, fully funded by private equity and debt, set
up as a regulated asset business.

Combined public-private entity: A company with joint investment and
ownership from the public and private sectors, set up as a regulated asset
business.

In the case of the private entity or combined public-private entity, there may be

different T&S entities across different regions, in a similar way to how utility

infrastructure is operated.

The study identified 12 specific challenges (Table 1) inhibiting T&S development and
evaluated the ability of the models to address these challenges.

Table 1: Challenges for CO2 T&S business models to address

Challenges inhibiting T&S Business Models specifically |

1

10

11

12

Absence of a revenue model or commercial incentive for CO; transportation and storage business

Private sector difficulty accepting long term, uncapped liabilities of unknown magnitude for
leakage of CO; whether as an individual company or a consortium, the sector is immature, and no
insurance market yet exists.

CO; supply volume uncertainty due to potentially unknown timing and performance of CO,
capture project

Cross-chain performance risk — how can the CO; storage operator guarantee performance of the
storage system to the CO; emitter and how can the operator manage uncertainty of CO; supply
volumes

Aligning timing of project investment in T&S development activity, to synchronise with CO,
capture project progress and start of commercial operations

Potential imbalance between the size of investment required and the Balance Sheet strength of
the T&S developer

Current absence of customers for a CO; transportation and storage service

Need for Government to balance public/consumer needs with those of private sector when
entering into risk sharing arrangements for long term, uncapped liabilities of unknown magnitude
for leakage of CO;

Uncertainty of level and duration of monitoring (and achievability acceptance criteria) required to
allow handover of a closed store to the Competent Authority.

Commercial complexities of multiple large-scale capture schemes sharing T&S facilities with
sufficient assurance on availability of capacity

Uncertainty & ambiguity around what is required for Financial Security under the Storage Permit
application

Defining & meeting CO- specification and need for an allocation and attribution type agreement
when servicing multiple suppliers of CO;.

Following this investigation, the subsequent 2019 government consultation for CCUS

business models sought views on the following part-chain business models for CO; T&S

as well as hybrids of these:
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Regulated asset base (RAB): The T&S company receives a license from an economic
regulator, which grants it the right to charge a regulated price to users in exchange for
delivering and operating the network.

Government-owned model: The T&S network would be set up by the government and
publicly owned. The network can be privatised as the market matures.

Cost Plus open book: The T&S company is reimbursed all properly incurred costs
annually through direct operational payments from the government, including an
agreed return on investment and profit margins.

Waste sector type: The T&S operator receives a payment fee per tonne of CO; injected
and stored, potentially supported by local authority budgets.

4.2 Updated UK business model direction (2020-2021)

In 2019 the UK government conducted a consultation®® on ‘Business Models for Carbon
Capture, Usage and Storage’ as a first step towards establishing an enduring business
model to enable CCUS in the 2020s and beyond. The consultation outlined parameters
that would be used to guide the government approach to CCUS business models and
sought views on a number of proposed business model options split across the areas of
CO; T&S, Power CCUS, Industrial CCUS, and Low Carbon Hydrogen Production.
Subsequently, two expert groups (CCUS and Hydrogen) were launched to support
government decision making, with a response to the consultation*” and an update on
proposed CCUS commercial frameworks* published in 2020. The 2020 update set out
detailed proposals for business models under the sectors of CO, T&S, Power CCUS, and
Industrial CCUS with a series of further outputs anticipated in 2021, as outlined in Table
2. It is expected that the completed business models will be in place in 2022, as set out
in the UK governments Ten Point Plan.*

This section outlines the latest business model concepts and design considerations
outlined by the UK government in the 2020-2021 CCUS business model updates.>®

46 BEIS 2019, Business Models for Carbon Capture, Usage and Storage consultation
47 BEIS 2020, CCUS: A Government Response on potential business models for Carbon Capture,
Usage and Storage
48 BEIS 2020, An update on business models for Carbon Capture, Usage and Storage
49 HM Government 2020, The Ten Point Plan for a Green Industrial Revolution
50 Main proposals within BEIS 2020, An update on business models for CCUS with subsequent
updates published on BEIS CCUS business models
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Table 2: Summary of UK BEIS CCUS Business Model deliverables for 202148

m CCUS and related policies
Cluster consultation Qi1/2 2021
- Hydrogen Business Model consultation Q22021
Transport and Storage business model update (including revenue model, economic regulator and Government Q22021
Support Package)
Dispatchable Power Agreement (power CCUS) update Q2 2021
- Industrial Carbon Capture business model update Q2 2021
. Supply chain plan Q2 2021
T&S decommissioning regime update Q3 2021
_ Biomass Strategy Position Paper Q3 2021
_ CCUS Regulatory framework update Q3 2021
Transport and Storage connection arrangements Q3 2021

4.2.1 Principles of business model design

The UK government has established the following key principles to guide its
development of CCUS business models:

e Decarbonisation: Policies should incentivise efficient capture, usage and storage
of CO; where production is necessary but should not incentivise production of
CO; or result in perverse outcomes.

e Sustainable financing: Policies should instil confidence among investors and
attract new domestic and international entrants to the market in a sustainable
manner and have the potential to be subsidy-free.

e Economy: Policies should create value for the UK economy and support high-
value jobs.

o Cost reductions: Policies should harness opportunities to drive down cost
through innovation, learning by doing and competition as appropriate.

o Market and flexibility: Policies should be market-based and minimise distortions
in existing markets. They should be compatible with existing market frameworks
but retain the flexibility to respond to market conditions and public needs as
markets and the economy evolve.

e Value for money: Policies should be cost-efficient, providing value for money for
taxpayers and consumers, and provide a risk-adjusted fair return to investors
whilst recognising the first of a kind (FOAK) nature of the sector that with
industry, we need to develop.

e Fair and reflective costs: The cost of deploying CCUS should be reflective and fair
to users, and not undermine UK industrial competitiveness.
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4.2.2 CO; transport and storage

In 2020 the UK government proposed the use of a business model for CO; transport and
storage that it referred to as the “Transport and Storage Regulatory Investment (TRI)
Model”.”® This model is based on an economic regulation funding model and has
features derived from similar models in the utility market. The model seeks to provide
long term confidence to investors through predictable and stable returns, whilst
enabling low-cost decarbonisation across multiple sectors and developing a market for
carbon capture. The following features are proposed:

Ownership & operation: A Transport and Storage Company (T&SCo) would be
responsible for the development, construction, financing, operation, maintenance,
expansion and decommissioning of the T&S network. In particular, the T&SCo would be
the asset owner for onshore and offshore infrastructure and would need to obtain the
licence for the storage site. The T&SCo would also be the system operator, ensuring the
network operates within specified limits, managing network access, and associated
tasks.

Revenue: The User Pays revenue model is proposed in which the T&SCo receives
payments from those that use the T&S network, but also has access to contingent
financing (from consumers and/or taxpayers) to ensure the revenue stream is
predictable and robust. The objectives of this proposed approach are to provide
confidence to investors (reliable revenue), provide predictable cost allocation (volume
and capacity), and enable future expansion of the network. The allowed revenue for the
T&SCo would be determined under the ERR and is expected to consist of: a connection
fee, a capacity fee, and a volumetric fee.

Economic Regulatory Regime (ERR): The ERR determines the annual allowed revenue
that the T&SCo receives based on a pre-established methodology for determining the
cost of establishing and operating the T&S network, reflecting efficient costs and a
reasonable rate of return. This would be controlled and monitored by an independent
economic regulator that would have the power to authorise T&S companies via licence.

