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The case for change

“Climate change is real, and it is
happening all across the world and
impacting on local communities in
Pembrokeshire.

Sir David Attenborough in 2019 called
climate change ‘our greatest threat in
thousands of years’, adding, ‘while
Earth has survived radical climactic
changes and regenerated following
mass extinctions, it’s not the

destruction of Earth that we are facing,

it’s the destruction of our familiar,
natural world and our uniquely rich
human culture.’

It is up to us all to change this.”

ClIr Joshua Beynon, Chair of the Net
Zero Carbon 2030 Group,
Pembrokeshire County Council

The Case for Change —net zero by 2050

The UK and Welsh Government net zero targets by 2050 require whole system
decarbonisation at scale and at pace.

Everyone has a role to play as individuals, local communities, private
organisations, industry, public sector actors and financiers to ensure we reach
these targets.

This will require technological adoption and innovation, economic, financial and
regulatory innovation, business transformation, and behavioural change.

The fastest and most effective way to deliver against country level
decarbonisation targets, is to decarbonize the energy sector as a priority.

Pembrokeshire and more specifically Milford Haven, Pembroke and Pembroke
Dock are uniquely positioned to take a leading stance on this decarbonization
journey.

The Port of Milford Haven is the UK’s largest energy port, with associated
industrial processes, jobs and skilled workforce, and Pembrokeshire has
significant offshore and onshore renewables potential.

The Case for Change —energy sector decarbonisation as a priority

Whole energy sector decarbonisation is establishing behaviours, processes and
infrastructure that bring about net zero emissions across all electricity, heat and
transport.

The UK Government has set a more ambitious target for the electricity sector of

reaching net zero by 2035, in support of whole system decarbonisation by 2050.

This will need to be met with significant additional renewables as part of the UK
electricity network than exists today, as well as some degree of carbon capture
& storage in order to meet:

¢ Decarbonisation of current electricity demand,

¢ Increasing electricity demand linked with expected population growth,

* Shifts in locational demand as urban centres grow,
* Increasing electricity demand linked to electrification of heat and transport.

There is a shared commitment across Government and industry to deliver
against these targets as evidenced by the presence and contributions of the
private sector at COP26 and through many collaborative industry studies that
are referenced throughout this report.

“We believe decarbonising energy is possible but also that it will be complex,
not least because there are many ways to reach net zero, each with their own
trade-offs.” National Grid ESO

Amongst the many ways to reach net zero, Smart Local Energy Systems (SLES)
are expected to have a significant role in supporting decentralisation of the
energy system, greater local balancing and through enabling a greater number
of (new) actors to engage.

“Smart Local Energy Systems can help to achieve these targets. Smaller scale,
decentralised energy systems utilising smart technologies can be delivered at
a local level to offer a route to net zero, while providing considerable market
opportunities associated with the transition.” EnergyREV

Pembrokeshire County Council Net Zero 2030
action plan



MILFORD HAVEN: ENERGY KINGDOM

Global hydrogen economy is projected to grow significantly

Hydrogen is expected to play a significant role in the UK energy mix

with the UK government aiming to produce up to 10 GW of

hydrogen by 2030, with at least half of this being from electrolysis Global hydrogen and hydrogen-based fuel use in the Net Zero Economy
(Department of Business, Energy & Industrial Strategy, 2022 ). Mt
Around 70 million tonnes of hydrogen is produced today with three-

quarters of it from natural gas and the rest from coal. Only close to

2% of the global hydrogen production is through electrolysis. With

the expectations of hydrogen playing a vital role in global net zero

ambitions and in decarbonising the energy system, it is expected

that many more players would be involved in hydrogen production

in the UK and in green hydrogen production from offshore

renewables in particular.

Global hydrogen use expands from less than 90 Mt in 2020 to more
than 200 Mt in 2030; the proportion of low-carbon hydrogen rises
from 10% in 2020 to 70% in 2030. Hydrogen is blended with natural
gas in gas networks: the global average blend in 2030 includes 15%
of hydrogen in volumetric terms,

These developments facilitate a rapid scaling up of electrolyser
manufacturing capacity and the parallel development of new
hydrogen transport infrastructure. This leads to rapid cost
reductions for electrolysers and for hydrogen storage, notably in
salt caverns.

After 2030, low-carbon hydrogen use expands rapidly in all sectors
in the NZE.

Source: Net Zero by 2050 A Roadmap for the Global Energy Sector, IEA, 2021
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Affordability of green hydrogen from UK offshore wind

Increasing volumes of floating offshore wind will be well suited to UK production of green
hydrogen. Co-location of hydrogen with offshore wind will enable an increase in usable energy from
individual projects as well as providing long-term storage and alternative fuel source for increased
UK electrification. There is ongoing debate about the merits of green vs blue hydrogen in terms of
environmental impact and project economics. Over the last decade, record low gas prices have
made the economics of blue hydrogen look attractive, though the environmental merits are not
clear, with large uncertainty over the potential efficiency of carbon capture in the process. For the
foreseeable future, with gas prices subject to huge uncertainty and climbing to record high levels,
the economic argument no longer carries the same weight. The cost of supplying blue hydrogen is
tied to gas prices, which is likely to remain around £145/MWh (£5.70/kg) in the short to medium
term, based on an underlying gas price of £3.53/therm.

