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Foreword
Global commitment to the deployment of hydrogen is accelerating, with national governments setting
increasingly ambitious targets for the sector. It is poised to play a key role in helping to deliver the 2050
Net Zero target. One major consultancy PwC recently noted: “Hydrogen is regarded by many as the
“Swiss army knife” of the green energy future with the potential to replace hydrocarbons in many
applications and sectors where emissions are hard to abate.”1 There is also strengthening interest in
some places, including the UK, around blue hydrogen, combined with carbon abatement through codevelopment of carbon capture, use and storage (CCUS) techniques.
The UK is part of the leading pack. Politicians and officials here have made it clear that another energy
carrier will be required to deliver Net Zero and enable a more flexible, resilient and integrated energy
system, and hydrogen is increasingly seen as playing a complementary but necessary role to low-carbon
electricity in decarbonising the economy. On the industry’s side, several interesting “cluster” projects
are being developed.
The Westminster Government has already set a target of 5GW of hydrogen capacity by 2030 and backed
proposals to promote the use of hydrogen in heating, and this direction of travel has been endorsed
broadly by the Climate Change Committee. Hydrogen is also expected to feature in the Transport
Decarbonisation Strategy, now expected mid-year. A bespoke Hydrogen Strategy is due around the same
time2 and this is likely to form an integral part of the Net Zero Strategy to be issued ahead of the CoP26
meeting in Glasgow.
However, the timing and ultimate scale of hydrogen deployment in the UK energy system is uncertain
and will depend on technology commercialisation pathways and policy support that has yet to be
defined. Policy is likely to provide strong signals to industry, underpinning short- to medium-term
investments and contributing to a post-COVID green economic recovery. Those investments will in turn
build the evidence base to inform the long-term direction of travel and the scale of the opportunity.
Hydrogen development will also grow out of local conditions and lead to the formation of local clusters
with strong regional characteristics. The East of England already has strong foundations to support early
deployment of a hydrogen cluster through continuing development of Bacton and possibly the
transformation of it into an energy hub. For instance:
• There is likely to be availability of blue hydrogen at scale from legacy Southern North Sea
(SNS) assets produced in combination with CCUS that can be landed through existing assets
and excellent storage facilities offshore for CO2 and possibly hydrogen
• Green hydrogen from the continuing build-out of wind generation off the East Anglian coast,
solar power onshore and possibly new nuclear development is also likely to make a major
contribution in a rapidly changing electricity system, where there will also be real
opportunities to use increasingly frequent low-carbon generation surpluses for conversion
through use of electrolysers
• There are excellent existing connections at the site with the onshore gas transportation
system but also major gas interconnectors with mainland Europe, and

1

https://www.strategyand.pwc.com/de/en/insights/2021/laying-the-foundations-of-a-low-carbon-hydrogen-market-ineurope.html
2
Separate and upbeat hydrogen assessments have already been published by the Scottish and Welsh Administrations.

Hydrogen East Ltd.

Page 3 of 38

Bacton Energy Hub
Exploring the potential for hydrogen in the New Anglia region and around the Southern North Sea

• While the region does not have significant industrial load like many of the clusters currently
under discussion elsewhere in Britain, it does have potential markets in, among other things,
heavy transport in various forms, heating and agriculture.
The benefits of hydrogen for the energy system are becoming increasingly clear and cost reductions are
already surpassing expectations, with the gap between blue and green hydrogen set to narrow. The
economic opportunity is therefore significant, especially if development can be targeted and aligned
with regional strengths. Here too, the East of England offers early-mover benefits given the existing
supply chain and skills already established from the oil, gas and renewable sectors, and which can be
progressively redeployed as part of a green recovery.
In this Stage 1 report, we have developed scenarios to allow us to understand these potential
opportunities and economic benefits associated with the production, transmission, supply and export of
hydrogen. These have a regional focus. As part of this, we have also produced an initial bottom-up
demand assessment to allow us to start to better identify where supply and regional demand might
meet, and which, with appropriate support, should enable demand to pull through supply sooner. This
approach should allow local communities and businesses to benefit directly through investment and
creating jobs.
Today, hydrogen stands ready as a deployable technology to integrate power and transport
decarbonisation and applicability to heat and hot water. East Anglia, led by the New Anglia region of
Norfolk and Suffolk, can make a significant contribution to realising hydrogen’s potential regionally and
make a material contribution to delivering the national strategy. By facilitating the orderly transition
and transformation of the Southern North Sea (SNS), as it moves away from commodity-based oil and
gas production, the project could be seen as an exemplar of “building back better”. But new markets
are also emerging with strong local characteristics.
The issue for the region and Hydrogen East is not whether Bacton in combination with the SNS and
further low-carbon generation development in the region can contribute to realisation of the 2050 Net
Zero target, but how big that contribution could and should be. We believe the region should have a
key role to play, borne out by the information and evidence presented in this report.
We hope this report provides a useful contribution to thinking and understanding of the regional
opportunities and where the emergent hydrogen sector in the East of England might fit into the national
landscape. There is a growing volume of literature around development of a hydrogen economy, and a
wide group of stakeholders has begun to engage. So, a key focus of our report is to set out relevant
background, and an issues framework for priority attention. We also outline some recommended next
steps for a fuller project definition stage, possibly followed by a full feasibility study.
It is the first step of several to producing a pathway to enabling hydrogen to make a significant
contribution to the region’s ambition set out in the New Anglia LEP’s Local Industrial Strategy to
becoming the UK’s Clean Growth Region. It should also allow development of thinking around different
choices and pathways in a range of regional economic sectors, as well as supporting emergence of
industrial clusters elsewhere in the UK and in neighbouring European markets.
The editorial cut-off date for this report was 1 May 2021.This is the Summary report. Our Main report –
which with appendices runs to over 200 pages – will be posted on the Hydrogen East website shortly.

Nigel Cornwall
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● About Hydrogen East
Hydrogen East was formed in July 2020 by Nigel Cornwall of New Anglia Energy and Johnathan Reynolds
of Opergy to explore the scope for uptake of hydrogen in East Anglia and development of a regional
hydrogen economy.
We secured the funding for this preliminary study in late 2020 from OGTC, the New Anglia LEP, North
Norfolk District Council and the Offshore Renewable Energy Catapult, to whom we are very grateful.
Much of the analysis in this report has been carried out by Charlotte Farmer and Michael Brown of
Hydrogen East.
We have benefitted from the support of Xodus Group for the offshore gas and storage assessment in
Section 10 and the supporting Appendix. Otherwise, all errors and interpretation are by Hydrogen
East.

● About Xodus Group
As a leading global energy consultancy, Xodus Group helps clients overcome challenges, add value to
opportunities and maximise returns on investments, responsibly. Our values of trust, responsibility and
excellence underpin our vision. They are at the heart of decision making and inform our future strategy.
In offering expert advice and solving complex problems, our multi-skilled specialists work across the
energy spectrum to address industry problems. By combining technology with our knowledge, we create
better business outcomes whether it is advisory, project development or in operational support.
Together, we will deliver a responsible energy future - www.xodusgroup.com
Headquartered in Aberdeen, Scotland with a global operations centre in London, Xodus has offices in
Edinburgh, Glasgow, Orkney, Egypt, Perth, Australia and Boston and Houston in the US.

Bacton from the sea
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1 Introduction
Urgent action is needed to achieve the 2050 Net Zero target. It is increasingly argued that hydrogen can
become the most cost-competitive, low-carbon solution for several specific use cases in the near term,
and there is growing confidence that over the longer term it can become a major source of
decarbonisation and a significant contributor to delivery of the target.
Bacton is already a key facility within the current UK energy system, and it could become a focal point
within the evolving hydrogen economy. This scoping study into a possible Bacton Energy Hub is the first
part of what we hope becomes a more detailed assessment and, ultimately subject to the results of the
work and stakeholder support, project development and delivery. It has been carried out by research
group Hydrogen East in conjunction with Xodus Group, and it has been supported by funding from OGTC,
the Offshore Renewable Energy (ORE) Catapult, North Norfolk District Council and the New Anglia LEP.
In this Summary report, we provide an overview of the background to our Stage 1 report, the analytical
process, our main findings, headline conclusions and recommendations, and proposed next steps. The
Main report and supporting appendices will be published shortly and are available on request.

2 Contexts
2.1 An emerging framework
The policy context is fluid, with hydrogen fast rising up the decarbonisation agenda.
There has been a proliferation of published national hydrogen strategies over recent years, starting with
Japan in 2017. This move has so far been followed by South Korea, New Zealand, Australia (all 2019),
Netherlands, Norway, Portugal, Germany, the European Union, Spain, Canada, Chile and Finland (all
2020). We have also seen supportive position papers from the Scottish and Welsh Devolved
Administrations. Ten additional strategies have already been announced for delivery in 2021, including
Denmark and Italy, and of course the UK where a strategy is promised for the summer.
Here in the UK, there are established markets for grey hydrogen,3 but these are clustered around
industrial sites in the north of England and Scotland. In 2018 some 23TWh of hydrogen was supplied.
There is no clear policy statement of support or joined up strategy yet for clean hydrogen, be it blue4
or green.5
Important policy documents have, however, given hydrogen increasing prominence since the release of
the Clean Growth Strategy in October 2017, especially since the adoption of the 2050 Net Zero target
in June 2019. There have been separate policy moves - notably competitions for funding - on hydrogen
production, hydrogen supply and industrial fuel switching, as well as an increased focus on carbon
capture, use and storage (CCUS).
Most recently in November 2020, the Government set out in the Prime Minister’s Ten Point Plan a target
of 5GW hydrogen production for 2030. It also endorsed financial support for two CCUS industrial clusters
by 2025 and two further sites by 2030. The expectation is that a UK Hydrogen Strategy will be published
mid-year and a more holistic Net Zero Strategy incorporating it in the Autumn, embracing action across
departments ahead of CoP26. A Heat and Building Strategy and a Transport Decarbonisation Strategy
3

Hydrogen production from fossil fuels with no carbon abatement. Carbon emissions typically 8-12kgCO2/kg of hydrogen.
Hydrogen production from fossil fuels with subsequent carbon capture and storage of associated CO2 emissions. Carbon
emissions typically 5kgCO2/kg of hydrogen.
5
Hydrogen which is produced from renewable energy. Carbon emissions typically 1kgCO2/kg of hydrogen.
4
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are also promised at some point in 2021, and these are expected to address delivery strategies for
hydrogen deployment in these two critical sectors. Elsewhere, work is ongoing on possible business
models and revenue support mechanisms for both hydrogen and CCUS.
There seems to be a presumption, however, that such development will be focussed on industrial
clusters in the North of England and Scotland. There has been relatively little consideration of the
suitability of Bacton as an energy hub, what this might look like and how it might be realised. Similarly,
there has been no detailed thinking made available on development of hydrogen markets in the region.
Thinking around the network companies’ Gas Goes Green project, which considers progressing
decarbonisation of the reticulated gas system, has firmed up, but this also does not appear to have any
particular focus on the East of England. Furthermore, the EU Hydrogen Backbone project did not
specifically consider inclusion of the UK in detail in its initial phase, though latterly it has acknowledged
extension options across the Channel, including via Bacton from 2035, but there is no description of
how.