Government Support Package (GSP): The GSP is a potential component that could be
used to protect investors and users from high impact, low probability risks that the
private sector is unable to bear at an efficient price, such as defined leakage events from
storage facilities. This would be only applicable for specific very remote risks occurring
within a finite period of time.

BEIS provided a subsequent additional update to this model in 2021 setting out further
details reflecting feedback and incorporating further work. It is expected that further
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developments will provide details around business models designs in relationship to CO;
shipping, which is sparsely mentioned in existing proposals. BEIS are planning extensive
engagement with developers and wider stakeholders throughout this year to develop
details on CO3 shipping further.”! Due to the complexity of the CO> shipping chain and
the low liquidity of CO2 markets currently, a business model in which the whole chain is
owned and operated by one entity seems preferable.

DPA
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Industrial : Counterparty* Exchequer
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Negative
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Blue hydrogen™
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__________________________
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Figure 19: An illustration of the User Pays T&S revenue model>®

4.2.3 Power CCUS

In 2020 the UK government proposed the use of a Contract for Difference (CfD) style
business model for carbon capture in the power sector that it referred to as the
“Dispatchable Power Agreement (DPA)”.>° The aim is to enable power CCUS to play a
mid-merit role in the generation mix, with the plant acting in a dispatchable mode as a
replacement for unabated power but not replacing lower-cost renewables. Both retrofit
and new build technologies are included. The objectives being used to guide the design
of the DPA are that it should: provide sufficient investor confidence; incentivise the plant
to react to the wholesale electricity market; displace comparable unabated generation
and react to carbon prices, and ensure affordability and value for money for customers.

51 https:/ivww.gov.uk/government/publications/carbon-capture-usage-and-storage-ccus-business-models
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The DPA is to be based on the established CfD commercial framework that is already
used in the UK electricity sector and is a familiar, proven mechanism for the government.
It is an operational subsidy that covers the difference in cost between that incurred by
the generator and an agreed upon strike price, that may be linked to market prices and
can vary on a contract-by-contract basis. For the power generator, a CfD makes carbon
capture more investible as the long-term nature of the contract brings clear revenue
visibility. For the government, the mechanism can reduce overall costs by ensuring the
generator is only subsidised what is necessary for it to be competitive in the market.

The DPA mechanism proposed in the UK would consist of two payments: an availability
payment for low carbon generation capacity and a variable payment. The availability
payment provides investors with a regular payment providing the plant is not
experiencing an outage or poor capture performance. The variable payment is designed
to incentivise generation ahead of an unabated plant when dispatchable power is
required. An equivalent unabated plant is to be used for reference costs. In addition, the
UK government is considering a gain sharing mechanism to balance financial returns and
risk sharing between the generator and consumers, therefore protecting consumers if
the generator makes unexpected returns.
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Figure 20 lllustration of the costs and revenues associated with a power CCUS plant and their
structure of payment.*°

BEIS provided a subsequent additional update to this model in 2021 setting out further
details. This outlined the expected contract term of the DPA as being 15 years for new
builds and potentially 10 years for retrofits. The update also addressed some
stakeholder concerns around start costs and the need for baseload operation for initial
T&S network connections. Further details are expected in Q3 of 2021.

4.2.4 Industrial Carbon Capture

Industrial carbon capture (ICC) is likely to be vital for UK industrial decarbonisation due
to few viable alternatives for large scale emissions abatement in heavy industry. The
challenge however is that the costs incurred for carbon capture currently do not
correspond to any increase in product value (for being low carbon) and therefore cannot
be passed to consumers. The benefit is due to avoidance of carbon pricing, which is
currently insufficient to cover the costs incurred, and also an advantage to the facility of
becoming well-positioned for future low-carbon product markets. To overcome these
market failures and challenges additional incentives are required.

In 2020, the UK government proposed the use of a Contract for Difference (CfD) style
business model for industrial carbon capture that it referred to as the “ICC Contract”.*°
This is first being developed specifically for initial and early-stage projects, to reflect the
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low maturity and high initial investments required. The objective is to incentivise the
industry to invest in carbon capture technology whilst being able to maintain
international competitiveness and deliver value for money. Additionally, motives are
linked to ‘levelling up’ the UK economy and driving investment in new industrial
facilities. The business model only applies to cases where CO; is exported to a T&S
network for permanent sequestration, with utilisation currently not included. It is
expected that the industrial emitter would have an agreement with the T&SCo in which
it pays for use of the network and in which ownership of emissions and liability for any
subsequent emissions is transferred to the T&SCo.

The ICC contract is expected to be an adaption on the Contract for Difference
mechanism in which payment is provided based on the quantity of CO; avoided, thus
imitating avoidance of the carbon price. A fixed strike price would be negotiated
bilaterally per tonne of CO, captured, reflecting the costs of carbon capture for the
project. The reference price is expected to roughly follow the trajectory of the market
carbon price. The capture facility then receives the difference between the strike price
and the reference price, as illustrated in Figure 21. It is further proposed that the
contract term would have an overall duration of 15 years, but that this would be split
between an initial period (approximately 10 years) where the return on capital costs can
be included, and a later period where only operational and CO, T&S costs are included.

Industrial Carbon Contract Model

A A0 Py o -~ A P, AV fete. .y _~ o) ] )
DUIIP AR P IR L S R G G G  GR
Difference Payment == == «Expected CCUS Costs Carbon Price

m— Strike Price Reference Price

Figure 21: lllustration of the industrial carbon contract model. *°

This mechanism has advantages in that it provides predictability for investors and
certainty to the Exchequer. It is cost effective for the government as the subsidy is cost
reflective and reduces over time aligned with carbon pricing policy. The mechanism is
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also designed to have a simplistic implementation, with payments only dependent upon
a metered quantity of CO; captured thus reducing administrative burden.

4.2.5 Hydrogen

In the UK, various applications for low carbon hydrogen are being considered by the
energy market participants in the UK, such as mobility, heating of buildings, high-
temperature process heat for industry, energy storage, and electricity generation. These
options involve different production technologies, different scales and have different
market conditions and interdependencies. Given the complexity of the value chains, the
UK government announced plans to take a disaggregated approach to business model
design, with commercial frameworks developing over time.

In 2020, BEIS commissioned a study on business models for low carbon hydrogen
production®? in which four categories of business models were found to deliver against
the criteria specified. These are detailed in Table 3. It was concluded that producer
subsidies through either a contractual or regulatory framework were most likely to
incentivise investment in hydrogen production. In their 2020 update, the government
expressed a preference for the contractual framework that recognises the long-term
aim of a subsidy free market for low-carbon hydrogen. The government plans to conduct
further consultations in 2021 in order to inform business model development.

Table 3: Summary of hydrogen CCUS business model categories.>?

Business model category High level description

Contractual payments to producers The hydrogen producer receives a subsidy
which covers the incremental cost of low carbon
hydrogen above the carbon-intensive
alternative fuel.

Examples include premium payment models or
CiDs.

Regulated returns Regulated returns models allow the hydrogen
producer to earn a regulated returmn on costs.

Examples include Regulated Asset Base (RAB)
and Cap and Floor models.

Obligations An obligation Is imposed on parties outside the
hydrogen production sector (e.g. fuel suppliers
or end users) to supply or consume a certain
guantity of low carbon hydrogen

End user subsidies An ongoing technology-neutral subsidy to end
users for carbon abatement.