In comparison, as shown in the figure below, we forecast the cost of producing green hydrogen
from floating offshore wind to reduce from around £146/MWh for early commercial projects
around 2025-2027 to £76/MWh by 2030 and reducing below £50/MWh by 2040. This cost
reduction is driven by the major cost reductions in FLOW as well as swift cost reductions in the cost
of electrolysis — both driven by a combination of technology innovation and large-scale deployment.

Global benchmark pricing for green hydrogen (reported F.O.B. prices in Western Australia, Saudi
Arabia, etc.) is $2 per kg H2, equivalent to £39/MWh. Shipping to UK and mainland Europe might
add around £10/MWh, according to estimates.

Forecast UK FLOW green hydrogen vs various UK gas price benchmarks (ORE Catapult, 2022)
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Opportunities in offshore green hydrogen production

Comparing the cost of UK FLOW-produced green hydrogen with the cost of green hydrogen UK FLOW H2 vs European and global Hs imported into UK (ORE Catapult, 2022)
imported from overseas, in the long-term, by 2050 (and potentially earlier), UK FLOW-produced
hydrogen should be at cost parity with the cheapest global cost for green hydrogen, around the

£40/MWh (£1.60/kg) mark. As markets and infrastructure mature, global hydrogen prices may LCOH LCOH
become a valid comparison but, in the near-term, the comparison with hydrogen imported from £/Mwh £/ke
Europe is more relevant. ORE Catapult forecasts that UK FLOW-produced hydrogen should reduce 180 - - 7.0
below the cost of green hydrogen imported from Europe around 2030 and continue to track below L6
European prices for the foreseeable future. As well as benefitting from low costs due to the best 160 - ’
European wind resource, UK-produced hydrogen will also incur lower transportation costs. In - 6.0
addition to the benefits of using UK-produced green hydrogen domestically, the scale of the UK’s 140 - L 5.5
offshore wind resource and ambition mean that there is huge potential to export UK green L 5o
hydrogen to Europe and beyond. This opportunity was valued at £48bn per year in ORE Catapult’s 120 - ’
Solving the Integration Challenge (StIC) study with hydrogen forming 25% of Europe’s energy needs - 45
by 2050. This opportunity will only accelerate and increase as demand grows even faster than 100 4 L 4.0
previous predictions, given the imperative faced by an increasing number of countries to reduce L 35
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The role of hydrogen

“As the UK's largest energy Port, we are
responsible for the supply of 25% of UK
energy needs. It is becoming
increasingly clear that to achieve net
zero by 2050, we need renewable
electrons and molecules. Gas plays a
very significant role in the UK's energy
mix and the gas network is able to be
used for hydrogen transportation and
storage. As a vital component of the
energy system, the gas network can
support the already-constrained
electricity grid when at capacity with
renewable energy or when renewable
energy is unavailable.”

Tam Bardell, Port of Milford Haven

A national transition from natural gas to hydrogen is
increasingly seen as a necessary component of full
decarbonisation by 2050.

Large scale hydrogen markets may provide essential cross-
vector system balancing and inter-seasonal energy storage for
an energy system dominated by the UK's abundant
renewables, especially high-capacity factor, offshore wind and
marine resources.

The reason for the focus on hydrogen within this project is
threefold:

1. The Milford Haven boundary is uniquely located around the
Port of Milford Haven, the UK’s largest energy port, with an
associated highly skilled workforce in the fossil fuel industries —
people who understand about dealing with hydrocarbons, the
processes involved, and safe working practices. We need to
harness their skills for hydrogen. It is critical that we develop
new skills and transition communities, in parallel with the
changes to the physical components of our energy systems.

2.The MH:EK boundary includes other significant national
energy assets, which will continue to retain a supporting role in
the transitioning energy sector such as the Pembroke Power
Station which is central to RWE’s proposed Pembroke Net Zero
Centre (PNZC). Similarly, Pembrokeshire is considered to have a
key role in new renewables developments both onshore and
with offshore wind in the Celtic Sea, as well as being the site of
the nationally significant Greenlink interconnector which will
support balancing of the GB energy system with Ireland.

3. Hydrogen can be created using excess electricity generated
by renewable technologies, and then it acts as a chemical
energy store, releasing energy when needed to support
electricity grid balancing which will be increasingly important as
the energy sector decarbonises and electricity demand
increases. What we need to look at is how to make using
hydrogen financially viable within the different energy vectors
of heat, power and transport, and doing so both at scale and at
a local level; whether it’s putting in a hydrogen-fuelled heating
system, running a hydrogen vebhicle, or building a hydrogen
manufacturing facility. This is something that the project aims
to explore in detail.
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Timeline of events for the Milford Haven Green Hydrogen longer-term pathway
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Summary of the investments and returns
from near-term propositions
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Milford Haven Energy Kingdom project

The Milford Haven: Energy Kingdom project

The Milford Haven: Energy Kingdom(MH:EK) project is part of the Prospering from the Energy Revolution
(PfER) programme funded by Innovate UK (IUK) as part of the UK research and Innovation (UKRI)
Industrial Strategy Challenge Fund (ISCF).

MH:EK has reviewed the current energy landscape in the local area, to investigate options for a future
Smart Local Energy System (SLES) by identifying proposition (opportunities) that are investible in the
short-term and could provide the initial smaller steps towards larger scale decarbonisation and
realisation of a Pembrokeshire wide SLES.