2.2 Bacton and the New Anglia Clean Growth Region
We believe East Anglia - and notably the New Anglia region of Norfolk and Suffolk - has ideal conditions
for development of an energy hub incorporating a hydrogen cluster around the existing Bacton gas
terminal. Bacton presents a technically feasible and (subject to more detailed definition) potentially
commercially viable location to build and operate a hydrogen production facility. In turn this should be
a key enabler of the development of hydrogen strategies, projects and markets.
The wider New Anglia region is already a fertile location for low-carbon energy projects. Figure S1
illustrates the current energy production and transportation baseline.
The existing gas terminal is an established, mature facility already interconnected with key Southern
North Sea (SNS) production gas assets, and it is an obvious focus for hydrogen and CCUS development in
the region. It is also the gateway to international gas markets through two major existing
interconnectors. It is already facing important decision points by its operators on its future over the
coming years. However, the physical infrastructure, regional demand potential and emerging national
policy priorities mean that the site is set to remain strategically important and could have a significant
role in supporting national – as well as regional - Net Zero ambitions.
Bacton also offers significant potential as an energy hub. Through transitioning and scaling of separate
production processes and “joining them up”, the energy hub concept is central to the energy transition.
It embraces the idea of bringing different energy sources and technical solutions together and proving
them in combination. There was an upswing in technical literature developing the concept in 2020,
notably from the Oil & Gas Authority (OGA),6 OGTC7 and ORE-Catapult.8
There are several ways this potential can be unlocked but combining multiple technologies and processes
at scale is almost certainly the most efficient means to do so. There are different technology
combinations and permutations that could be considered and also a variety of different pathways for
delivery. However, the core components of a Bacton Energy Hub could include re-use of oil and gas
assets for carbon storage, blue hydrogen production from SNS supplies of gas and integration with
offshore wind and onshore solar for creation of green hydrogen through electrolysis.

6

https://www.ogauthority.co.uk/news-publications/publications/2020/ukcs-energy-integration-final-report/
https://www.ogtc.com/media/3874/closing-the-gap-full-report.pdf
8
https://ore.catapult.org.uk/wp-content/uploads/2020/09/Solving-the-Integration-Challenge-ORE-Catapultr.pdf
7
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Figure S1: Energy infrastructure in Norfolk and Suffolk

The OGA has identified major benefits to the energy system and decarbonisation through the
deployment of energy hubs.9 However, an energy hub is a concept rather than a blueprint and can take
several forms depending upon location and access to resources and infrastructure. The proving and
development of different hub opportunities into concrete project plans will be critical if the UK is to
move towards and deliver the 2050 Net Zero target.
In addition to excellent foundations at the Bacton terminal, there is existing infrastructure that can
readily be adopted to support regional, national, and potentially international supply of hydrogen. This
should enable a faster and more diversified attainment of Net Zero here in the UK and could provide
support to other countries’ decarbonisation plans. The New Anglia LEP has also defined at a high level
in its Local Industrial Strategy the importance of the energy economy in the region becoming the UK’s
Clean Growth Region.
Bacton is therefore an obvious focus for assessment to better understand options and development
scenarios, and to build understanding of the regional impacts and interactions. This scoping study
establishes the background to this opportunity, and clearly demonstrates the regional potential.
This potential now needs to be given increased and due weighting within the national policy
development process and plans for energy hub design at Bacton need to be turned into a more detailed
design supported by a coherent implementation plan.

9

https://www.ogauthority.co.uk/media/6625/ukcs_energy_integration_phase-ii_report_website-version-final.pdf
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3 Work programme and headline conclusions
Hydrogen East was launched in July 2020 and brought forward the idea of this assessment project
centred on Bacton as a priority to regional stakeholders.
We subsequently identified sponsors and proposed terms of reference for this initial scoping report in
August, and these were then agreed with the project funders in the early Autumn. Building on detailed
mapping work we had already carried out in late Autumn/early Winter, the analysis was formally started
in February.
This stage of the work forms the first part of a proposed three-part assessment process. The terms of
reference for this part are at Appendix C to the Main report.

3.1 Assessment process
This Stage 1 scoping study focuses on constructing the industry, market and regional baseline,
assembling an initial evidence base, reviewing relevant policy and technical literature, and building the
merits case around the Bacton Energy Hub project. To support the work on assessment of offshore gas
infrastructure options, specialists Xodus Group were appointed by OGTC to assist us.
At this stage, only this first phase of the project has secured funding. We commenced work formally on
22 February 2021 and delivered this Summary report to funders on 14 May. A launch webinar for the full
Stage 1 report took place on 20 May. The recording of the launch event is here.
In developing this Summary report and the Main report, we have shared progress with our funders
broadly on a two-weekly basis. We have also hosted webinars and engaged widely with stakeholders in
and out of the region. A log of meetings is at Appendix G to the Main report. We have also openly
communicated possible interactions with other projects that Hydrogen East and our sister company Net
Zero East are developing regionally around hydrogen and the wider Net Zero agenda.
The scoping study could then lead to a deeper, more detailed Stage 2 project definition phase under
a specifically constituted governance structure with four recommended workstreams. We are proposing
this second Stage should run for six months from 1 July 2021.
Subject to successful execution of these first two phases, these could be followed by a Stage 3
feasibility and engineering assessment. The current view is that this Stage 3 assessment will last 12
months and run throughout 2022.
Further proposals on future work and next steps under proposed Stages 2 and 3 are set out in the
recommendations section below.
Assuming these stages can follow without undue delay, we believe this will enable a ‘go/no go’ decision
on the development phase for a formal Bacton Energy Hub project and the regional hydrogen market in
early 2023.

3.2 Headline conclusions
The terms of reference agreed with our sponsors and shared with stakeholders are summarised in Box 1
below, along with an overview of our headline findings.

Hydrogen East Ltd.
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Box 1 – Summary conclusions against terms of reference

To scope the potential build-up of hydrogen production and supply through Bacton to the
surrounding New Anglia area, the wider regional economy and connected energy markets, defining
and providing indicative estimates of what these markets might be, and identifying what the key
elements of an associated energy hub might comprise.
We have used Xodus’ projections on CCUS injection rates to establish an upper bound for blue hydrogen
production at Bacton of 55.9TWh/year, with the two most cost-effective solutions able to facilitate
22.4TWh/year. Blue hydrogen production with CCUS could be operational by (or even before) 2030,
subject to completion of engineering studies.
We have not established a similar upper bound for green hydrogen at this stage because of the
difficulties of pairing production with a large, growing but unquantified offshore wind fleet off the coast
of East Anglia. We have assumed there will be increasing periods of supply exceeding demand, and the
surpluses will increase in volume, alongside expected decreases in wholesale power prices and
electrolyser costs. These factors are very hard to model, as are prevailing carbon prices. However,
production is likely to be constrained more by water and electricity supplies at given locations than a
single infrastructural bound or availability forecast.
We expect green hydrogen to emerge initially in dispersed developments across the region of <5MW in
scale in an ad hoc manner this decade, leading to a coastal cluster development in the 2030s that, in
the right conditions, could reach GW-scale. In this context, 1GW of electrolyser capacity could produce
2.6TWh annually at 50% load factor, and 5.3TWh at 100%.
Determining more granular scenarios and a phased development plan of blue and green hydrogen
production would be subject to further study in Stage 2.
We have also carried out an initial assessment of baseline demand looking at road transport, selected
passenger rail lines, heating and power generation across Norfolk and Suffolk. The central scenario
establishes that these sectors alone, and very conservatively, could require over 10TWh of hydrogen a
year by 2050 (and up to nearly 20TWh in a high scenario). This suggests that perhaps 0.38-0.75GW of
electrolyser capacity (depending on load factor) would be required locally around 2030-35 if 2TWh of
green hydrogen were needed. In a more ambitious scenario, this rises to 0.57-1.13GW (equivalent to
3TWh).
Further work to establish potential demand in sectors where there are longer development timescales
and there is more uncertainty would be addressed in the next phase of the study. These include, among
other things, ammonia production for shipping, low-carbon fertilisers and synthetic fuels for aviation.
These should significantly increase our present, very cautious demand estimates.
We have considered a range of elements that could form part of an energy hub at Bacton. The core
components include the re-use of North Sea assets for carbon storage, blue hydrogen production and
integration with green hydrogen mainly from offshore wind. This could be supplemented by other asset
types not currently present at the terminal, including battery storage, solar, wave or tidal generation,
and could see over time innovative offshore hybrid solutions as well as land-based developments.
The scale and complexity of the Bacton Energy Hub will be determined by the appetite and ability of
asset owners and operators to collaborate on a mutually beneficial design, as well as completion of
government work on possible business models and revenue support.
The strategic importance of a potential energy hub would also be elevated if the export of hydrogen to
Europe could be facilitated via the existing interconnectors, though current proposals do not see this
beginning to occur before 2035.
Hydrogen East Ltd.
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To identify possible participating offshore gas assets, including any new requirements (existing and
re-purposed assets and infrastructure). This part of the work is to be supported by Xodus Group.
The Xodus Group has identified that the Hewett gas field is a prime candidate for use as a carbon store,
both due to its size and relative proximity to Bacton. They tested a range of scenarios for how to
transport and inject CO2 at the site, suggesting that the cheapest option would be to re-use the existing
gas pipelines, subject to an in-depth engineering study.
Should the cost of such a development - or any remedial work identified - be prohibitive, the next best
solution would be a new pipeline using pipe-in-pipe technology to reduce heat loss between the terminal
and injection site. The ability to deploy such technology is a distinct point-of-difference – and advantage
- for Bacton compared to other CCUS sites around the UK, due to the relatively short distances (~30km)
from shore to store.
Previous energy hub studies have mooted electrification of gas platforms (paired with electrolysis) or
hydrogen production on dedicated facilities to produce hydrogen next to offshore wind farms as
component parts. Provisional findings suggest that such options are most unlikely to feature at least in
early stages of a Bacton Energy Hub. Electrifying relatively dispersed gas platforms with short remaining
lifespans is not thought to be cost-effective for asset owners in the SNS compared to equivalent sites in
the Central North Sea and around Shetland.
While co-locating electrolysis with offshore wind may be attractive (especially if configured to run on
sea water), there are complexities in getting the hydrogen back to shore. The steel quality required for
the pipelines is different to the current manufacturing standard, and the cost of installing a new
pipeline that runs in tandem with an offshore transmission cable would likely be cost-prohibitive at
present.