52 Frontier Economics for BEIS 2020, Business Models for Low-Carbon Hydrogen Production
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The following principles® are being used to guide the design of revenue support

interventions that aim to kick-start the hydrogen economy:

Quickly scale up to meet sector deployment ambitions

Support deployment of CCS-enabled and electrolytic production technologies
Support large and small scale projects

Unlock pipeline of projects including high-capex projects

Support and enable hydrogen to be competitive in different end-user markets
Ensure value for money and affordability

Fit with a broader policy framework to support hydrogen and develop supply
chain

Additional support for low-carbon hydrogen production is likely to come through other
market-creation policy options that drive demand for low-carbon hydrogen, such as
incentives for fuel switching or low carbon fuels standards.
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5 Transferable learnings

This section summarises the UK proposed approaches split between CO; capture and
CO, T&S, focusing on strategies, build-out and the business case or interactions between
players. It then discusses whether the identified approaches and considerations could
be transferable to other clusters, with a specific focus on the North Sea Port. In order to
provide such a comparison, it is first necessary to discuss the key characteristics of the
North Sea Port. These are detailed first below.

It should be noted that a detailed investigation into the key players within the North Sea
Port, their potential cluster interactions, and criteria for CCUS business models was not
within the scope of the current deliverable and is the focus of the subsequent task in
WP6 — Task 6.3 Stakeholder Analysis. More detailed research on the policy environment
in the North Sea Port is being conducted through WP5 and will be used separately to
inform later analysis. The insights in commonalities and potential transferability from
this deliverable are expected to be a basis to guide further investigations including
stakeholder analysis and to allow comparisons when designing and evaluating support
mechanisms and business models.

5.1 Characteristics of the North Sea Port region

The North Sea Port (NSP) is a cross-border port spanning both Netherlands and Belgium.
The port spans 60 km along the North Sea coast, entering 32 km inland to Ghent in
Belgium. The region (covering Ghent, Terneuzen, Vlissingen) includes a variety of
energy-intensive industries clustered around the Scheldt-Delta. Several of these
industries are collaborating on decarbonisation through the Smart Delta Resources
(SDR) partnership, which also includes renewable electricity and infrastructure partners.
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Figure 22 lllustration of Smart Delta Resources partnership companies in the NSP region>?

Decarbonisation plans

In 2018, SDR commissioned a study to investigate decarbonisation options in the Delta
region and create a roadmap for the net neutral industry>*. This roadmap outlined three
priorities for the region: climate-neutral energy carriers (electricity & hydrogen),
circular feedstock, and CO; storage and usage. This was in addition to actions to reduce
energy demand.

53 https://www.smartdeltaresources.com/en
54 CE Delft 2018, Roadmap towards a climate neutral industry in the Delta region
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Figure 23 Roadmap towards a climate-neutral industry in the Delta region and the effects of the 8
proposed projects®*.
The SDR partnership has developed four programs®® aimed at progressing these
decarbonisation initiatives:

e Hydrogen Delta: The NSP region has large-scale steam reformers for hydrogen
production and is the largest hydrogen producer and consumer in the
Netherlands and Flanders, consuming 580 kt of hydrogen annually. The
Hydrogen Delta program aims to phase out unabated fossil hydrogen
production, through the production of hydrogen with CCS (‘blue hydrogen’) and
hydrogen from electrolysis using local renewables (such as offshore wind), as
well as other hydrogen sources such as imports and nuclear.

e Carbon Connect Delta: This program is focused on investigating CCS in the NSP
region with the aim of capturing 1 Mt CO, from 2023 and the potential for annual
capture of 6.5 Mt CO; in 2030. This would include capture both from industrial
activities and from blue hydrogen production. The program highlights CC(U)S as
a bridging option to meet 2030 climate targets.

e Spark Delta: The program focuses on improving energy efficiency via process
optimisation and switching from fossil fuels to electrification, with electricity
generated by emission-free sources. Due to the expected increase in demand for
electricity, the program also aims to provide a robust and cost-effective
electricity grid.

e Heat Delta: Certain industries in the NSP region generate residual heat that could
be used elsewhere in the region — such as in the built environment or nearby
industry. There is also potential for the provision of sustainable heat through
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geothermal energy. This program investigates the supply and demand for such
heat resources, translating them into feasible projects.

In relation to CCS, the initial work by the Carbon Connect Delta program includes a
feasibility evaluation of regional infrastructure, evaluating the technical, economic, and
legal feasibility of CCS within the region as well as timelines, opportunities, and risks.
This also includes an analysis of existing storage initiatives (Porthos, Athos, Aramis,
Northern Lights, etc.) and possible connections to these.

Local industry and emitters

The CO; emitters identified in the North Sea Port region with above 0.5 MtCO; emissions
per year in 2017 are outlined in Table 4. The potential relevance of CCS to these
industries is indicated based on consideration of similar industries in the UK and their
decarbonisation options.

Table 4: Major emitters in the North Sea Port region (>0.5 MtCO2 in 2017)>

Belgium / Emissions CCs
Company Industry / Product .
Netherlands MtCO: / yr Potential
ArcelorMittal BE Iron and Steel 4.11 High
Yara NL Fertiliser 3.59 High
Plasti :
Dow NL (from bio-ta;Zeccsl naptha) 2.58 Ml
Engie Electrabel BE Power 1.72 Medium
Zeeland Refinery NL Refining 1.60 High
Dow (Elsta) NL Heat & Power 1.36 High
StoraEnso BE Packaging / Paper 0.66 Low

It should be noted importantly that there are interactions between industries. Engie
Electrabel has a project demonstrating the use of Arcelor Mittal blast furnace gases and
converter gases in its power plant®® . Hydrogen produced as a by-product by Dow is
transported via pipeline to Yara for use in fertiliser production. The utilisation of carbon
monoxide from Arcelor Mittal for various product applications is also under
investigation, and there is already capture and utilisation of CO; from Yara for
applications of horticulture and urea production.

The 2018 NSP roadmap study>* indicated that initial capture would be from hydrogen
production and steel production. The study suggested that by 2030 approximately 1.7

% CO2 emissions in 2017. Findings shared from C4U WP4. Data sources:
http://www.emissieregistratie.nl/ , https://www.milieuinfo.be/ , https://euets.info/installation
56 https://corporate.engie.be/en/energy/gas
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Mt CO; might be captured annually from hydrogen production, increasing potentially to
6 Mt CO2 per year in 2040, whilst CO; utilisation could reach 3.7 Mt CO; per year.

Infrastructure and storage availability

A study on the transport and storage of CO; in the Netherlands was published by
Gasunie and EBN in 2017, in which the potential for pipeline re-use was explored
alongside storage capacity availability and potential timelines. One of the conclusions
from this study was that the application of CCS to numerous industrial sources may be
more expensive than switching from natural gas to H,. The study also indicated that
existing offshore infrastructure in the Netherlands would likely become available earlier
than proposed storage projects, meaning that additional costs would be needed for
preservation if existing infrastructure were to be used.

In addition to off-shore infrastructure, the potential for onshore pipeline infrastructure
within the NSP region for CO,, hydrogen and transport of other gases was investigated
within the Clean Underground Sustainable Transport (CUST) project®8. Some conclusions
were that there was potential for the re-use of existing pipelines and that the use of
several smaller diameter pipelines could increase flexibility to later transition slowly
from CO; transport to other gaseous transport (such as hydrogen or synthetic methane)
facilitating a transition to more circular solutions, for example, those that avoid fossil-
fuel consumption and CO; as a waste product such as using hydrogen from renewable
electrolysis as a fuel.