The project team consists of ORE Catapult, Port of Milford Haven, Wales & West Utilities, Riversimple,
Energy Systems Catapult, Arup; led by Pembrokeshire County Council. Project non-funded collaborators
and supporters include Western Power Distribution (WPD) and RWE; and Welsh Government Energy
Service, Simply Blue and Community Energy Pembrokeshire respectively.

Routes to net zero

This research has explored a range of different scenarios, or possible pathways, to net zero across both
immediate actions that could be taken now, out to decisions across the period to 2050. The study has
drawn on the existing literature base, previous studies, extensive stakeholder engagement and Arup
analysis to inform the scenarios considered. The scenarios are not intended to present a recommended
outlook but to enable exploration of a wide spectrum of outlooks that future decisions will influence, to
support ‘no regrets’ decisions in the short-term.

The role for SLES

Smart local energy systems are shown to have significant benefits in terms of costs and carbon
emissions.

This is the case where there is strong interplay between the demand energy vectors (heating, cooling,
electricity and hydrogen) supporting system balancing and greater flexibility of supply.

The study has highlighted a strong case for a hierarchy of energy usage as the system transitions to net
zero. Energy should be used locally where possible and unnecessary transition between vectors should
be minimised.

However, SLESs and heat networks are not always the preferred solution, this is dependent on the mix
and scale of demand energy vectors.

The role for hydrogen

Electricity is shown to be more cost and carbon effective for power and heating in the SLES propositions
modelled, with locally produced hydrogen playing a role in absorbing excess electricity to create green
hydrogen for local transport. The case for hydrogen in transport is seen to be most viable in heavy goods
vehicles, particularly whilst the market is nascent, as highlighted by other studies.

Short-term propositions

This feasibility study has focused on three shortlisted ‘propositions’ to assess their viability as a SLES and
set out recommended ‘no regrets’ opportunities that if pursued would kickstart the journey to
decarbonisation. A ‘proposition’ is defined as a project or development opportunity to make an
intervention to the existing energy system of the local area that results in a linked multi-vector (power,
heat, and transport) system where there is (potential for) smart connectivity between assets or
component parts resulting in better balancing of local energy supply and demand.

To answer the overarching question of how ‘best’ to integrate hydrogen into the energy system to
decarbonise energy supply, To understand the Economic case for a decarbonised multi-vector energy
system, we have undertaken whole systems energy modelling considering technical, economic, and
carbon emission factors.

The three shortlisted propositions from the long list of sixteen propositions:
* Proposition 1: The Milford Haven Marina SLES;
* Proposition 2: The Pembrokeshire Food Park SLES;

* Proposition 3: The Pembroke Schools, Leisure Centre and Dock SLES
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Near term propositions modelled by ARUP
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The propositions recommendations

The propositions

e Itisrecommended that the MH:EK project pursues both
Proposition 1 and Proposition 2.

e Further work and more detailed analysis of both propositions is
required, as these propositions progress along their development
journeys.

* Both present real opportunities for a catalytic stepping-stone SLES
that could result in a longer term larger SLES for the
Pembrokeshire region, through expansion over time to include a
broader boundary of residential and industrial demands.

* These two propositions present differences in ‘flavour’ with
Proposition 1 being more focused around local community
demand and Proposition 2 encompassing more commercial / light
industrial use.

Proposition 1 recommendations

The analysis shows that further expansion of renewable assets and
closer integration between those assets and the demand at the
waterfront would be beneficial. The preferred option for expansion is
a 2.5MW wind turbine with a 3.5MW solar PV expansion as second
preference.

The preferred method of integrating waterfront demand with
Liddeston Ridge supply is via a private wire. However, a private wire
would cost an estimated £4.4m (without OB) which accounts for most
of the CAPEX in all private wire scenarios. This would pay for itself
over the 40-year lifetime, but the initial investment could be
challenging.

If the commercial, legal and managerial challenges associated with a
private wire prove insurmountable, the virtual PPA option could be
preferrable to the business-as-usual operation, if it can be achieved at
the 33kV scale.

Proposition 2 recommendations

This proposition represents a viable opportunity for a SLES. There is
strong interplay between the demand energy vectors (heating,
cooling, electricity and hydrogen) and a significant opportunity to
utilise local waste products to fulfil this demand.

A core aspect essential to each scenario is a solar farm located at
Haverfordwest airfield connected to the food park via private wire.
The renewable energy is beneficial to minimise the amount of
electricity purchased via the national grid. However, it does account
for a significant proportion of the CAPEX (£9.5m-£10.5m) for every
scenario.

Given that Proposition 2 represents a new-build proposal, the food
park could be designed from the beginning to take advantage of no
regret technologies, particularly anaerobic digestion, biogas CCHP
and polyvalent heat pumps. These can be integrated via heating and
cooling distribution networks with no disruption to existing services
or replacement of legacy assets unlike Proposition 1 and 3.

Utilising excess PV generation to electrolyse hydrogen locally would
be a cost-effective method of meeting some of the hydrogen
transport demand although the majority would still be imported.

If local hydrogen transport demand becomes a reality and regular,
consistent, consumers are identified, this proposition could begin to

form the core of a local hydrogen transport hub. Further work on the

Hydrogen refueller costs and business case would be required.