To identify interactions and potential synergies with existing, planned and future deployment of
offshore wind in the SNS and other low-carbon technologies in the surrounding East Anglian area.
We have not expressly addressed this issue at this stage because of the complexities and uncertainties
associated with further build out of offshore wind off the East Anglian Coast. We have nevertheless
addressed synergies with renewable energy generation. We show illustrative examples of how green
hydrogen production associated with offshore wind might build up.
Offshore planning and the current consenting and licensing process based around offshore transmission
operators (OFTOs) need major revision if there is to be more orderly and coordinated build out of
offshore wind, including floating installations, and proper integration of green hydrogen development.
Three reviews are presently ongoing by BEIS/Ofgem, National Grid and the Crown Estate that are
considering aspects of this issue. We hope the Hydrogen Strategy will address how this work is to be
pulled together and brought to a conclusion.
We also give examples of how smaller-scale electrolyser developments are likely to occur based on
onshore co-location with solar and other renewable technologies and local initiatives well ahead of
timing of scale deployment of larger electrolysers next decade. This is likely to be driven by network
bottlenecks, local system balancing requirements and the needs of local demand, especially in
transport, as local authorities and bus companies (among others) look to accelerate decarbonisation of
their own transport fleets.
We think there is considerable potential here, which could provide the region with first mover
advantages, perversely because of current difficulties associated with active network management.
Localised deployment of hydrogen could deliver significant flexibility benefits and help defer the need
for network reinforcement at the distribution level.

Hydrogen East Ltd.
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To identify a route-map and indicative timeline for the delivery of potential developments through
the Bacton site.
The gas networks are targeting conversion to 20% blends by 2026, with some early sections starting to
convert from 2023, though there are no firm plans for this in East Anglia.
We have suggested that development of blue hydrogen needs to be timed such that injection into the
gas grid is available from day one. This may mean that a Bacton facility is sized to accommodate a 20%
hydrogen blend in the regional network, or sized to a maximum production capacity and required to run
at low load factors in the period between 20% blending in the gas grid to complete conversion to
hydrogen.
Dates on 100% hydrogen conversion are still uncertain, with the safety case still being tested in
controlled conditions. We have considered a range of options, with an optimistic view of 100% hydrogen
by 2040 and a pessimistic view that full conversion does not come to pass before 2050.
While a scaled coastal cluster of green hydrogen production is also constrained by gas grid conversion
dates, there are opportunities to initiate early electrolysis projects dispersed across the two counties
which allow for direct offtake. We have developed several exemplars where electrolysers are paired
with different generation technologies, often in areas which currently are subject to electricity network
access limitations. These types of project would need to be developed in parallel to early demand
growth and appropriately sited to limit the distances over which the hydrogen needs to be transported.
We also see a need to establish a skeleton road refuelling network that starts by serving local ‘back-tobase’ fleets of heavy goods vehicles (HGV), including refuse collection vehicles (RCV) and buses. In time,
they could also provide HGV refuelling opportunities for haulage fleets taking goods to and from the
East Coast ports.
We hope to identify, initiate and support bringing a handful of such projects to market in the next five
years as the first step in building local hydrogen demand.

To identify barriers and possible solutions to realisation of the project.
The primary barriers to developing an energy hub at Bacton, which features hydrogen production (blue
and green) at its core, are the inherent policy, technical and regulatory uncertainties of a new market.
There is a suite of studies ongoing to test and prove the technical possibilities, and the imminent
Hydrogen Strategy should go some way to sign-posting the direction of travel on policy and regulation,
including the need to improve more coordinated regional planning of networks.
However, the safety case needs to be updated, and adoption of formal commercial business models for
producers and appropriate amendments to licensing regimes need to be in place to secure investor
confidence and funding. This is particularly true for the first wave of larger-scale hydrogen projects.

To assess the overall benefits case from development of Bacton Energy Hub and associated hydrogen
markets in terms of CO2, economic growth (GVA, jobs) and also to identify potential market
opportunities, including for skills and the regional supply chain.
A Bacton Energy Hub will see creation of economic benefits across a range of energy sectors, including
renewables, oil and gas, hydrogen, CCUS, and energy transmission and distribution. These sectors and
activities are estimated to have contributed £2.35bn in GVA to the New Anglia region in 2018 and are
expected to see investment of more than £122bn by 2050, in which hydrogen could play a crucial part.
New Anglia has been estimated to have more than 35,000 employees acting in these sectors across more
than 4,000 enterprises, with positive growth forecasts in sectors such as offshore wind likely to be
supported by growth in hydrogen.
Hydrogen East Ltd.
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We have not addressed the regional supply chain issues as these more logically fall under the Stage 2
workplan.
Our demand assessment indicates that even across the limited sectors covered in the Stage 1 report,
cumulative carbon savings could reach over 27MtCO2 by 2050. For 2050, this is equivalent to
3MtCO2/year less than the counterfactual. Other more ambitious pathways – credible but difficult to
quantify at this stage - would result in realisation of much higher levels of carbon abatement.

To assist development of constructive working relationship with other key regional stakeholders.
We have run roughly fortnightly project meetings with the funders, established strong relationships with
the gas, electricity and water network companies and already held a targeted engagement event with
the offshore gas, terminal and interconnector operators to socialise our emerging thinking.
We have also held a series of over 50 bilateral meetings with asset operators and prospective supply
chain companies since the project’s inception.
We have also engaged extensively with local authorities and regional planners.
We hope to build on these relationships in future phases of the project.

To promote the importance of the New Anglia region as a potential hydrogen region.
We conclude that - despite some significant uncertainties around policy, regulation and funding which
impact all regions - there is a wide range of energy scenarios that are likely to lead to both blue and
green hydrogen integration at the Bacton site and the surrounding area. Despite the absence of major
industrial load in the New Anglia region, there are abundant existing energy assets that can provide
pathways to sustained low-carbon development around an energy hub. There are also sizeable potential
local markets for hydrogen use in, among other things, transport, power and heating that require
decarbonisation that should act to pull through new clean hydrogen supplies.
There is excellent existing infrastructure connecting the SNS to the UK gas market. Use of this is now
well below historic levels as North Sea gas depletion runs its course. Plans have developed quickly over
the past two years on blending hydrogen into the mainland gas system, and various decarbonisation pilot
schemes are presently underway. There is significant scope for regional development of a combination
of CCUS and hydrogen storage, with pathways to widespread distribution of decarbonised gas.
Furthermore, there is over 6GW of offshore wind already operating off the East Anglian Coast with more
in construction and planning. An already constrained electricity system, exacerbated by increasingly
frequent periods of supply of renewable power exceeding demand, will also create sizeable
opportunities for production and storage of hydrogen as electrolyser costs continue to fall.
There is active discussion around further development to support delivery of the Government’s 40GW
by 2030 offshore wind target, with East Anglia very well positioned to deploy further large projects
starting with the Fourth CFD Allocation Round in December 2021.
A range of place-based opportunities are also likely to emerge around co-located solar (and to a lesser
extent coastal wind) and electrolysers as well, with benefits for electricity system operation.
Uniquely, Bacton also benefits from good interconnection with mainland Europe and access to emerging
hydrogen markets there.
Realising this potential will require a more joined up approach to planning, especially around offshore
to onshore electricity connections, a major revamp of the regulatory regime and agreement over the
safety case. We also need to identify sources of development funding and, in due course, investment.
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The work we have done, supported by Xodus Group, demonstrates Bacton gas terminal could be an
important part of supporting development of a regional hydrogen market and make a real contribution
to achievement of the 2050 Net Zero target. Through its local, national and international influence, it
could provide significant environmental and economic benefits. It shows that hydrogen development
need not be tied to industrial clusters and that there are dimensions to the issue that shows a wide
variety of use cases, some in hard-to-reach sectors. Indeed, there is a range of choices that illustrate
the diversity of hydrogen, irrespective of its provenance, and in which regionality and location is an
important dimension.
However, plans must be taken forward promptly if Bacton is to realise this role and retain its status as
a key strategic national asset, given the rate of development of other UK hydrogen and CCUS projects
around industrial clusters and increasingly strong competition for support.