As mentioned above, the feasibility study by the Carbon Connect Delta program is
investigating a range of transportation options, including the potential for CO; shipping.
There is a range of storage initiatives being developed that could accept shipping
imports.

e One example is the Northern Lights project that proposes to ship liquified CO;
from capture sites to an onshore terminal on the Norwegian west coast, with
subsequent storage in the North Sea.

e The UK Acorn project also plans to accept shipping imports, possibly from the
Netherlands.

e The location of the NSP means that connections to the PORTHOS project,
developed by the Port of Rotterdam, via ship are also an area of interest.

57 Gasunie and EBD 2017, Transport en opslag van CO: in Nederland
58 CUST (2019). Onderzoek Clean Underground Sustainable Transport (CUST)
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CO; transport could also potentially occur via long-distance pipelines to Rotterdam. The
transport of CO, between ports is the subject of the CO2TransPorts project, which is
considering the feasibility of a cross border pipeline between Antwerp and Rotterdam.

Overview of Policy Landscape>%€°

In 2019 the Dutch Parliament mandated that the Netherlands would reduce domestic
greenhouse gas emissions by 49% in 2030 and 95% in 2050 compared to 1990 levels.
This was subsequently translated to sectoral objectives in the National Climate
Agreement, requiring the Dutch industrial sector to reduce emissions by 14.3 MtCO;
equivalent by 2030 compared to a baseline scenario, with the expectation that
emissions would be almost zero by 2050. To support this transition, the Dutch
government expanded its subsidy mechanism to include all carbon reduction
technologies (SDE++) in 2020 and is introducing a national carbon levy for the industry
in 2021 as a floating contribution above the existing EU ETS. The key features of these
long-term support mechanisms are summarised below. The Dutch Government will also
provide funding aimed at innovation, pilots, and demonstrations

SDE++ Subsidy Mechanism

e A Contract for Difference style mechanism that was previously focused on
sustainable power generation but has been expanded to target carbon reduction
technologies in general, including carbon capture technologies.

e The support mechanism provides a subsidy for the cost-premium that is incurred
for implementing a reduction technology. It considers the difference between a
fixed base amount for the cost of reduction and a correction amount for the
annual revenues (product price / ETS). A floor price of two-thirds of the long-
term product price is included, limiting the maximum subsidy. The costs cover
CAPEX and OPEX over a 15 year lifetime.

e All reduction technologies are evaluated within the same tender process with
subsidies allocated on a cost-efficiency basis. This results in competition
between different reduction technology categories with one budget for all
options and a phased release of funds from low subsidy intensity to high subsidy

59 The Hague 2019, National Climate Agreement — The Netherlands
60 OECD 2021, Policies for a Climate Neutral Industry — Lessons from the Netherlands
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intensity (cost per tonne CO;). The approach is intended to provide cost-
efficiency for emissions abatement.®!

e Constraints are included to limit the amount of support that can be provided for
carbon capture as an abatement technology®?. This is to avoid carbon capture
projects taking the majority of subsidy due to the technology’s low-cost and high
maturity compared to other reduction technologies, such as hydrogen fuel-
switching. These constraints are outlined in the box below.

e |t should be noted that the additional savings of avoiding the carbon levy above
EU ETS (outlined below) are currently not accounted for in the subsidy
mechanism.

Restrictions on carbon capture and storage in SDE++

Restrictions on the SDE++ subsidy available to CCS were developed to address
concerns that CCS projects might monopolise the available SDE++ budget, with
constraints intended to ensure that CCS does not occur at the expense of other
technologies required for long-term decarbonisation. The restrictions consist of sieve,
cap, and horizon limits, applicable to suitable projects, which would have
demonstrated the feasibility for CCS:

e Sieve: CCS can only be subsidised at sites where no demonstrably cost-
effective alternatives exist at the time.

e Cap: CCS can be subsidised to a maximum of 7.2 Mt of the total emission
reductions in the industry by 2030 (50% of the target reduction).

e Horizon: CCS applications for the SDE++ subsidy will not be granted for
applications beyond 2035, with the exception of CCS for negative emissions.

National Carbon Levy for Industry

o A targeted carbon levy applied to every tonne of CO, emitted that exceeds a
fixed reduction path as determined based on EU ETS benchmarks®3. The carbon
levy provides a certain price on emissions by factoring in the variable EU ETS
price — in other words, the carbon levy is a floating contribution above the EU
ETS price to a fixed amount in any year.

61 Note that it was recently recommended by an OECD 2021 report that the design of the SDE++
should be reformed to promote investment in emerging technologies, for example by allowing for
separate tenders across technologies, production processes or TRL.
62 Note that carbon capture for greenhouse gas removals (such as BECCS or DACCS) is not
constrained.
63 European benchmarks reflect the product carbon efficiency achieved by the top 10% of best
performing European plants.
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e Thetotal carbon levy is set to increase linearly from EUR 30 / tCO2 in 2021 to EUR
125-150 / tCO; in 2030. This trajectory was based on a bottom-up assessment of
the carbon price required to reach the 2030 emission reduction objectives in the
industry.

e The levy will apply to greenhouse gas emissions that fall under the existing EU
ETS, with additions of nitrous oxide emissions and carbon emissions from waste
incineration.

e The National Climate Action Agreement states an intention to allow the
exchange and transfer of emission allocations within a given year.

5.2 Insights for carbon capture

The emerging CCS projects in the UK comprise several clusters distributed across the
Eastern Coast of the UK (with access to storage in the North Sea), as well as the
Merseyside and South Wales clusters, on the Western part of the country. All emerging
clusters are looking to capture emissions from a wide range of sources, as shown below
in Table 5, with new build projects being proposed to capitalise on CO, T&S
infrastructure.

Table 5 Possible Capture Project Profiles for Industrial Clusters in the UK, with comparison to the
North Sea Port location

Local
Cluster Location Emissions Industry Power Hydrogen GGR Anchor Project
(MtCO,/y)
Natural G
Scotland 6-7 \/ \/ aturalsas
Processing
Humber 10 \/ V Hydrogen
Teesside 4 V V Power
Merseyside 5 V Hydrogen
South Wales 9-19 V V Industry
North Sea Port 20 V V

Existing emitters in dark blue, with planned new build projects (with CO, capture) indicated by

. New build projects are linked to cluster proposals. Local emissions (estimated for
2017/2018) provide an indication of cluster scale. Not all existing emissions would be eligible
for capture, and additional capture would occur from new build projects.

Strategies identified in the UK
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Carbon capture in industrial clusters is linked to the wider UK net-zero decarbonisation
strategy, with plans for capture projects including:

e Blue hydrogen generation — enabling wider decarbonisation through the fuel-
switching of industry, and potential for decarbonising domestic heat and
transport. Examples include Acorn Hydrogen in Scotland, H2H Saltend in the
Humber, and the HyNet project.

e Industry & power carbon capture — CCS has been identified as having an
important role in sectoral decarbonisations, particularly where it is expected to
be the lowest cost abatement pathway or where emissions cannot otherwise be
abated. Several project concepts are emerging across the UK, including capture
from natural gas processing (St Fergus gas terminal in Scotland), refineries in the
Humber cluster, and power stations (SSE in Scotland and Humber, Triton Power
and VPI Immingham in the Humber cluster), and cement (South Wales).

e Greenhouse gas removals (GGR) — GGRs are expected to offset emissions from
hard to abate sectors, such as aviation and agriculture, with engineered GGRs
having significant roles in UK net-zero scenarios developed by the CCC. Examples
include bioenergy with CCS (BECCS) in the Humber and Teesside and direct air
carbon capture and storage (DACCS) in Scotland.

It should be noted that the variety of capture sites included in cluster project plans may
have been influenced by expectations regarding UK Government policy support
mechanisms and demonstration targets (e.g. one power CCUS project to be operational
by 2030, and 5 GW of low-carbon hydrogen production capacity by 2030). This reduced
cross-chain risks and allows T&S projects to secure volumes by hosting a range of
different demonstration projects.