When a clearer understanding of end user demands is available,
further analysis is required to understand the feasibility of the

proposed solution and adjust efficiencies if necessary. We would also

recommend to undertake a more detailed level of modelling to
model different system configurations (as with Proposition 1).

Short term next steps

Further work and more detailed analysis of both propositions is
required, including:

taking the whole system energy modelling undertaken to date to
the next stage of detail to support a more detailed design;

exploration and use case testing of the SPV / partnership
commercial model;

specific stakeholder engagement to explore their appetite for
such a model, and to better understand what risks or barriers
there might be in implementing;

exploring in more detail how the ESCo model would work in
practice, what the relationship would be with other project
partners, and the commercial relationship with entities outside of
the SPV partnership perimeter;

financial modelling to further understand the potential pay-back
or revenue to different parties; and

establishing a detailed management plan, including: an
implementation programme, data management, risk
management and contract management approaches.
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Modelling outcomes

Summary of the propositions optimised outcomes

A core aspect of Proposition 2, the Pembrokeshire food park SLES, is a solar farm located at Haverfordwest airfield connected to the food park
via private wire. The renewable energy is beneficial to minimise the amount of electricity purchased via the national grid. However, it does
account for a significant proportion of the CAPEX (£9.5m-£10.5m). Compared to the baseline counterfactuals, optimised scenarios led to an

uplift in CAPEX but a reduction in OPEX. Payback periods compared to counterfactuals varied based on the year but range between 5 and 8
The upfront capital cost (CAPEX) for the recommended system for each proposition is years.

provided in a separate report. In line with the HM Treasury Green book guidance, an
optimism bias (OB) of 6-66% should be allowed for non-standard Civil Engineering
projects. At this stage of the project, the upper bound 66% is applied, as there is not
enough information to reduce the optimism bias. This total CAPEX represents the
upfront budget for each proposition.

Table provides a summary of the CAPEX, OPEX, LCOE and carbon emissions for each
proposition. The CO2 emissions have been scaled to the size / capacity of the
proposition to allow for ease of comparison between propositions.

The above summary represents potential funding and revenue streams for the project anchor; however, these propositions present wider
investment opportunities for a broad range of investors which should be reviewed in detail by interested parties.

Carbon emissions from Proposition 1 are relatively high when compared to Proposition
2 and 3 across the same year. This is because all scenarios for Proposition 1 are based in
2020, so they still have significant carbon for electricity imports, and remains a
predominantly natural gas-based heating system. The carbon emissions shown for
Proposition 1 with a 2050 view in Table 4 have been adjusted to exclude gas heating
emissions that are present in 2020 in order to compare ‘like-for-like” with Proposition 2
and 3.The three propositions are then broadly comparable.

It should be noted that these quantitative outputs present only part of the picture, and
the following notes should be considered alongside the recommendations. A key
component of project funding will be revenues from the sale of electricity generated —
either through savings by using the energy within the system or exports to the national
grid.

For proposition 1, the Milford Haven Marina SLES, the annual benefit of the preferred
scenario, wind expansion with private wire, against the business-as-usual scenario is
estimated to be £2.8m which led to a simple payback of around 3 years for PoMH. This
would require private waterfront tenants to agree to be supplied by the Port’s
resources (or likely an ESCo operating on the Port’s behalf). To encourage this, the cost
of that supply would have to be competitive against existing external utility providers.
Therefore, the estimated £2.8m annual benefit to the system is likely to be split
between private tenants and the Port. Assuming a local electricity sale price of
£0.18/kWh, annual revenue from this sale and external export would be approximately
£1.8m.
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Modelling outcomes

Figure 4: Graphical representation
of the CAPEX, OPEX, LCOE and
carbon emissions for each
proposition scaled to the size /
capacity of the proposition. *CO2
emissions are shown adjusted to a
2050 view and excluding gas
heating emissions in order to
compare like-for-like with
proposition 2 and 3.
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Factors affecting the propositions

What could change the picture?

Delivering energy system transformation at the scale and pace
needed to reach net zero by 2050 will require balancing multiple
complex factors. Our work has consolidated the current evidence
base to help build an understanding of the ‘no regrets’ first steps
that could support broader system level change, whilst meeting a
broad range of key objectives and critical success factors.

However, there are still several unknowns, uncertainty and gaps
in the evidence base, and different assumptions, or higher quality
datasets, could create different outputs.

This analysis was conducted before the spike in the gas prices.
The propositions were based on high Hydrogen prices and
considering the market volatility of natural gas these may look
different now. For investors interested in a particular proposition

we can rerun the analysis to reflect the latest price developments.

The impact of hydrogen import prices

Our sensitivity analysis showed that current hydrogen prices of
0.135 to 0.18 £/kWh (£4.50 to £6.00/kg based on a lower bound
heating value of hydrogen of 33.3kWh/kg) are close to a tipping
point in making electrolysis viable. If the grid export price
decreases slightly, or the hydrogen import price increases slightly,
electrolysis is a good use of excess electricity after local electrical
demand is met.

No natural gas

With no natural gas supply, heat is largely electrified with air-
source heat pumps with a small amount from hydrogen boilers.
Electrolysis and electricity exports were decreased with
renewable electricity for heat being prioritised. This led to very
large decreases in carbon emissions, but an inevitable increase in
cost. This suggests that electrification of heat is preferable to
hydrogen boilers if gas was removed from the system and for any
new buildings, air-source heat pumps are likely to be cost
competitive.