3.3 Other relevant studies
We are aware of a wide range of other workstreams being carried out on hydrogen and CCUS, which
include energy hub development. Four should be specifically noted due to their relevance to our own
study. They are:
• Progressive Energy study for OGA
• National Grid Gas and RWE feasibility assessment of conversion of Great Yarmouth power
station to part hydrogen firing
• Project Orion, an energy hub project based on and around Shetland, and
• Project Cavendish and development in the Thames Estuary and around the Isle of Grain.
Headline details on each follows below.

3.3.1 Progressive Energy study for OGA
The OGA commissioned Progressive Energy in December 2020 to carry out a feasibility study of an energy
hub at Bacton after we had obtained support and funding for our project. We shared our terms of
reference with the OGA and have encouraged engagement throughout the research and report writing
phase of our project. The regulator is also a member of the regional All Energy Industry Council
established by the New Anglia LEP, to which we have provided three updates so far.
We understand the OGA’s consultant has now reported on its analysis “which will examine several
existing ideas within the oil and gas and renewables sectors, to assess whether an energy hub at Bacton
is viable and set out options that might be explored further by any potential industry consortium.”
To minimise duplication between the two Bacton studies, we discussed our approach and the progress
of our work with Progressive Energy on three occasions. While we understand they have considered
wider markets and potential demand for hydrogen, this does not seem to have a particular regional
focus. We have also ensured that there is a firm evaluation of the onshore energy system, including
electricity networks, and place-based opportunities in the New Anglia region so that the two reports
can be complementary.
A webinar of the Progressive Energy findings has been scheduled for 16 June. We look forward to seeing
the findings, any next steps the OGA might be contemplating and any opportunities to collaborate on
the next stage.
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3.3.2 National Grid Gas and Great Yarmouth power station
RWE owns the 398MW CCGT power station at Great Yarmouth commissioned in 2002. At the end of a
dedicated pipeline from Bacton, the site was considered for a demonstration of the ability to transmit
and burn a hydrogen blend.
National Grid and RWE jointly carried out early-stage assessment work around the feasibility of blending
hydrogen into the natural gas supply to the station and operation of the power
station. This assessment considered the technical issues around the potential conversion of the direct
connecting gas pipeline from Bacton (30 miles up the coast) and impacts on operation of the power
plant. Such a project could provide a valuable demonstration of use of the national gas infrastructure
for the transmission of hydrogen.
The study found that the transmission and burning of a hydrogen blend may be possible for the station,
but further work is required. The Great Yarmouth station will continue to assess a range of
decarbonisation options. Overall, it was concluded that other sites for a demonstration in the UK
should also be assessed. Findings from National Grid’s FutureGrid project10 were identified as important
in locating the demonstration project.
We will continue to liaise with both parties over touchpoints for our own work if and when Great
Yarmouth is identified as a location for future hydrogen development.

3.3.3 Project Orion
Project Orion was kicked-off in April 2020 by a project consortium consists of OGTC, Shetland Islands
Council, and latterly the Highlands and Islands Enterprise and the University of Strathclyde.11 The Orion
consortium has held over 30 supply chain workshops and sees collaboration as critical for advancing the
development of the project.
The project is aiming to become the UK’s “first green energy island and a world-leading clean energy
hub”. It plans to deliver long-term benefits for Shetland and form strong partnerships and alliances.
Strategic priorities include transitioning Shetland to becoming Net Zero, enabling Net Zero oil and gas
through electrification and taking a role as an export hub for green hydrogen.
Shetland is host to significant wind resource onshore and offshore, and it is expected to see this scaleup in the coming years. In utilisation of 4GW of offshore wind, it is estimated that Orion could produce
up to 350,000 tonnes/ year of green hydrogen for island-use and export.
The island could also be a producer of blue hydrogen through arriving natural gas supplies and storage
of CO2 in nearby depleted gas fields, such as Magnus via the East of Shetland pipeline. Hydrogen
produced could be blended and sent through to St Fergus gas terminal or exported via tanker. Oxygen,
as a by-product, could also be utilised for fish farming or for the island’s space centre.
Sullom Voe, based in the North of Shetland, is the island’s largest industrial complex and is expected to
be a good candidate for an energy hub. The 1,500-acre site and its infrastructure could be utilised for
green hydrogen production and offshore wind support, whilst the site itself could see establishment of
an energy park “for harnessing skills to sustain and create new jobs”.
A techno-economic screening of Orion and Northeast Scotland will now commence in June 2021. Further
funding is being sought for feasibility and concept studies over the coming years.

10
11

https://www.nationalgrid.com/uk/gas-transmission/insight-and-innovation/transmission-innovation/futuregrid
https://www.shetland.org/blog/green-hydrogen-potential
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3.3.4 National Grid Gas and Isle of Grain feasibility study
Project Cavendish is based on Isle of Grain region to use existing infrastructure to supply hydrogen to
London and the Southeast, including generation, storage, transport and CCUS. It is part of the wider
HyNTS programme being taken forward by National Grid Gas.
The project was examined in detail in a report commissioned by National Grid Gas under Network
Innovation Allowance funding in March 2019 and which reported in February 2020. The project was
delivered in collaboration with gas distributors Cadent and SGN, and the report was written by
consultant Arup.12
The main conclusions of the report were:
• For hydrogen to have a part to play in the decarbonisation of London and the southeast of
England, a large-scale hydrogen production facility will be required, which will provide a
multi-vector solution through the decarbonisation of the gas grid
• Isle of Grain offers a prime location for a hydrogen production facility as it provides ease of
access into the current natural gas infrastructure through the Liquified Natural Gas (LNG)
facility
• Three significant anchor loads in three CCGT power stations in operation, plus a fourth with
planning consent
• Further benefits of the location are:
o

The deep-water import terminal, which over time will provide export opportunities

o

Future opportunities with feasibility work already completed on a long-term CCUS
solution for the region

o

There are longer-term transition options for the production of green hydrogen through
access to offshore wind generation

• For these reasons, the Isle of Grain is a viable location for an initial 176MW hydrogen
production facility, scaling over three subsequent phases to 7.4GW, and
• The development could reduce CO2 emissions by 11Mt/year by 2040, enough to decarbonise
half of the carbon supplied to London and the Southeast of England.

12

nia_nggt0143NIA_NGGT0143ProjectCavendishTechreport-1.pdf
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4 More detailed conclusions
Our more detailed conclusions from the Main report are set out below. They cover:
• Bacton Terminal and the wider system
• Offshore gas infrastructure
• Onshore gas infrastructure
• Offshore electricity infrastructure
• Onshore electricity infrastructure
• Energy demand and the role for hydrogen
• CCUS in the SNS
• Gas supply case
• Regional uses and hydrogen demand assessment
• Cost forecasts
• Pathways to deployment
• Barriers and enablers, and
• Benefits case

4.1 Bacton Terminal and the wider system
• Bacton is a large, active terminal with considerable strategic value owing to its current
operations and location close to existing pipelines offshore and proximity to the SNS. It
presently enables flows of up to 20% (equivalent to 30% of gas demand from end-users) of
offshore gas supplies into the UK
• The site also offers good connections to large centres of demand via the National
Transmission System (NTS), from five major pipelines running from the coast to areas outside
East Anglia
• Typical annual end-user demand for gas (i.e., excluding power generation) across the system
is just over 505TWh, of which 125TWh is consumed in London and the Southeast. The total
consumption in Norfolk and Suffolk is currently 12.5TWh and 44.6TWh in the East of England
• When adding in natural gas use in power stations, total national demand reaches 776TWh
(net of losses). These stations include two combined cycle gas-fired power stations
connected to the gas grid in Norfolk: King’s Lynn (382MW) and Great Yarmouth (398MW).
Both are seeing increasingly peaky loads with frequent shutdowns
• The Great Yarmouth station has a dedicated pipeline from the Bacton terminal
• When looking at other places where gas offtake from the NTS occurs in Norfolk and Suffolk,
there are six main locations (excluding the interconnectors), including four offtake points
where the Cadent Gas Local Distribution Zone (LDZ) connects into the NTS within the New
Anglia region, and
• Bacton is uniquely connected to Europe, via two large gas interconnectors, both of which
now accommodate two-way flows, which could support gas delivery for hydrogen production
in the near term or provide hydrogen export opportunities in the longer term.
Hydrogen East Ltd.
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4.2 Offshore gas infrastructure
• There are several both active and disused offshore gas pipelines into Bacton that could be
repurposed for transportation of both CO2 and hydrogen
• Present and projected SNS gas flows from active gas fields could readily feed a sizeable
hydrogen production facility
• There are options for pipeline infrastructure re-use for CCUS in the SNS
• Inactive gas fields in the SNS could be repurposed for CO2 storage
• There are excellent connections into the onshore gas network that could support the flow of
sizeable quantities of hydrogen into the UK system, subject to appropriate integration work
and regulatory approvals
• Early sections of the onshore grid could be converted to hydrogen in the 2030s, with a
connection between Bacton and the industrial clusters by 2035, ready to facilitate a
hydrogen export market, and
• Bacton interconnectors could be hydrogen-ready from 2035.

4.3 Onshore gas infrastructure
• At present, regulation limits hydrogen injection to 0.1% of gas volumes supplied, though
demonstration schemes such as HyDeploy at Keele and others in the Northeast are already
examining the use of up to 20% hydrogen blends
• The gas network companies are hoping that the gas grid will be ready for conversion in 2026.
It is likely that 20% blends will be adopted initially
• Both National Grid Gas and Cadent are also actively investigating the technical, commercial
and safety cases for repurposing the gas network to take hydrogen blends of up to 100%
• Views differ on whether and, if so, what the target date for 100% should be, with 2045
mooted in industry studies
• There are already 11 injection points to the gas network for biomethane and biogas in Norfolk
and Suffolk, and
• Access to gas across Norfolk and Suffolk is mixed (with some local authorities seeing <50% of
households with gas connections). This would affect the reach of hydrogen in decarbonising
heat in some areas.