In addition, whilst many industrial capture projects are fixed in location due to plans of
retrofitting existing facilities, others such as new-build power and DACCS have flexibility
on deployment location across the UK clusters.

Build-out considerations in the UK

e Capture project proposals include both new build and retrofit projects. It is
important to note the role of the cluster strategy in attracting new build
projects. Such projects are for a gas-fired power plant (Teesside), for blue
hydrogen production, and DACCS, with retrofit projects for BECCS (including
power and Energy from Waste), power, and industry.

e Both high purity and lower purity CO; streams are considered for carbon
capture in early projects. The high purity projects are blue hydrogen production
(H2H Saltend in Scotland and HyNet North West) and natural gas processing (St
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Fergus in Scotland). Capture from power stations (typically lower purity) is
proposed for Humber and Teesside clusters.

e Most clusters will build out infrastructure around an initial anchor project.
These are large-scale emissions sources that generate a consistent supply of CO»
to feed into the initial T&S infrastructure network. In the cases of Humber and
Merseyside, capture from high purity, new build blue hydrogen production is
expected to be the anchor project, whereas the Acorn project in Scotland is
anchored by CCS on natural gas processing and Teesside initially focuses on new
build, natural gas power with CCS.

e The timeframes for deployment are expected to align with requirements for UK
Government funding and competitions. Projects selected for the Track-1
funding pathway are expected to have initial deployments by the mid-2020s,
whereas Track-2 projects would be expected to deploy by 2030.

Business case & interactions identified in the UK

Consortiums & Partnerships

e The development of individual carbon capture projects is facilitated through
consortiums and partnerships, typically involving both emitters and potential
T&S developers. This enables each cluster to develop a coordinated roadmap
for decarbonisation. An example is the Zero Carbon Humber Partnership.

e The formation of such partnerships aligns with the mechanisms outlined by the
UK Government for receiving funding, in which a T&S developer acts as a cluster
lead submitting a proposal to the Cluster Sequencing Process.

e Participation in cluster projects is voluntary and the level of participation of
emitters varies depending on the scale of emissions, corporate vision/strategy,
type of sector and associated decarbonisation options.

Interactions

e Carbon capture projects are expected to use a shared T&S network that would
be operated by a T&S company under a regulated user pays revenue model. This
means that each emitter would pay for the T&S of its CO; as a service, with fees
expected to include a connection fee, volumetric fee, and a capacity fee.

e The ownership and liability of emissions would be transferred to the T&S
company, reducing risks for individual capture projects.

e Capture projects would negotiate with the government or government
established entity for financial support.
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Business Case

e The early stages of project development (such as FEED studies) are funded
partially via a range of government grants. This includes grants for cluster
roadmaps and competitions for specific demonstration projects, for example,
the DAC and GGR programme.

e Ongoing revenue is expected to be achieved via product sales, such as hydrogen,
power, or industrial products. In some cases, lower-carbon products may be
able to receive a premium price, however, under current market conditions, it
is expected that financial subsidies would nevertheless be needed to achieve
competitiveness. The UK Government is developing business models that aim to
allow commercial viability.

e Capture projects would operate under the UK ETS scheme in which they can

trade emissions allowances. In the near term, it is unclear if the revenue from
such trades (or alternative costs incurred for non-capture) would be a significant
driver of the business case for capture, but this mechanism could provide a
future pathway out of subsidy reliance once higher market carbon prices are
reached.
The UK Government is expected to support the commercial viability of capture
projects through ongoing operational subsidies. The specific support
frameworks vary depending on the type of capture project (industrial, power,
hydrogen) but they mostly take the form of a Contract for Difference style
mechanism. Projects would negotiate or bid for these support contracts that
could provide support over durations up to 15 years.

e Capture projects would pay for use of T&S under a regulated, the user pays
model. Liability for CO, emissions is then transferred to the T&S company.

Transferability to North Sea Port (NSP)

The NSP region has opportunities for high purity capture (hydrogen, fertiliser) and
produces a variety of end products (chemicals, steel, refinery products, electricity). As
previously identified, both carbon capture on hydrogen production and capture of
direct industrial emissions are being considered for the NSP. A similar cluster in the UK
in terms of the range of emitters is the Humber cluster. In the Humber, the initial anchor
project is the production of blue hydrogen at a new facility (Equinor H2H Saltend). This
hydrogen will be blended into the Triton Power plant located at the Saltend Chemicals
Park and some local industrial sites would switch to hydrogen fuel. In this approach, the
capture site has revenue from the supply of blue hydrogen and can provide an initial
high purity, high volume CO> source for the T&S network.
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In both the NSP and Humber clusters, blue hydrogen offers a route to decarbonise
heavy industry, particularly in chemicals and steel applications where high
temperatures are required. The Humber cluster illustrates how central blue hydrogen
production may be more viable than capture at individual industrial sites, a factor that
was also highlighted by the Gasunie and EBN study in the Netherlands. For new build
power and existing bioenergy sites, the Humber cluster proposals do however still
include the capture of CO; from the individual plants. This indicates viability under the
expected UK government support frameworks for capture on new build projects and
for greenhouse gas removals.

A relevant insight from the UK Humber cluster is the collaboration of co-dependent
industries to drive the decarbonisation of linked supply chain emissions and achieve
economies of scale. This is illustrated by the Humber Zero project in which two
refineries that both receive power and steam from the adjacent gas power plant are
collaborating with the plant to install CCS. This approach may be transferable to similar
co-dependent industries in the NSP, such as those relying on Dow combined heat and
power.

In the UK, proposals for CCUS clusters are not solely linked to decarbonising local
industry. They include projects associated with wider UK decarbonisation, in the form
of new-build power stations, greenhouse gas removals, such as DACCS, and hydrogen
production for wider consumption (such as domestic heating and transport). This
reduces cross-chain costs and helps achieve economies of scale around the T&S
infrastructure. The applicability of similar wider decarbonisation projects to the NSP
region is unclear but would depend upon future Netherlands, Belgium and EU policy
and ambition. Currently, the SDR proposals appear to solely focus on the
decarbonisation of the local region.

The SDE++ scheme in the Netherlands is similar to the contract for difference style
support mechanism proposed in the UK, although there are significant differences in
the mechanism for implementing this support. In the Netherlands, all individual capture
projects can apply for the subsidy, competing against a broad range of emission
reduction technologies for cost efficiency. In the UK, there is a cluster sequencing
program to decide which clusters will be prioritised for funding based on proposals for
establishing CO, T&S networks. Capture projects within these prioritised clusters are
then eligible to apply for funding, with funds coming from a dedicated CCUS
Infrastructure Fund.
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5.3 Insights for transport & storage networks

Four of the five largest CCS clusters in the UK are examining local opportunities for CO;
storage, either by reusing existing O&G infrastructure or large saline aquifers.
Merseyside and South Wales have more limited availability of storage, with potential for
the Merseyside cluster to reuse O&G infrastructure in the Irish Sea, whilst South Wales
is expected to rely on CO; shipping. An overview of the proposed CO; transport and
storage plans for clusters in the UK are shown in Table 6 with a comparison to possible
options for the North Sea Port region. The subsequent sections identify CO, T&S trends
across UK projects in relation to strategy, build out and envisaged business models. It
then considers features of the NSP, whether there are similarities to the UK clusters, and
whether approaches or learnings identified have relevance to NSP.