Lower electricity price, higher gas price

In this sensitivity analysis, the system started to switch over to
electrification of heating via air-source heat pumps resulting in
lower national grid exports and higher national grid imports. This
result suggests a prioritisation of meeting the heating demand
with the local renewable generation rather than only the
electrical demand.

Lower battery prices

With lower battery capital costs, batteries were selected by the
WSEM optimisation process to be part of the optimised system in
every scenario, but with varying capacities. Higher capacity
batteries resulted in less national grid electricity import and
export and instead promoted self-consumption. These changes
produced a very marginal decrease in annualised costs and
carbon emissions. With grid price fluctuations, it may be possible
to buy low-cost electricity at certain times to be stored for periods
of higher demand.
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Techno-economic conclusions: short-term actions on the roadmap to net zero by 2050
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Key messages from the study

The study has highlighted:

The need for whole system energy modelling at a wider scale that optimises across supply and demand, and balances between
energy vectors. Doing this will enable informed decision making around the level of renewables development required,
alongside storage technologies (batteries or hydrogen) so that utilisation of assets remains high and losses within the system
are minimised.

Electricity is likely to be the dominant low carbon energy vector, preferred for power, heat and a proportion of transport
demand. As new renewable generation assets are developed locally supporting decentralised low carbon electricity options
and the UK electricity grid continues to decarbonise, as back-up to decentralised local systems, the emerging hierarchy is to use
low carbon electricity first ahead of green hydrogen generation.

Hydrogen will play a role, but the degree to which it does, and to which it presents an efficient, low carbon, cost effective
alternative will depend on external factors and policy and regulatory decisions.

Future decisions made around the UK’s transmission network will be significant in influencing development of new renewable
generation, balancing, flexibility and trading. Regulatory barriers currently present a significant challenge to local trading
platforms.

The most significant regulatory risks arise from "Newer Market Entrants", particularly those with an undeveloped regulatory
framework (e.g., networked hydrogen, heat networks), market access, and asset co-ownership.

Establishing a robust data ecosystem at a local level, that integrates beyond the local boundary, is key to benefit from and
support the national modernising energy data access (MEDA).

The transition to net zero should put the community, stakeholders and wider aims at the centre and ensure a just transition for
all. Through continual stakeholder engagement and adopting a theory of change approach, MH:EK should develop a roadmap
for everybody to understand their role to get to net zero by 2050.

Add image
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Medium to long term vision for the
region
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Milford Haven hosts key energy infrastructure making it an ideal location for a green hydrogen hub

The Milford Haven Waterway is a critical national energy asset, attracting billions of
pounds in investment for over 60 years and supplying 20% of the UK’s annual energy
demand.

The Waterway has a pivotal role to play in delivering the UK’s net zero ambitions,
offering a whole energy cycle solution that will unlock accelerated transition, while
stimulating economic growth. This is an opportunity that will repurpose existing assets,
skills, rail connectivity, transmission and pipelines to deliver a future focused on
hydrogen (blue and green), floating offshore wind (FLOW), marine renewables,
sustainable alternative fuels, CO2shipping, and energy storage.

The benefits are clear. Continued investment and support will create and stabilise
thousands of jobs and supply chain opportunities, levelling up the coastal communities
across South Wales. It will strengthen UK energy resilience while establishing new export
opportunities. And, it will stimulate inward investment providing clear line of sight on
returns for investors, ensuring the Milford Haven Waterway remains a major energy
innovation hub capable of competing globally.

Milford Haven is an ideal location to be a green hydrogen pioneer

A global ‘gold rush’ for green hydrogen has begun. Milford Haven Waterway has perhaps
the best potential in the UK to become a global green hydrogen port/hub, using local
Floating Offshore Wind. Green H2 can meet energy demand growth and bolster energy
security for the UK and Europe

Existing energy infrastructure is a tremendous platform for growth into green hydrogen

Gas industry on the MH Waterway has capacity to develop infrastructure for imports of
affordable green hydrogen and to receive and process local offshore renewable
hydrogen. A proposed green hydrogen pipeline ‘backbone’ for GB can be built out from
Milford Haven.

The public’s acceptance of hydrogen is unusually high, due to familiarity with having a
major energy industry cluster on the Haven for decades.
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We are proposing a globally outward-facing programme to develop Milford Haven Hydrogen Kingdom (MH2K)

Milford Haven Hydrogen Kingdom (MH2K) is a proposed
consortium to develop green hydrogen production at sea,
with a vision of achieving 8GW of production capacity for
green hydrogen from offshore wind energy and transporting
it to land by 2035.