4.4 Offshore electricity infrastructure
• The East Anglian coast hosts over 6GW of offshore wind, a significant proportion of current
UK build out, with extensions and large new windfarms in various stages of development.
While there remains uncertainty around specific projects, connections and timing, further
applications for significant new build are expected
• Major growth in offshore wind is seen as an important strategic goal to deliver the 2050 Net
Zero target by the Government. The Prime Minister’s Ten Point Plan in November 2020
increased its 30GW target for offshore wind for 2030 to 40GW
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• Further offshore wind development is likely to significantly increase periods of surplus
electricity production; electrolysis could act as an offtaker for this energy, which might
otherwise be constrained off the system
• There are concerns regionally about the disruption around offshore wind transmission cables
and substations, which have been developed on a case-by case basis with single
uncoordinated “OFTO”13 connections, and
• National Grid and BEIS with Ofgem are separately both presently conducting a review of
offshore planning, which is due to report by the middle of 2021. The Crown Estate is also
carrying out its own review of leasing.

4.5 Onshore electricity infrastructure
• The network around Norfolk and Suffolk is constrained to varying degrees and careful
consideration around siting of new assets is already needed. Much of the region is already
subject to “Active Network Management”, which means recently added generation can be
constrained off the system to deal with risk of overload. In practice, this means that many
renewable generators have non-firm access rights to the electricity system
• In 2020, there were increasingly frequent periods of curtailment for both offshore and
onshore generation assets
• Siting of onshore cable trenches and the absence of any coordinated integration plans is also
already a regional concern
• Industry studies have shown that there are local system benefits from using electrolysers to
operate under constrained connection conditions for managing loads and providing services
to generators in generation-constrained networks, and they can also support reinforcement
deferral
• There are many distributed solar assets In the New Anglia region (with more expected),
which could support early deployment of behind-the-meter electrolysis
• Plans to develop a new nuclear facility at Sizewell are at an advanced stage, and EDF Energy,
the existing station owner, has already released a call for expressions of interests for a 2MW
electrolyser using electricity from Sizewell B to produce hydrogen to support decarbonisation
of the Sizewell C construction process14
• There are also opportunities to use the electricity and heat from the new site to support
larger-scale electrolysis in the area
• More generally the East of England is already a net electricity exporting zone and plant
closures elsewhere are increasing these east-to-west power flows, and
• Change to the current planning regime is inevitable and necessary. Offshore developers may
need to collaborate on innovative solutions to minimise disruption. This is likely to lead to a
more joined up approach to planning energy infrastructure in the region and assets and could
mean early adoption of integration projects.

13

OFTO stands for Offshore Transmission Operator. This are individually owned and operated transmission connections that
connect offshore windfarms to the mainland electricity networks, and are not owned by the station operator.
14
https://www.edfenergy.com/energy/nuclear-new-build-projects/sizewell-c/news-views/sizewell-c-and-hydrogen
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4.6 Energy demand and the role for hydrogen
• The New Anglia region is part of the Eastern Power Network electricity distribution system
(or GSP Group) owned by UKPN
• In 2019 electricity consumption was 7.2TWh in the New Anglia region, a change of 0.2TWh
compared to 2018, down almost 3%. The wider Eastern GSP Group comprises most of East
Anglia and consumption was 25.7TWh (2019) and 26.0TWh (2018), a fall in electricity demand
by 1.2%
• The region is also wholly within the East of England gas Local Distribution Zone served by
Cadent
• In 2019 gas consumption in Norfolk and Suffolk was 12.5TWh, a change of -0.8TWh compared
to 2018, down almost 6%. The wider East of England figures were 44.6TWh (2019) and
45.5TWh (2018), a reduction of around 2%
• Currently, domestic heat and transport use 970TWh of fossil fuels per year nationally. This
is over three times the current total demand for electricity, illustrating the scale of the Net
Zero challenge. Additionally, there are sizeable transport and heat markets in the New Anglia
region that require decarbonisation at scale
• If complete electrification were pursued, hugely extensive network reinforcement would be
required, especially given that multiple areas on the distribution network are already highly
constrained. As such, hydrogen (and other low-carbon gases such as biomethane) can support
decarbonisation across a range of applications subject to transportation and delivery to end
users
• Around 270TWh of natural gas is used in electricity generation (equivalent to electrical
output of 129TWh). There appears to be a consensus that even as renewable electricity
generation increases and conventional thermal generation is displaced, there will still be a
role for flexible and dispatchable plant for both national and local balancing, some at least
could be part-powered by hydrogen
• Hydrogen is also likely to have a role in counteracting volatility and seasonality that would
otherwise have to be absorbed by the electricity system, which itself already faces the
prospect of substantial reinforcement to accommodate growing EV, heat pump and battery
users
• Furthermore, by repurposing the gas grid to hydrogen, the natural storage capacity of the
gas network would be retained and could provide opportunities to maintain some long-range
energy storage
• A diverse range of offtake applications can (or will be able to) directly substitute hydrogen
for natural gas
• There are technological solutions across all demand sub-sectors, but the scale and timing of
hydrogen adoption is highly contingent on the policy and regulatory decisions taken in the
next few years, and
• For green hydrogen, further reductions in the cost of both electrolysers and renewable
energy will be required, and the timing of these reductions will be critical to the timing of
its deployment. However, it is likely that additional value will be available from flexibility
markets, especially if these markets achieve local granularity.
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4.7 CCUS in the SNS (Xodus Group conclusions)
• The Bacton site benefits from its proximity to depleted gas reservoirs and infrastructure,
such as the Hewett field for storage capacity. Further storage is available in saline aquifers
within the SNS
• Depleted gas reservoirs do represent a challenge with regards to injection strategy and
heating requirements. Dense phase CO2 cannot be injected into a depleted reservoir at
seabed temperature conditions and will require heating. There is no perfect solution, and a
compromise between injection capacity and the requirement for a large heating demand
will be needed
• Seven scenarios were examined by Xodus Group for technical viability, heating requirements
and cost, which brought out three leading solutions that they conclude merit further
investigation
• Re-use of existing pipes (without heating) is the preferred option, but it would need to be
subject to an extensive engineering study
• If the cost of remedial work is found to be prohibitive, a new connection to the Hewett field
using pipe-in-pipe technology is the leading alternative
• Xodus anticipates that a blue hydrogen production facility at Bacton would provide the base
load and anchor the project. It is unlikely that the full capacity of the CO2 transportation
and storage system associated with it would be utilised from Day 1. Additional CCUS users
could then be secured post start-up from both the UK but also internationally, given Bacton’s
location close to Europe
• The likelihood of electrification of oil and gas facilities in the SNS is low. There is an
insufficient number of fields that have a remaining life of more than 15 years or have power
generation requirements that can support an electrification project at scale.15 This limits
the choice for developers looking to establish offshore production sites to compete with
onshore facilities, and
• The Xodus Group report is at Appendix F to the Main report.

4.8 Gas supply case
• Bacton is expected to process approximately 450 million standard cubic feet per day
(mmscfd) of natural gas by 2030, assuming a basin-wide decline rate of 8%
• Reflecting Xodus’ estimates on CO2 injection rates, a hydrogen production facility sited at
Bacton could support 22.4 to 55.9TWh of annual blue hydrogen production by 2030 depending
on carbon storage injection rates, gas grid blending levels and demand from other locallyconnected assets
• Amendment of the Gas Safety (Management) Regulations 1996 to enable a blend of up to
20% hydrogen in the NTS will encourage the production of blue hydrogen at Bacton
• Interconnector readiness for hydrogen by 2040 will further encourage both blue and green
hydrogen production from a Bacton Energy Hub

15

Basins such as the CNS and West of Shetland are much more suited to electrification where there is a greater
concentration of assets with longevity plus far higher power generation demands.
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• For green hydrogen, the potential scale of production is only limited by availability of
renewable electricity and adequate volumes of water (both of which resources are subject
to constraints in Norfolk and Suffolk). Therefore, identifying appropriate sites and tie-ins
with renewable generation is key
• The speed and scale of hydrogen production growth in East Anglia is ultimately dependent
on national policy and regulations emerging in good time, and
• The ratio between blue and green hydrogen production is likely to shift over time, depending
on relative costs.