Table 6 CO2 Transport & Storage Plans for Industrial Clusters in the UK, with comparison to the North
Sea Port location

} Onshore CO, Offshore CO, ; L.
Cluster Location Local Storage Pipeline Transport CO, Storage Site Shipping Imports
Existing Existing Pipelines Gas Fields Yes
Scotland Feeder 10 Atlantic / Goldeneye / North Sea
Miller
New Pipelines Saline Aquifer Possible
Humber New Network NEP North Sea
(or existing — Viking) (or Viking fields) (unknown)
) New Pipelines Saline Aquifer Possible
Teesside New Network NEP North Sea
Merseyside New & Existing Existing Pipelines 0il &.Gas Fields Possible
Irish Sea
South Wales Unknown Shipping Flexible No
Offshore Uncertain PORTHOS /
North Sea Port (North Sea) Unknown Shining or Pineline Flexible No
PpIng P North Sea

Green indicates sufficient availability of CO, storage in the region, with red indicating limited storage capacity in the
region. Shipping imports refers to whether the storage site is expected to also accept non-local CO, for storage (e.g.
from Europe or elsewhere in the UK).

Strategies identified in the UK

Onshore Transport Networks: The onshore transport of CO; from capture sites to terminals
that connect with storage infrastructure is expected to utilise a shared local transport
network, operated by a T&S company. Networks are designed around an initial anchor project
and additional large emitters that have expressed (via partnerships or memorandums of
understanding) plans for carbon capture and requirements for CO; T&S. In time, most clusters
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envisage that the network could be further expanded to connect to more emitters in the
region, with these considerations influencing capacity designs.

Companies involved with the development of CO; T&S networks are typically separate
companies from those planning carbon capture. These companies have the relevant expertise
and potentially already own or manage the existing oil and gas assets in the region. For
example, National Grid Venture is developing the onshore pipeline network for the Humber
cluster whilst Pale Blue Dot is leading the Acorn project in Scotland.

Offshore Transport & Storage Networks: The UK is focused on offshore storage sites, with
several clusters being in close proximity to potential storage sites in either the North Sea or
the Irish Sea. Proposed sites include both exhausted oil and gas fields, as well as saline
aquifers. For offshore transport of CO; both pipeline connections and shipping are being
investigated:

e Offshore pipelines: Direct connections from onshore terminals to offshore storage
injection sites. These can be new build pipelines (such as proposed by the Northern
Endurance Partnership) or may reuse existing oil and gas infrastructure (such as
proposed by the HyNet North West project in Merseyside, by the Acorn project in
Scotland, or if the Humber cluster were to connect to the Viking fields). In the case of
the Northern Endurance Partnership, the project plans to connect to both the Humber
and Teesside clusters.

e Shipping: The shipping of CO, from onshore terminals to offshore storage sites is of
interest to the South Wales cluster which has limited local storage options. The ability
to accept CO; from shipping is a key feature of several offshore storage projects, with
the potential to take advantage of shipments from elsewhere in the UK (such as South
Wales) or import from overseas. The proposal to accept shipping imports in addition
to pipeline connections is a feature of the Acorn and Northern Endurance Partnership
projects.

The ability to connect to multiple clusters or receive shipping imports is of strategic
importance for maximising the use of the CO; storage service and achieving economies of
scale. The capacity of storage and potential for future expansion of storage sites to adjacent
wells is also of importance to provide assured future storage availability to clusters.

Build-out considerations identified in the UK

Onshore Networks

e Within industrial clusters, CO; is to be transported via a shared pipeline network
operating under a set of specifications. Some clusters propose to reuse existing

PU Page 60 Version 1.0

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under the Grant Agreement No 884418




D6.2 Report summarising learnings from the UK

pipeline infrastructure whereas others plan to build new networks. The reuse of
existing infrastructure can lower CAPEX costs but could require increased monitoring
or maintenance requirements.

In cases where both CO; and hydrogen need to be transported, a decision must be
made on how existing infrastructure would be used. An example is the Feeder 10
pipeline in Scotland that connects St Fergus (terminal for offshore storage) to
Grangemouth. There are four pipelines of which some may become redundant, which
could allow one pipeline for CO; from the cluster and one pipeline for hydrogen to the
cluster®,

The exploration of hydrogen distribution networks is linked to cluster
decarbonisation, as well as wider decarbonisation of domestic heat and transport.
Projects are exploring new hydrogen pipelines (HyNet) but also blending into local gas
grids, although there are technical barriers regarding pipeline specifications (i.e.
network reinforcement may be needed to avoid leaks due to metal embrittlement)
and regulatory aspects.

There are numerous technical barriers for the CO; transport network operators,
particularly around the need to maintain the pressure and purity of the gas within the
pipeline network. This is a challenge in early operations when the anchor and initial
capture projects may not operate consistently, as well as in later stages as more sites
connect to the network.

The onshore transport network is expected to initially serve an anchor carbon capture
project with the intention of securing an initial consistent supply of CO, needed for
the successful operation of the network. Subsequently, the network is to be expanded
to connect other large capture projects indicated in initial plans, with room for further
expansions as more industries wish to utilise the service. Consideration of future
capacity requirements influences initial network sizing.

Offshore Transport & Storage

Offshore transport and storage is to be developed in line with onshore cluster
proposals, with the need for timelines to be aligned with anchor project
developments. Coordination with clusters is facilitated through partnerships and
consortiums, with common members part of different consortia. For example,
Equinor, the Norwegian O&G company, is involved in the Humber cluster both
onshore and offshore, as part of the H2H Saltend project, planning the construction
of blue hydrogen production, as well as part of the Northern Endurance Partnership,
working together with other O&G majors in developing the CO; storage site.

64 https://www.nationalgrid.com/uk/electricity-transmission/network-and-infrastructure/network-

route-maps
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The timeframes for deployment are also expected to align with requirements for UK
Government funding and competitions. Projects selected for the Track-1 funding
pathway are expected to have initial deployments by the mid-2020s, whereas Track-
2 projects would be expected to deploy by 2030.

In cases where existing infrastructure is to be re-used then timeframes for CO; T&S
projects may need to align with expected dates for decommissioning of O&G assets
to avoid the unnecessary economic impacts of mothballing the equipment. This timing
was previously an issue for BP’s Peterhead proposal in the UK’s second CCS
competition. However, the use of already decommissioned infrastructure could still
be viable, as illustrated by the proposals for the V-Net Zero Project which plan to use
the Viking fields - these ceased production in 2016 with decommissioning near
completion®,

Assured future capacity of storage sites is of importance if CCS is to be a long-term
abatement solution for emitters. Therefore, clusters and T&S projects need to
consider future demand, injection limits, and potential expansion to nearby fields. In
early years, capacity may be limited requiring prioritisation of storage.

Shipping Exports

In some regions, the transport of CO, to storage facilities via shipping is being
investigated as a key option — such as in South Wales where local storage availability
is limited. Other clusters would have the potential to also develop CO; shipping
infrastructure, for example, if challenges arose with pipeline developments.

The export of CO; from such regions requires selection of and agreement with a
suitable storage site, considering development timelines and the technical
specifications for the gas. New vessels and shipping infrastructure would be needed,
and port capacities should be considered.

The use of CO; shipping for CO; transport could provide clusters with additional
flexibility, as they would not necessarily be dependent upon a single storage project
and could send CO; to whichever project is first developed. There could also be
potential to export CO, overseas (for example to the Northern Lights project) or to
choose the most cost-competitive storage option.