Initiatives to facilitate market roll-out would include: Phase 3 -
. . ) Project expansion
Alpha HK - the development of offshore wind turbines with (1000MW)

integrated hydrogen production
Network HK - a central supply pipeline
Port HK - infrastructure for harbours

Research HK - a testing facility and a research platform
& v P Phase 2 —

Omega HK - a large-scale offshore hydrogen park Small scale windfarm
(300MW)

Phase 4 -
Cluster creation
(3000MW+)

Milford
Haven
South Hook oo+ Dragon LNG

LNG® & @®® Valero oil terminal

@ Pembroke Power Station
alero

Refinery

Phase 1 — Potential
pilot projects (30MW-
100MW)
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Potential H2 off-takers (hydrogen demand and the scale of wind capacity required to support this)

Short term (2022 - 2025)

Offtake option Offtake Use Hydrogen (Te / day) Wind Capacity (MW)

Pembroke Council

Local Gas Network (Wales & West)

Vehicle fleet and hydrogen refuelling hub in Milford Haven

20% blend into local gas network

Medium term (2025 - 2032)

Milford Haven Port

Pembroke Refinery (Valero)

Power Station (RWE)

Local Gas Network (Wales & West)

National Grid

Long term (2032 - 2040)

Pembroke Dock

Pembroke Refinery (Valero)

Pembroke Oil Terminal (Valero)

Power Station (RWE)

Transport and heating requirements

Industrial heat / grey hydrogen replacement

Blend into single gas turbine (trial)

100% hydrogen gas into regional distribution system

Potential to inject directly into 100% ‘backbone’

Supply of hydrogen to marine vessels
Low Carbon Synthetic Fuels
Bulk Scale production & storage of LOHC/Ammonia for export

Fuelling future hydrogen gas turbines

Source: ERM Dolphyn’s ‘South Wales Dolphyn Feasibility Phase 1 Presentation’and own analysis

9
2-3
>200
20
45
>250

4-8

>1,500
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Milford Haven can fulfil key success factors for the preparation phase of a Hydrogen Valley

In the report “Hydrogen Valleys - Insights into the emerging hydrogen
economies around the world” commissioned by FCH 2 JU, 30 projects
developing Hydrogen Valleys gave an insight on topics ranging from
fundamentals such as investment and production volumes, technologies
deployed to project development and financing activities as well as hurdles
and barriers along the way

Key success factors for a Hydrogen Valley
Question: “What are the key success factors for the preparation phase?” (n=29)

Business model / business case 21 (72%)
. , .
Milford Haven'’s achievements so far Funding 19 (66%)
Building a successful business model for the hydrogen valley through SWIC E
and MH:EK Partnering 17 (59%)
MH:EK focus on finding investment partners and future ways to fund E Political backing and buy-in 16 (55%)
hydrogen projects in the region .
Stakeholder cooperation 14 (48%)
A strong group of partners forming SWIC Experienced staff 12 (41%)
Good working relationships with the local government established through Project governance model 12 (41%)
MHPA and good Welsh Government links
Technological performance 11 (38%)
Stakeholder cooperation is already happening within MH:EK and SWIC <
Local public acceptance 10 (34%)

Risk sharing mechanisms 9 (31%)

Permitting and authorization 8 (28%)

Regulatory provisions 6 (21%)

Source: FCH 2 JU, Inycom, Roland Berger Multiple answers possible
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ProjectUnion

Project Union and the European Hydrogen Backbone

Project Union National Grid’s Project Union vision was published in May
2022 and presents how it will connect hydrogen production, storage and
demand to enable net zero and empower a UK hydrogen economy.
Repurposing existing transmission pipelines will create a low-cost hydrogen
‘backbone’ for the UK by the early 2030s and connect to the proposed
European Hydrogen Backbone

It also describes the other projects National Grid is undertaking to grow the
evidence base for both a blended and 100% hydrogen transmission
network. The report also considers the range of ways in which the market,
policy and regulatory framework will need to adapt to enable investment in
hydrogen.

National Grid will carry out the feasibility stage of Project Union, which will
involve considering which pipelines from the current gas transmission
system can be repurposed to support hydrogen and whether any new
assets are required.

Through the phased repurposing of existing assets alongside new ones, a
hydrogen backbone of around 2,000km will be created, representing
around 25% of the UK'’s current natural gas transmission pipelines. This
approach of primarily repurposing assets is up to five times more cost
effective compared to new build. It also minimises the additional
environmental impact of new build.

The backbone will initially link strategic hydrogen production sites, including
the industrial clusters, across the UK by the early 2030s and provide the
option to expand beyond this initial hydrogen transmission network to
connect additional consumers.

Source: Project Union, Gas Transmission and Metering

The project will explore how and when to convert existing
pipeline infrastructure for a hydrogen backbone by
connecting Teesside, Humberside and Grangemouth as well
as linking up Southampton, the North West and South Wales.
The backbone will also connect to strategic hydrogen
production sites including Milford Haven, St Fergus and
Bacton.

Project Union is linked to another recently announced
initiative — The European Hydrogen Backbone

The European Hydrogen Backbone (EHB) initiative has
unveiled an accelerated vision in light of the European
Commission’s REPowerEU plan and developments in the
hydrogen market.

Published in May 2022, the vision includes 31 energy
infrastructure companies, spanning 28 countries which, by
2030, could see five pan-European hydrogen supply and
import corridors emerge, connecting industrial clusters, ports
and hydrogen valleys to regions of abundant hydrogen supply.
It would be mainly based on repurposed existing natural gas
infrastructure. One of those corridors is North Sea.

Milford Haven Grain LNG
South Wales

Realising such a vision would call for an estimated total
investment of around €80-143bn, with this including subsea
pipelines and interconnectors to link countries to offshore
energy hubs, as well as potential export regions.