4.9 Regional uses and hydrogen demand assessment
• We can see a range of applications and demand uses of hydrogen across the region. Our
Stage 1 work is limited to selected applications, in transport, heating and in preserving
current levels of peaking power generation
• Local demand for hydrogen is already beginning to emerge in a range of important subsectors, and there is scope to build this organically
• Our provisional demand assessments, restricted to certain market sub-sectors only at this
stage, indicates that hydrogen demand in 2050 could conservatively range between around
2TWh to 20TWh
• Our central scenario, which assumes 20% hydrogen in the grid by 2026 and 100% by 2045,
estimates over 10TWh of hydrogen demand in Norfolk and Suffolk alone in 2050, even with
high levels of switching from gas central heating to heat pumps
• These estimates are deliberately conservative. They do not, for instance, take account of
new purpose-built power stations that might burn hydrogen for system balancing purposes
or more diverse and speculative transport use cases, including construction, agriculture,
shipping and aviation, and
• In this context the New Anglia region, which is very dispersed and has relatively long average
travel distances, has high volumes of heavy vehicles (e.g., freight, agriculture, haulage)
• Furthermore, the relatively constrained electricity network will also present challenges for
electrification of transport, especially in more remote areas
• For these two reasons, hydrogen can be expected to be an attractive alternative to
electrification of transport in the region, especially for larger vehicles, and
• We would expect the imminent Hydrogen Strategy to provide some clarification around
business models and revenue support for both blue and green hydrogen. The Transport
Decarbonisation Strategy is also likely to address decarbonisation options for larger vehicles.
• We conclude that a regional market in hydrogen with anchor loads will emerge irrespective
of progress in industrial clusters elsewhere in the UK and irrespective of wider discussions
around repurposing of the gas network, and interest in developments of this type is already
beginning to emerge.
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Table S1: Initial hydrogen demand assessments for selected sectors over time (TWh)

Low

Central

High

Sector

2030

2040

2050

Transport

0.02

0.20

0.74

Heat

0.48

0.14

0.07

Power

0.48

0.48

0.48

Total

0.98

0.82

1.29

Transport

0.05

0.60

1.94

Heat

0.55

0.41

4.58

Power

1.47

1.47

3.82

Total

2.07

2.48

10.34

Transport

0.06

0.75

2.30

Heat

0.78

9.71

8.49

Power

1.88

8.11

8.11

Total

2.72

18.57

18.90

4.10 Cost forecasts
• Grey hydrogen production from fossil fuels is currently more cost-competitive than from
renewables but blue hydrogen can already compete in some locations and, in the longer
term, green hydrogen is likely to be able to compete as well
• Most studies suggest blue hydrogen will remain the most cost-effective low-carbon hydrogen
technology in most locations through to 2030, becoming cost competitive with unabated gas
by 2040 driven predominantly by an increasing carbon price
• Blue hydrogen production estimates are currently reported in the range of 1.1-2.1 £/kg of
hydrogen16 meaning competition with natural gas may be achieved
• In the short term, green hydrogen costs are being reported from the same source in the
range of 2.2-5.4 £/kg of hydrogen
• However, scale-up and innovation should drive down costs and could help secure cost parity
with hydrogen produced from fossil fuels
• As for green hydrogen, commentators expect a narrowing of the spread in costs relative to
blue hydrogen as costs of renewable electricity fall further
• Over the past year, these forecasts have been subject to rapid change, and some recent
studies have suggested this change-over in favour of green hydrogen relative to blue could
be as early as 203017

16
17

https://home.kpmg/xx/en/home/insights/2020/11/the-hydrogen-trajectory.htmlKPMG, January 2021
https://about.bnef.com/blog/green-hydrogen-to-outcompete-blue-everywhere-by-2030/, May 2021
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• Electrolyser costs have until recently been $850-1000/kW (£611-719/kW) but as yet reflect
very small-scale production. EU commitments to have 40GW of electrolyser capacity in place
by 2030 and recent forecasts of 200GW of hydrogen electrolyser projects, 85% of which are
in Europe,18 should encourage scale-up and enable these costs to fall rapidly, and
• In some cases, locational factors (e.g., export constraints combined with low-cost
renewables and high alternative fuel costs) may mean green hydrogen might secure market
share on a place-specific basis sooner, especially in the transport sector.

4.11 Pathways to deployment
• The physical infrastructure, regional demand potential and emerging national policy
priorities mean that Bacton is a strategically important site that could have an important
role in supporting regional and national Net Zero ambitions
• There are several ways this potential can be unlocked, but we strongly believe that the
creation of an energy hub, which combines multiple technologies and processes at scale, is
the most efficient means to do so
• There are many active variables that will determine how an energy hub emerges around
Bacton (as elsewhere) and its scale and scope
• At this stage we have provided three illustrative pathways or types of models differentiated
by the level of ambition and the approach adopted for development. They are:
§

Piecemeal adoption

§

Collaboration model

§

Facilitated model, and

• Of course, these pathways are not mutually exclusive, and they could represent a
development pathway over time with pathway 1 transposing into pathway 2 and ultimately
pathway 2 transposing into pathway 3, and
• The pathways show some of the characteristics of other emerging development plans for
energy hubs incorporating hydrogen, notably Project Orion in Shetland and Project
Cavendish at the Isle of Grain and in the Thames Estuary. However, there is strong local
differentiation reflecting the absence of industrial load but other diverse use cases around
transport and agriculture.

4.11.1 Piecemeal adoption
• We call Illustrative pathway 1 “Piecemeal adoption”: This pathway describes a scenario
whereby a relatively small-scale blue hydrogen production facility is established at Bacton
alongside CCUS in the SNS, but there is limited regard to developing an integrated regional
approach to hydrogen development
• Market size increases as the scope for blending into the gas network increases but with some
dispersed green hydrogen production also emerging regionally
• There is no proactive strategy under this scenario to scale offshore wind production and to
integrate it into the energy hub and the regional energy market

18

https://auroraer.com/media/companies-are-developing-over-200-gw-of-hydrogen-electrolyser-projects-globally-85-ofwhich-are-in-europe/, May 2021
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• The development provides enough hydrogen to serve local demand, but its national impact
is hampered by lack of co-ordination and limited security of demand, as well as limitations
on volumes that can be injected into the NTS, national policy bottlenecks and continuing
regulatory barriers
• There would be no first mover attempts to develop a Hydrogen Neighbourhood in the New
Anglia region
• Pockets of local supply would emerge mostly around solar installations and be used
predominantly for heavier vehicles for transport, especially in parts of the electricity system
that are difficult to reinforce at a scale and speed to match new EV and heat pump demand.
• Mechanisms developed by distribution system operators (DSOs) to support regional flexibility
remain weak, and electrolysers are not used as part of the local balancing toolkit, and
• Depending on the size of the hydrogen production facility at Bacton, domestic markets and
European markets would compete for surpluses.

4.11.2 Collaboration model
• Illustrative pathway 2 we term the “Collaboration model”: This pathway describes a scenario
where more coordinated action and greater policy certainty is used to establish an energy
hub at and around the Bacton terminal
• It sees a blue hydrogen production facility established at the site, alongside CCUS in the SNS,
with the probability this might increase scale over time
• There would be integration of green hydrogen production clustered along the coast, with
early-stage development possibly from co-located solar and hydrogen actively supported by
Local Authorities and other existing asset owners
• DNO flexibility tenders extend to resolution of local bottlenecks, and investment in hydrogen
electrolysers is seen as an integral part of the DSO’s flexibility toolkit
• The development provides enough hydrogen to serve local demand. Over time, it could also
make a rising contribution to meeting hydrogen demand outside the region particularly for
heating, utilising the NTS to access customers in London and in the Southeast, and possibly
the development of some limited Hydrogen Neighbourhoods in the local gas LDZ system
• We would expect a pathway such as this one (naturally subject to variations) as the most
probable case for the Bacton site and surrounding region over the medium term after issue
of the Hydrogen Strategy. It is hoped that this document will set out a clearer regulatory
and commercial framework that supports CCUS and hydrogen-based models, and
• There would need to be increased coordination at the regional level, perhaps supported by
development of a Local Area Energy Plan and by collaboration between electricity, gas and
water utilities in the region.

4.11.3 Facilitated model
• Illustrative pathway 3 is the “Facilitated model”, which is an actively planned, crossvectoral pathway: This describes an optimised energy hub that integrates relevant sectors
active in Norfolk and Suffolk across heat and transport, as well as electricity. There are
material contributions from both blue hydrogen from SNS and green hydrogen from offshore
wind but also includes hydrogen derived from local solar at scale, and nuclear power and
heat
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• This approach could also factor in other regional innovation projects and workstreams such
as Freeports East and the Lowestoft Power Park, as well as other local schemes
• Demand would be across economic subsectors with active strategies adopted to decarbonise
these
• The region would be the focal point of a clean transport hub with a core infrastructure of
hydrogen refuelling stations. Hydrogen use extends extensively across heavier transport,
including shipping and aviation
• Hydrogen use in marine operations in support of offshore wind would be actively developed
• There would be an early and coordinated transition of fuel substitution in agriculture
vehicles, and fertiliser production involving ammonia would be based on green hydrogen
• There would also be deployment of hydrogen for rail traction along the lines already
earmarked by Network Rail
• Bacton would be connected into a continental network through the European Hydrogen
Backbone at the earliest opportunity, and be an anchor point within the GB hydrogen
network
• This is an extremely ambitious option that for realisation will require major changes to
institutional arrangements regionally. The approach might be supported by a regional
hydrogen plan and would require the support of a wide range of stakeholders
• It also assumes carefully designed national policy support mechanisms with a purpose-built
framework that allows an increased degree of flexibility from the relevant governing and
regulatory bodies that control each sector, and increased coordination between them, and
• The facilitated model can be represented pictorially, as at Figure S3 over the page. We also
term this The Hydrogen Network Vision for New Anglia.

4.11.4 Key features of illustrative pathways
The key attributes of the pathways and implications for deployment are summarised at Figure S2.
This shows, the greater the collaboration and the greater the policy coordination, the sooner green
hydrogen could achieve scale penetration - subject to the relative economics of the different types of
hydrogen and local circumstances - on a regional basis.
Figure S2: Key features of Illustrative Pathways and implications for timetable
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Figure S3: Hydrogen network vision for New Anglia
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4.12 Barriers and enablers
• There is abundant literature on the current drivers but also barriers to hydrogen scale-up
and pathways to competitiveness, and various sources are referenced throughout the Main
report
• A recent report by IRENA is particularly concise,20 and sets out six drivers:
•

Technologies ready to scale up

•

Power system synergies and benefits

•

Government objectives for Net Zero energy system

•

Low variable renewable electricity costs

•

Broader use of hydrogen across the wider economy (not focussed on fuel cells), and

•

Multiple stakeholder interest.

• It also sets out five main barriers:
•

High production costs

•

Lack of dedicated infrastructure

•

Energy losses during conversion

•

Lack of value recognition, and

•

Need to demonstrate green and associated measurement issues.