The use of shipping as a transport method raises questions on how the onshore
transport network should be developed and how CO; is aggregated between emitters.
For example, whether an onshore T&S network is used to connect distant emitters to
a single terminal or whether ships may make multiple stops within a region to several
local terminals. This study did not identify any detailed public proposals for shipping
in relation to UK clusters.

65 https://www.harbourenergy.com/operations/united-kingdom/decommissioning/
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Shipping Imports

e None of the UK storage projects rely solely on shipping imports, however, the ability
to accept imported CO; via ship in addition to local cluster CO, from pipelines is a
feature of proposals in Scotland (Acorn) and could become a feature of other storage
sites. This diversification can reduce the risk of underutilisation of the storage site by
allowing flexibility in CO; origins.

e Storage sites can agree on memorandums of understanding with clusters or emitters
to understand likely capacity requirements and provide greater certainty of demand.

Business case & interactions

Interactions & Responsibility

e Regarding UK Government support, the T&S infrastructure developer is expected to
act as the cluster lead in initial engagements with the government, submitting
information on strategic aims, financials, stakeholder engagement plans, and
economic benefits of the clusters.

e The development of shared transport networks is facilitated through consortiums and
partnerships, typically involving both emitters and potential T&S developers within a
region. This enables each cluster to develop a coordinated roadmap for
decarbonisation. An example is the Zero Carbon Humber Partnership.

e To ensure both the technical and commercial viability of CO; T&S networks, the
developers need guarantees that emitters will utilise the networks, and therefore may
establish memorandums of understanding with capture projects.

T&S Company

e As outlined in the UK Government T&S business model proposals, it is expected that
within a cluster/region there would be an overall entity, called the “T&S Company”,
which would:

o Be responsible for the development, construction, financing, operation,
maintenance, expansion and decommissioning of the T&S network.

o Bethe asset owner for onshore and offshore infrastructure and would need to
obtain the licence for the storage site.

o Bethe system operator, ensuring the network operates within specified limits,
managing network access, and associated tasks.

e |tis expected that ownership and liability of emissions would be transferred from the
capture site to the T&S Company, with the potential for a government support
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package providing some protections from low probability risks (such as defined
leakage events).

e The above indicates the envisioned interrelationship between onshore and offshore
transport networks.

Business Case

e The early stages of project development (such as FEED studies) are funded partially
via a range of government grants, such as grants for cluster roadmaps and the CCUS
infrastructure fund.

e The revenue for the T&S company is achieved via a regulated, the user pays revenue
model as detailed in section 4.2 of this deliverable. The T&S company receives an
allowed revenue (determined by the regulator) in the form of payments from those
that use the network considering costs such as connection fees, volume and capacity
charges. Contingent financing (from consumers and/or taxpayers) would ensure the
revenue stream is predictable and robust.

Transferability to North Sea Port (NSP)

The location of the North Sea Port (NSP) means that CO; storage would be expected to occur
offshore in the North Sea. The Netherlands has offshore storage in depleted fields and saline
aquifers, although the NSP region does not have existing pipeline connections to offshore oil
and gas platforms and does not have depleted fields directly off its coast. The NSP is however
in proximity to the PORTHOS project that aims to build a CO; transport and storage hub from
the Port of Rotterdam, with storage in depleted gas fields, that could be operational in 2024°°.
Therefore, there are opportunities for NSP to engage with PORTHOS (or other projects) to
ensure the development of sufficient offshore storage capacity and connection to the NSP
cluster. An example in the UK is the Northern Endurance Partnership that was created as a
result of two clusters aiming to jointly develop offshore storage infrastructure.

To connect the NSP cluster to an offshore storage terminal, transport could include either
long-distance pipelines to Rotterdam or CO3 shipping to sites in the North Sea. Refineries in
Antwerp receive crude oil via pipeline from Rotterdam, illustrating the existence of existing
pipeline connections between the regions. The transport of CO, between ports is the subject
of the CO2TransPorts project, which is considering the feasibility of a cross border pipeline
between Antwerp and Rotterdam. Similarities could potentially be drawn with Scotland
where it has been proposed to use existing long-distance natural gas pipelines (Feeder 10) to
transport CO; from the Grangemouth cluster to a CO, T&S terminal in St Fergus. In addition

66 https://www.porthosco2.nl/en/project/
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to storage in the Netherlands, a range of other storage projects under development in the
North Sea could be accessible via shipping, with Norway (Northern Lights) and the UK (Acorn)
projects expected to accept imports. In the UK CO; shipping is being explored as a key option
for the South Wales cluster that has limited local storage. Development of shipping
infrastructure for the NSP may provide access to a greater range of storage options and
timeframes.

Regarding onshore local transport and aggregation of capture CO, a shared local transport
network approach is relevant to the NSP due to the existence of several large emitters in close
proximity to one another that could use carbon capture as an abatement option. There was
a joint initiative between the NSP, SDR, the City of Ghent and local provincial entities to
investigate the pipeline transport in the region, considering factors such as the reuse of
existing pipelines, different pipeline diameters and roll-out timelines. One key difference
between local CO; T&S networks in the NSP compared to the UK is the element of cross-
border transport.

Like in the UK, the SDE++ mechanism for CCS®’ outlines that the cost of CO, T&S would be
seen as a fee that is incurred by the capture site. It is expected that subsidy would therefore
be provided to the capture site, with the CO, T&S operator receiving revenue for the service.
This could be comparable to the UK User Pays revenue model for CO; T&S. The regulated
asset components of the CO, T&S business model proposed in the UK may also be applicable
to CO, T&S networks in the Netherlands.

6 Conclusions

The deliverable has outlined the current progress of CCUS cluster projects in the UK and
the latest updates from the UK Government on mechanisms to provide ongoing support
to CCUS projects — referred to in the UK as “CCUS Business Models”. These
developments can provide learnings for government mechanisms to incentivise other
industrial cluster projects, that may include CCUS and learnings for cluster projects
aiming to develop alongside government support frameworks.

Driving CCUS cluster development

The UK Government has previously had two failed attempts at driving the
demonstration and commercialisation of CCUS technology, providing learnings on the
challenges for governments in supporting CCUS developments and on the challenges for
projects that rely on government support. The first competition focused on the provision

67 https://www.pbl.nl/publicaties/conceptadvies-sde-2022-co2-afvang-en-opslag-ccs
PU Page 65 Version 1.0

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under the Grant Agreement No 884418


https://www.pbl.nl/publicaties/conceptadvies-sde-2022-co2-afvang-en-opslag-ccs

D6.2 Report summarising learnings from the UK

of grants to demonstrate technologies but failed as it did not fully consider the long-
term commercial viability of the projects or their role within the future UK energy
system, and the government was unable to provide the capital support required given
the risks to the industry. The second competition placed greater emphasis on
commercial viability but failed as the government and industry were unable to negotiate
a suitable ongoing support package. The benefits of the competition were not properly
communicated to the wider government and thus the long-term support requirements
were viewed as not value for money.