Southampton

h

=== Project Union

mmm  Transmission Pipelines
‘ Industrial Cluster Sites
’ Strategic Production Sites

Routing is illustrative




MILFORD HAVEN: ENERGY KINGDOM

Project Union will feed into the European Hydrogen Backbone shown on the map

The announcement further set out how the EHB presents an opportunity to accelerate the
decarbonisation of the energy sector by efficiently integrating substantial volumes of
additional renewable and low carbon energy, and by connecting regions with abundant
supply potential to centres of demand

The report set out a series of levers to facilitate the implementation of the development of
each corridor by 2030, including:

Introducing the establishment of hydrogen supply & import corridors as front-running
infrastructure, including all infrastructure requirements, as a political objective.

Fostering development of new and repurposed hydrogen infrastructure, for example, by
unbundling rules facilitating the efficient use of TSO expertise and services and by allowing
the adoption of different vertical unbundling models in the EU, as is the case with natural
gas

Unlock financing to fast-track hydrogen infrastructure deployment by applying regional
regulatory flexibility

Simplify and shorten planning and permitting procedures for the full value chain of
renewable energies and hydrogen infrastructure projects

Facilitate integrated energy system planning of hydrogen, natural gas, and electricity
infrastructure supporting the accelerated deployment and integration of renewable
energy resources

Source: The European Hydrogen Backbone
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Summary of notable near-term funding
mechanisms
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Competition timings for BEIS Hydrogen funds launching 2022 and 2023
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Competition timings for BEIS Hydrogen funds
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Local and national political support for
the vision
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Summary of the wider context

The local context

The Milford Haven Waterway is at the centre of nationally important
energy infrastructure, with major energy related investment underway,
targeting efficiency and decarbonisation. Facilities include South Hook LNG
terminal, Dragon LNG terminal, RWE's 2.2GW CCGT, and National Grid's
NTS pipeline that connects the Milford Haven Waterway with other assets
like Grain LNG terminal, in Kent, and St Fergus gas terminal, Aberdeenshire.

This project has focused on developing diverse, local seed markets to
support the transition, to hydrogen and renewables, of the cluster of major
energy infrastructure along the Milford Haven Waterway.

This transition will occur via a mixture of pathways available locally -
meeting heating and transportation needs of local communities, including
via fuel cell vehicles; creating transport solutions for Pembrokeshire's 4.2
million annual tourists; hydrogen production from curtailed onshore wind
and solar generators; and improving off-take markets for offshore
renewables in the South-Western Approaches, including the consented
Pembrokeshire Demonstration Zone (PDZ).

The regional context

There are various, and ongoing, regional initiatives that aim to
contribute to the growing evidence base to support not just the case for
change in the region, but what change could look like for South Wales
and Pembrokeshire and include:

* South Wales ZERO 2050

* Regen Net Zero South Wales

e The Future role of gas in transport

¢ South Wales Industrial Cluster (SWIC)

*  RWE Pembrokeshire Net Zero Centre

* Offshore wind renewable generation —Celtic sea cluster
¢ ERM Dolphyn project

e Greenlink Interconnector

Other upcoming studies such as the Pembrokeshire Local Area Energy
planning (LAEP) which will include whole system energy modelling and
optimization of the Pembrokeshire local authority energy system, LAEP
delivery pathways and local energy decarbonization routemap are also
key to inform the development of the local decarbonization roadmap.

The South West Wales Regional Energy Strategy is a regional energy
strategy aiming at developing a strategic pathway identifying key
interventions to deliver on the region’s ambitions for decarbonising its
energy system. The vision is "Harnessing the region’s low carbon energy
potential across its on and offshore locations, to deliver a prosperous
and equitable net zero carbon economy which enhances the well-being
of future generations and the region’s ecosystems, at a pace which
delivers against regional and national emissions reduction targets by
2035 and 2050”

The national context

Whilst the journey to decarbonization of the UK energy system by 2050 is
uncertain, there is a shared commitment across Government and industry to
deliver against net zero targets. This was recently evidenced by the presence
and contributions of the private sector at COP26 and through many
collaborative industry studies.

The Climate Change Committee (CCC) ‘Balanced Pathway’ to maintain the
6thCarbon budget and achieve net zero by 2050 includes recommendations
across varying levels and sector innovation.

The balanced pathway features strong contribution of take-up of low carbon
solutions (boilers, transport and carbon capture and storage) and expansion of
low-carbon energy supplies (renewables and at scale hydrogen production).

The CCC balanced pathway has assumed key phase out dates for gas boilers by
2033, fossil fuel powered vehicles by 2032 and the switch of HGVs to low
carbon transport by 2040 which is in line with our assumptions.

The CCC balanced pathway energy system moves almost entirely to low-
carbon energy sources by 2050. Low-carbon electricity becomes the dominant
energy vector; a hydrogen economy is formed comparable to the existing
electricity by 2050; domestic demand is met by more efficient EVs and heat
pumps; a modest growth in bioenergy and waste use; carbon capture and
storage is applied to the industrial sector.

The National Grid Future Energy Scenarios (FES) set scenarios under which the
UK energy system could achieve net zero by 2050 -with differing level of
societal, sector level and policy changes required.

Three of the four FES 2021 modelled scenarios meet the net zero target.
However, to achieve this target, immediate action to enable deployment of
new technologies at scale, demand flexibility, trading flexibility, digitalisation
whilst taking a whole energy systems approach is needed.