• The Government’s Hydrogen Strategy is expected shortly. We would expect it to set out a
holistic policy framework and address a series of key enablers, including:
•

Revenue mechanisms that allow developers to manage price volatility and support
investment decisions

•

An unambiguous and forecastable carbon price

•

A clear and stable legal and regulatory framework

•

More stable and consistent methodologies for charging for energy transportation

•

More focused and coordinated regional planning, possibly along the lines of a Strategy
for the North Sea as advocated by the Policy Exchange in its November 2020 report the
Future of the North Sea21, but which also extends onshore and includes transport, and

•

Development of an over-arching and proportionate safety case and testing of user views
on acceptability of substitution of hydrogen for natural gas.

• At a lower level we have also carried out an initial assessment of barriers and enablers of an
energy hub at or near to Bacton. At this stage we have focused on identifying the issues and
establishing a framework for fuller definition and tracking them.
• This initial assessment is summarised at Table S2.
20

https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2020/Nov/IRENA_Green_hydrogen_policy_2020.pdf, see
notably pp13-16.
21
https://policyexchange.org.uk/wp-content/uploads/Future-of-the-North-Sea.pdf , p14.
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Table S2: Framework to develop tracking of barriers and enablers
Topic

Barrier/enabler

Severity

Context

Policy

Hydrogen Strategy

High

Clear signposting on policy direction to catalyse
investor confidence

Policy

Business models/commercial
frameworks

Priority

How early hydrogen production is to be
facilitated/supported will be key to building
businesses cases

Regulation

Regulatory frameworks

High

Essential for understanding project constraints on
scope/complexity

Regulation

Greater flexibility from
supervisory/licensing authorities

High

Essential to maximise impact of innovative crosssector collaboration

Regulation /
technical

Proving the safety case for hydrogen

Priority

Essential to secure project viability

Regulation /
technical

Blending hydrogen into the gas
networks (20%)

High

Allowing blending into the gas grid unlocks ability to
scale hydrogen production (esp. blue)

Policy/
regulation/
technical

Converting the gas networks to ~100%
hydrogen

Priority

Decision to repurpose gas networks to ~100%
hydrogen secures longevity and scale for hydrogen
projects

Supply chain
and costs

Significant reduction in electrolyser
capex costs

High

R&D drive could bring forward scaled deployment of
electrolysers

Supply chain
and costs

Reduced delivery timescales

Low

There can be ordering delays associated with
certain components. Growing/streamlining supply
chains will reduce delivery timescales

Supply chain
and costs

Achieving cost parity between blue
and green hydrogen

Medium

Achieving cost parity sooner will reduce timescale
of blue hydrogen dependency

Coordinated
action

Strategic network planning – NGG,
Cadent, NGESO, UKPN

Priority

Finding optimal place-specific energy solutions can
only be achieved with collaboration between
network companies

Coordinated
action

Collaboration with (and between)
offshore wind farm developers

High

Co-operative action could reduce the impact on
coastal communities from transmission cables and
provide diversified revenue streams

Coordinated
action

Integration of water companies
(Anglian Water, WRE) into energy
strategic planning

Medium

The integral role of water in green hydrogen
production (and wider Net Zero activities) require
active involvement in project planning

Coordinated
action

Ensuring hydrogen supply and demand
develop in parallel over time

Medium

Careful consideration is needed to ensure that
developments are timed appropriately to prevent
mis-timed investment or stranded assets

Coordinated
action/ policy

Facilitating an export market backed
by Hydrogen Guarantees of Origin

Low

Bacton offers ideal opportunity to link into the
European Hydrogen backbone, but customers on the
continent may insist on proof of green origin

Coordinated
action

Raising community awareness and
acceptance of hydrogen

Medium

The community and planning authorities need to
feel comfortable with the technology and be
reassured that benefits will be felt locally
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4.13 Benefits case
• A Bacton energy hub will see creation of economic benefits across a range of energy sectors,
including renewables, oil and gas, hydrogen, CCUS, transport and energy transmission and
distribution
• These sectors and activities are estimated22 to have contributed £2.35bn in GVA to the New
Anglia region in 2018 and are expected to see investment of more than £122bn by 2050 in
which hydrogen could play a crucial part
• Existing offshore gas, offshore wind, nuclear and utility workforces are likely to possess many
of the key skills and experience needed to support an emerging hydrogen production sector
• New Anglia has been estimated to have more than 35,000 employees acting in these sectors
across more than 4,000 enterprises, with growth forecasts in sectors such as offshore wind
likely to be supported by development of hydrogen
• The level of job creation from emergence of a regional hydrogen economy is very dependent
on the assumptions used, but growth will enable a much smoother transition away from
dependence on the oil and gas sector, support faster regional growth in the offshore
renewables sector and create new requirements and jobs in the emergent hydrogen supply
chain and market
• Our demand assessment indicates that even across the limited sectors covered in the report,
cumulative carbon savings could reach over 27MtCO2 by 2050 (central scenario). For 2050,
this is equivalent to 3MtCO2/year less than the fossil fuel counterfactual, and
• Other more ambitious pathways would result in realisation of much higher levels of
abatement.

22

These estimates are derived from research carried out by Opergy in 2021.
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5 Recommendations
In this section we summarise our main recommendations and proposed next steps.

5.1 Moving to the next stage
The Main report from this scoping stage has set out in detail the component parts of the current energy
industry and market baseline in the region, including an abundance of existing assets and infrastructure.
It demonstrates clearly that there is a need for further work on the Bacton Energy Hub concept and the
stimulation of hydrogen demand in the surrounding New Anglia area to provide security of demand. The
report highlights the need to determine the preferred pathway and define it in more detail. It also
identifies the main elements of a possible project definition.
We recommend that the next stage should take the form of a more detailed pre-feasibility options
assessment and project design phase. Key enabling steps are to establish with key stakeholders what
the level of ambition should be, a proposed project structure, possible consortium composition and what
the proposed pathway could be.
This second stage should then focus on project definition, and identification of the core elements of the
different segments of the project both at Bacton and regionally. They will be set out, critiqued and
developed into a coherent plan, with key options and choices identified. Stage 2 will also set out
proposals for project management and delivery, together with an associated resourcing plan and an
appropriate overarching timetable.
Commencement of Stage 2 would be subject to testing our Stage 1 findings and conclusions with regional
stakeholders, participant appetite and funding options. It is also desirable to socialise the evidence base
and findings with officials and regulators.
This next phase should also be supported by a specifically constituted New Anglia Energy Hub
Consortium and a broadly-based governance process comprised of key local stakeholders, led by the
NALEP, the Norfolk and Suffolk County Councils and North Norfolk District Council, and supported by
Hydrogen East at least during Stage 2.
We also recommend that preparations should start for a Stage 3 feasibility phase. The basic shape of
this and a core project definition should be a key focus of Stage 2.
Stage 3 should also incorporate a more detailed delivery plan and timetable for integrated hydrogen
development of the Bacton Energy Hub and also wider hydrogen market development in the New Anglia
region and surrounding area.
While the project should be rooted in Norfolk and Suffolk, we believe neighbouring counties and LEPs
should be able to attend as we develop wider plans for a regional hydrogen market. A close eye should
be kept on other emerging energy hub concepts, and notably further progress at Isle of Grain. Also
progress on the Gas Goes Green and HyNTS projects would need to be closely monitored.
The process can be shown diagrammatically as at Figure S4 below.
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Figure S4: Overview of Bacton Energy Hub assessment phase

5.2 Priority workstreams
Our more detailed recommendations for the next phase focus on the following four basic workstreams,
which all have a strong regional dimension:
• Design study and options testing of a Bacton hydrogen production facility (workstream 1)
• Electrolyser development plan for the New Anglia region and recommendations for early
stage demonstrators (workstream 2)
• More detailed hydrogen demand assessment for New Anglia, use cases and a stimulation plan
(workstream 3), and
• Development of an over-arching regional hydrogen capabilities and resourcing plan, which
should also consider touchpoints with other regional hydrogen projects e.g., Freeports East,
Isle of Grain (workstream 4).
In addition, we envisage two supporting workstreams:
• Development of project timetable and delivery plan, and
• Fuller risk assessment (including creation of a living issues log and risk register).
The six workstreams are shown diagrammatically at Figure S5. We comment on each of these further
below.
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Figure S5: Proposed core Stage 2 workstreams

5.2.1 Project oversight
This part of the Stage 2 options assessment needs to focus on a detailed blueprint for the establishment
of a Bacton hydrogen production facility and other regional hydrogen sites, under the auspices of a New
Anglia Energy Hub Consortium. The consortium would establish a steering group or committee and a
formal framework for project governance.
Existing site operators and regional network companies should be invited to join with NALEP, NNDC and
other relevant planning bodies to form the steering committee under a suitable governance structure
supported by Hydrogen East. As noted, the governance structure should actively seek engagement with
and participation from UKPN, National Grid, Cadent and Anglian Water. Any interested party (e.g., BEIS,
relevant regulators and bona fide developers) would be able to participate in the project as observers.
It should consider regional offshore and onshore opportunities separately:
• To progress the establishment of a blue hydrogen production facility that draws gas from the
SNS and injects CO2 into depleted reservoirs with injection into the gas transportation
system at the Bacton entry point, and
• To address neighbouring electrolyser-enabled markets in green hydrogen, with electricity
produced from both surplus offshore wind but also from existing and new solar and other
renewable assets built on-shore.