The UK has learned from these past failings and the government’s present attempts to
drive CCUS deployment are now catalysing significant industry engagement, with
multiple industrial clusters developing detailed CCUS roadmaps, and broad consortiums
forming to jointly develop infrastructure networks. Key factors that are now taken into
account include:

e Clear government narrative on net-zero and the role of CCS in the short term.%8
Encouraging innovation and diverse projects
e Recognition of the need for ongoing operational support

Based on learnings from the UK, to enable the development of CCUS in industrial clusters
it is advisable to properly engage government bodies early in the process to establish an
ongoing support mechanism and ensure alignment with wider government objectives.
This is needed to raise investor confidence and provide a level of certainty to projects.
Specific learnings for government and clusters in driving deployment are:

e Public and private collaboration is vital for establishing appropriate support
mechanism. Government should be aware of the barriers faced by industry and
the level of risk they are prepared to accept. Different support mechanisms may
be needed for different industries, different parts of the value chain, or
different stages of deployment. This understanding can be gained through
research, consultations and expert groups.

e Clear and aligned ambition across government is needed to ensure that funds
are allocated in line with wider government objectives and avoid unexpected
cancellation of support packages. This requires an understanding of the wider
value of CCUS cluster projects and their role in the decarbonising industry.

e Projects can showcase benefits to emphasise alignment with broader
government objectives. For example, highlighting impacts on job creation or

68 However, the long term role, including the potential viability of the technology up to 2100 (e.qg.
lock-in potential), has not been addressed in the UK to date.
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retention of jobs, industry competitiveness, and global leadership, as well as
meeting decarbonisation targets.

e Certainty in government communication can catalyse action from the private
sector if there are clear targets and certainty around the direction for
incentives. For example, the publication of research clearly highlighting
requirements for industry and roadmaps to achieving decarbonisation targets.

Designing successful CCUS cluster projects

The UK has six large industrial clusters each with emissions totalling between 3-10
MtCO, per vyear. These clusters have been developing roadmaps for their
decarbonisation funded by the Industrial Strategy Challenge Fund and cluster projects
are expected to be a focus for government support. The UK has outlined the ambition
to have two CCUS clusters operational by the mid-2020s and a further two by the 2030s,
with ongoing competition between projects to secure allocation of the funding. This
deliverable outlined some of the maturing CCUS project concepts within the UK clusters.
Based on these projects, some insights for successful cluster design are:

e Portfolio of emitters with anchor project: The majority of projects include a
diverse range of industries that could connect to the T&S network. This builds
resilience and means that the project is robust if a single type of emitter finds an
alternative decarbonisation route or does not qualify for government support.
For the government it means that the clusters could demonstrate the application
of CCS technology to a range of industries, facilitating wider deployment. Some
clusters have included greenhouse gas removals in their plans, such as direct air
capture or bioenergy with CCS, to align with government ambition. In addition,
communication between different players in the cluster is key: the clusters
require memorandums of understanding to bring confidence for T&S network
development. In particular, within the UK, each cluster has 1-2 anchor projects
for initial network deployment that will supply consistent large quantities of CO,.

e Availability of storage: Having access to a storage site, either via pipeline or ship,
is key for the success of industrial CCUS clusters. Several UK clusters have
multiple options, which reduces the impact if one site becomes unavailable and
can also provide extra capacity for future cluster expansion. In the Humber
region, two parallel projects are evaluating different storage options. This
improves the chances of the cluster accessing a storage site and also provides
sufficient capacity for the UK’s largest cluster. However, there is still uncertainty
around the logistics within a cluster, with potential barriers that could emerge
between aligning the T&S entity (T&SCo) with the CO; sources and the storage
site operators.
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e Legacy infrastructure, skills & jobs: Multiple clusters include proposals to reuse
existing infrastructure to lower capital expenditure, therefore avoiding the
impacts and costs of decommissioning pipelines and wellheads. Clusters in
regions with an existing oil and gas industry have the ability to repurpose the
existing skilled labour force and therefore CCS is seen as a route to retaining jobs
in the region.

e Cluster-focused FEED studies: Some clusters are now conducting multi-phased
front-end engineering design studies to assess the feasibility of the project for
the cluster, evaluate the risks, and understand the techno-economics before
concluding on a final investment decision.

Based on learnings from the UK, it is advisable for CCS cluster projects to receive
memorandums of understanding from a range of emitters, determine a suitable scale
anchor project, and ensure there is an appropriate storage site available. The economics
of reusing legacy infrastructure should be considered, and any additional alignment with
government ambitions (such as job creation or wider decarbonisation targets) should be
emphasised to facilitate support for the project. Industry can raise awareness of projects
with local emitters through collaboration and techno-economics can be investigated in
multiphase FEED studies.

Business models to support CCUS

Early CCS competitions in the UK emphasised the importance of ensuring capture
projects are commercially viable, with the likely need for ongoing government
operational subsidies or alternative support mechanisms to allow capture sites to be
competitive in current markets. The UK government is therefore working to develop
different sectoral ‘CCUS business models’ that aim to provide a commercial framework
that supports CCUS deployment and ongoing operations. The UK government has
commissioned research into risks and challenges for different sectors and is engaging
extensively with industry and expert groups to develop appropriate part-chain CCUS
business models. The latest proposed business models take the form of:

o Regulated asset: A regulated asset base type model for CO; transport and
storage, with a user pays revenue model.

e |CC Contract: A contract for difference style support mechanism for industrial
carbon capture based on a strike price of the quantity of CO; captured.

e Dispatchable Power Agreement: A contract for difference style support
mechanism for carbon capture on power stations based on a strike price of
electricity generated.
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Further developments are ongoing in the UK to determine appropriate business models
for applications such as greenhouse gas removals, blue hydrogen, CO; utilisation and
CO; shipping.

This approach taken by the UK indicates the need for governments to consult the
industry to ensure any support mechanisms can suitably address the specific risks and
challenges of early-stage CCS deployment across different industries.

Transferrable learnings to the North Sea Port

It should be noted initially that the North Sea Port (NSP) spans across Netherlands and
Belgium, with the Dutch government having a contract for difference style support
mechanism known as SDE++ that was expanded to include support for CCS projects in
2020. The NSP includes a variety of energy-intensive industries. These industries have
already begun to collaborate on decarbonisation through the Smart Delta Resources
partnership which has mapped out a regional CO; reduction pathway, conducted a FEED
study and is in conversation with the Dutch government about support for CCS. The
Netherlands region also has past and ongoing CCUS projects providing learnings.

Whilst this deliverable has focused on lessons from the failed and ongoing UK CCUS
competitions and business model development, it has also highlighted the potential
relevance of these to the NSP through an initial consideration of the local industries,
infrastructure, and policy environment (section 5). In terms of similarities, the emitter
profile in the region is comparable to the broad range of industrial emitters in the
Humber cluster and there are similar interests in blue hydrogen as a decarbonization
strategy. The NSP region does not have direct access to offshore storage sites but has
existing pipeline connections to the PORTHOS cluster. The NSP may consider CO;
shipping similar to the South Wales cluster in the UK or could repurposing of long-
distance onshore pipelines, similar to the Feeder 10 transport proposals in Scotland for
Grangemouth.

There are however aspects of the policy environment, funding strategies and ambition
that may have influenced UK cluster developments that may not yet be applicable to the
NSP region. For example, the inclusion of greenhouse gas removal technologies in UK
cluster proposals and the inclusion of wider regional decarbonization strategy, such as
hydrogen production for transport or domestic heating. The policy support mechanism
in the Netherlands has similarities with the mechanisms proposed in the UK, with
contract for difference style mechanisms for capture sites and an expectation that CO;
T&S is charged as a fee to capture sites. However, there are differences in the
implementation of the support mechanisms. The UK has specific funding for CCUS
infrastructure and is coordinating funding timelines based around cluster CO, T&S
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proposals. The Netherlands instead have adopted a competitive approach between
multiple emission reduction technologies aimed at prioritizing the most cost efficient
routes.

It should be noted that further research specific to the North Sea Port will be conducted
primarily within the stakeholder analysis task of WP 6.3 and cross-project work with the
WP5 team on research into policy instruments and WP4 on integration into cluster
infrastructure. The insights from this deliverable will be used to guide further
investigations, allowing comparisons when designing and evaluating support
mechanisms and business models.
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