5.2.2 Bacton hydrogen production facility
This part of the Stage 2 options assessment would focus on a detailed blueprint for the establishment
of a Bacton hydrogen production facility, and consider the development of the Bacton site and the
immediate surroundings and the associated works.
More specifically the New Anglia Energy Hub Consortium will want to examine:
• Options identification, including a fuller technical and engineering definition and assessment
building on the work by Xodus Group, of the potential conversion and upgrading of the Bacton
terminal to support hydrogen and CCUS, including costs and viability of redevelopment of
the Hewett field as a CO2 store
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• Likely participating assets and the need for modification and addition of any necessary new
assets
• Alignment and integration, where appropriate, with National Grid Gas’s own plan for
technical studies on its Bacton facilities to understand the blending/deblending
requirements and any wider transmission/transport challenges for hydrogen and natural gas
in the network
• The medium- and longer-term potential for expansion of the Bacton complex, with possible
investment in electrolyser facilities developed perhaps on an adjacent site
• The possibility of exploring a cable landing point from offshore wind with on-site battery
storage, desalination, and electrolyser facilities, and
• The longer-term opportunities, options and requirements from integration with the
European Hydrogen Backbone project from 2040.

5.2.3 Regional electrolyser demonstrator
We also recommend early work on possible local electrolyser demonstrators and potential sites. In this
context we have separately set out our thinking on the scope of a possible solar and hydrogen
electrolyser development as part of a possible early Community Renewal Fund application or early-stage
Strategic Innovation Fund bid.23
The focus of this separate work is the establishment of a potential 2MW demonstration project on a
local municipal waste or recycling facility that could produce hydrogen for use in municipal refuse
collection vehicles, initially operated by a District Council or Councils. This could be scaled to, say
10MW, supplying other local authority waste vehicles and possibly local buses.
The study might focus on:
• Suitable sites, including existing relevant energy facilities in the region and options for solar
build out
• Available connection capacity
limitations/reinforcement needs

for

solar

deployment

and

electricity

export

• Development sequence for these sites and criteria for prioritisation
• Preferred technology (alkaline and PEM being the two main options), including technical
options, size and costs
• Water availability, including any desalination options
• Asset providers and supply chain
• Requirements for storage, on-site refuellers, transportation options
• Commercial options/route to market for energy or hydrogen or both (structure,
counterparties), and
• Flexibility options.

23

https://www.gov.uk/government/publications/uk-community-renewal-fund-prospectus
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5.2.4 Hydrogen demand stimulation
This workstream should focus on developing our Stage 1 thinking on potential hydrogen demand in the
New Anglia region.
Our work here so far in Stage 1 has been deliberately cautious, focussing on some very specific sectors
(essentially transport, heating and power and the sub-sectors within them), and we are confident more
aggressive assumptions can be used especially on larger transport, including shipping, and other sectors
can be added (e.g., food processing, fertiliser, medical, chemical and aquaculture). This workstream
would focus on this, as well as other markets for ancillary products such as oxygen, which does not seem
to have been a consideration in industry studies to date.
Part of this work will be focussed on producing a typology of applications, identifying any specific
opportunities and “quick wins”, including:
• Capacity of local authority waste vehicles sites to provide an anchor load, including
timescales of fleet conversion
• Other potential local “baseload” hydrogen demands, including agricultural vehicles, and
• Maritime operations and transport around offshore sites.
Based on this assessment we will aim to identify potential local clusters that might provide security of
demand and how these might be approached to build up necessary local infrastructure. It should set out
options for development of these local clusters, including aggregation into regional clusters.
We also propose under this workstream to develop papers already produced by Hydrogen East on the
regional use of hydrogen in key sectors, including transport, shipping, agriculture and possibly food and
drink processing.

5.2.5 Building the supporting infrastructure and skills
The Stage 2 project should embrace other discrete supporting workstreams, including market scanning,
technology and procurement approach, regulation, including health and safety, communications and
engagement.
This stage should also consider:
• Development of a regional hydrogen plan with the New Anglia LEP
• A fuller socio-economic assessment again with the New Anglia LEP to understand the wider
local and national economic impacts e.g., investment, innovation, and skills
• Regional skills and knowledge requirements, and existing workforce mobility
• Steps to support the formation of the necessary regional supply chains
• Forecasts of future hydrogen costs, and expected pathways of renewable electricity prices
and of electrolyser costs in a fast-changing world, and
• Funding models and sources and appropriate mechanisms for revenue support.
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5.3 Other regional and national energy development issues
The Stage 2 study also needs to take into account other regional developments and possible linkages,
including:
• Interactions with energy participant plans, projects and offerings in the Eastern GSP Group
• Progress on the Sizewell C project, including the progress of electrolyser development in the
area around existing Sizewell site, and how such capability could be utilised on an enduring
basis
• National Grid Gas plans for innovation around the Bacton site
• Assimilation of any plans being developed by RWE and Centrica for the Great Yarmouth and
Kings Lynn power stations respectively
• Repowering plans for the RWE windfarm at Scroby Sands
• Cadent’s evolving thinking over conversion of the local grid and consideration of options for
any Hydrogen Neighbourhood
• Given problems of access to the local electricity system and present uncertainties around
strategic investment by electricity distributors, current contractual and access rights and
limitations affecting UKPN
• The Freeports East project and the possible evolution of a hydrogen cluster to support port
decarbonisation along the East Coast, and
• Other proposals and projects developed by Local Authorities as they develop their Climate
Action Plans.
Alongside the Bacton Energy Hub project, Hydrogen East has been exploring options for early-stage work
on other hydrogen development projects, and their relevance to the project needs to be actively
considered. These include on the supply side:
• The Lowestoft Power Park
• Renewables hubs, including incorporation of solar and hydrogen production, on existing
landfill and waste management sites, and
• The New Anglia Clean Transport Hub concept.
A fuller list of projects is set out at Appendix S1.
Stage 2 also needs to have regard to other developments outside the region that might impact options
and choices in the New Anglia region. These include:
• The imminent Hydrogen Strategy, as well as promised sector strategy papers on Heat and
Buildings and Transport Decarbonisation Strategies, along with the Net Zero Strategy in the
Autumn, which will provide a framework around these free-standing strategies ahead of the
CoP26 conference in Glasgow
• Proposals and timescales for roll-out of carbon pricing in the UK, and likely levels of carbon
prices
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• Emerging proposals on rebalancing policy costs between electricity and gas consumers,
which is likely to be considered as part of an impending HM Treasury consultation on
Affordability and Fairness
• Progress with National Grid Gas’ Shaping the Bacton Terminal Strategy, its FEED study for
establishing its site as a Net Zero emissions site and the call down of the uncertainty
mechanism in its RIIO-2 price control
• Further developments from the Gas Goes Green project
• Other industry gas network development projects, including Project Cavendish, Project
Centrum (Establishing FEED solutions for supporting low carbon hydrogen at scale in the
Midlands and East Anglia) and Project Union (Looking at phasing of network conversion to
build a hydrogen ‘backbone’ for the UK)
• Progress and interactions with the industrial cluster projects
• Further offshore wind consents and planning reform
• Status of further work under the Review of OFTOs and Review of Offshore Planning, and
• The European Hydrogen Backbone project, including the stated intention of incorporating
Bacton into the design from 2035 as proposed by the project in April.
All these projects are likely to have implications for the Bacton project and hub design and timetabling.
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Appendix S1: Selected hydrogen projects in Norfolk and Suffolk
The Lowestoft Power Park Project: this project could involve the repurposing of a 2.7MW early generation
wind turbine located on the Lowestoft seafront, which is coming to the end of its operational life. It offers
potential for co-location with an electrolyser/s producing hydrogen to supply a local bus fleet, municipal
vehicles and perhaps a local food processing company.
There are allied opportunities around Lowestoft to develop a local renewables and flexibility hub, and also
to embrace in the work programme how we can support social housing groups in an area with high levels of
fuel poverty. A project group is currently being formed with a view to assessing the core options over the
summer with a possible funding call being planned under the first challenge round of the network company
Strategic Innovation Fund later this year.
Flexibility Hubs located on waste recycling and landfill sites initially in Norfolk: sites are being evaluated
that could see operating and decommissioning municipal waste sites developed by introducing new solar and
hydrogen capability, especially on sites with legacy connection capacity and/or in generation constrained
parts of the electricity network. Funding for this project might be sought under the Community Renewal
Fund or the Rural Communities Energy Fund to conduct a feasibility study this financial year.
The New Anglia Clean Transport Hub: this project might entail aggregation of pockets of local hydrogen
demand from a mix of municipal and agricultural vehicles in the West Suffolk area. This is likely to include
assessment of what infrastructure might be required to support a barebones “hydrogen highways” project
running West to East to the coastal ports. There could also be opportunities for development of local solar
capability that could provide the hydrogen supply to these facilities. We have initiated discussions with local
stakeholders, including the District Councils and potential users, with a view to initiating a project later this
year.
A more comprehensive demand analysis and options assessment for hydrogen use and development across
Norfolk and Suffolk being carried out by Hydrogen East: our initial assessments for Norfolk and Suffolk will
be set out in this, our Stage 1 Bacton Energy Hub report. Further assessment, extending into the East of
England, will be carried out in H2 2021.
Rail Network transformation: a project along the East Anglian Coast being led by Network Rail involving the
conversion or replacement of diesel rolling stock to hydrogen traction. This might be developed on its own
or perhaps as part of the emerging Freeports East concept (see below).
There are also options to convert the rail routes to Lowestoft, which also stops at Saxmundham, where
Sizewell C are proposing to upgrade the rail line to Leiston in Suffolk to support construction materials coming
by rail. This and other branch lines too could benefit from conversion to hydrogen. We have had preliminary
discussions with Network Rail on how they are evaluating these opportunities and the associated timescales,
as well as how this might interact with other work-streams we are developing.
Use of Hydrogen in Agriculture: we are developing ideas around pilot adoption schemes for land use and
agriculture projects and have opened discussions with the NFU, and will be publishing papers on this and
related issues later this year.
Freeports East: this is a third-party project being led by Hutchison, the port operator, with other regional
stakeholders (including East Suffolk District Council), presently being scoped around the ports of Felixstowe
and Harwich. It is focusing on the conversion to hydrogen of off-road construction and HGVs for dockside use
and eventually the conversion of maritime transport for use to service offshore energy assets and ultimately
shipping.
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