By applying this UK wide view to a local context, the MH:EK project aims to
develop a conceptual proposal for what a 2050 decarbonised Milford Haven
energy system could look like and provide a roadmap for short-to mid-term
steps to reach net zero by 2050.
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Regional support

“The Council is proud to lead the Milford Haven: Energy Kingdom project which is positioning the
Milford Haven Waterway as a frontrunner for breakthrough renewable energy and hydrogen
technologies to provide increased flexibility to the way we consume electricity and gas, as we
deliver greater amounts of green, affordable onshore solar, and offshore wind, tidal and wave
generation in the Celtic Sea and beyond.

Having already established itself as the UK’s Energy Capital, the Milford Haven Waterway is now at
the centre of a renewable energy revolution, with huge potential to become the low carbon energy
capital of the UK, safeguarding thousands of local jobs and creating thousands more new ones.

The projects heating and transport demonstrators showcase what can be achieved through
collaboration with our partners and Pembrokeshire can use these innovations as we work to
become a net zero carbon local authority by 2030.

To get to Net Zero, we must deliver Net Zero power, transport and heat across a smartly connected
whole energy system with progression to regulatory & policy frameworks to support truly multi-
vector trading platforms.

We have all the necessary components here on our doorstep in Pembrokeshire to act as a vital
cluster of national significance and to provide opportunities in the green energy sector for both
current and future generations”.

Steve Keating, Energy & Sustainability Team Manager, Pembrokeshire County Council.

In the aftermath of Covid-19 and in the shadow of its resurgence Pembrokeshire faces an
unprecedented level of economic uncertainty. My team deserve full credit for their response to the
immediate crisis and | know through the feedback I've received just how vital that support has been
for our businesses. With those immediate actions now behind us, it’s the right time to look to the
future.

Long before Covid-19 our strategy was to build on Pembrokeshire’s reputation as a fantastic place
to visit and ensure it became a fantastic place to live and work too. The significance of our main
comparative disadvantage (remoteness) has been eroded by technology but needs a corresponding
shift in attitudes before we see its full impact. The pandemic and society’s response to it has
delivered a more radical cultural shift than we could possibly have anticipated. Working from home
is now a reality for millions and has opened up a world of possibilities for living in one location and
working somewhere quite different.

That provides us here in Pembrokeshire with a unique opportunity but one we need to work at to
realise. The people we need to attract here won’t just discover Pembrokeshire all on their own, nor
will they consider it a viable place to live while we lack some of the key ingredients needed in this
new world. Our strategy, is focussed on ensuring we deliver everything our county needs to
become the great place to live and work that | know it can be. That means us:

* Reshaping our built environment — through substantial investments to kick start transformation
and regeneration of our County and key towns.

* Working with our partners to deliver the next generation of clean, green engineering jobs
focussed around the Milford Haven Waterway.

* Ensuring our world class tourism offer becomes even stronger, releasing the industry from the
shackles of a public sector run tourism offer and empowering providers and business to lead in
managing and marketing that destination to the world.

For too long, supporting Pembrokeshire’s economy hasn’t had the focus it deserved. |, together
with my Cabinet Colleagues, am committed to ensuring that the strategy set out here is delivered
and to providing the people and resources we need to ensure Pembrokeshire’s economic success.

Paul Miller — Cabinet Member for Economy, Tourism, Leisure and Culture

Pembrokeshire Recovery and Regeneration Strategy 2020 - 2030
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British Energy Security Strategy

In April 2022, the UK Government published the British Energy
Security Strategy, which aims to secure, clean and affordable
British energy for the long term.

The strategy outlines that the first step is to improve energy
efficiency, reducing the amount of energy that households and
businesses need. It also states that government is investing over
£6 billion on decarbonising the nation’s homes and buildings. But
the long-term solution is to address our underlying vulnerability
to international oil and gas prices by reducing our dependence on
imported oil and gas.

The strategy outlines that the first step is to improve energy
efficiency, reducing the amount of energy that households and
businesses need. It also states that government is investing over
£6 billion on decarbonising the nation’s homes and buildings. But
the long-term solution is to address our underlying vulnerability
to international oil and gas prices by reducing our dependence on
imported oil and gas.

The strategy states that accelerating the transition from fossil
fuels depends critically on how quickly we can roll out new
renewables.

Major highlights from the Energy Security Strategy include:

* Government will double the UK ambition for hydrogen
production to up to 10GW by 2030, with at least half of this
from electrolytic hydrogen

* Aiming to run annual allocation rounds for electrolytic
hydrogen, moving to price competitive allocation by 2025, so
that up to 1GW of electrolytic hydrogen is in construction or
operational by 2025;

* Increase in offshore wind installed capacity ambition to 50GW
by 2030, including 5GW floating wind

* Ambition to reach 95% low carbon power by 2030

* Government will consult on limited changes to allow onshore
wind in areas with local support

* Expanding nuclear energy in the UK with up to 24GW of
capacity by 2050

* New FSO role that could be established by 2024

* No new announcements to improve the energy efficiency of
the UK’s housing stock, which ranks among the worst in
Europe
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Analysis of external political, economic and social factors

Political

Pro - The greatest political backing that surrounds MHEK and green
hydrogen is that of the British Energy Security Strategy, with the UK
Government aiming to have at least half of UK hydrogen production
come from electrolysis (~5GW) by 2030. Furthermore, there are
ambitions to have as much as 1GW of green hydrogen capacity at
RWE’s Pembroke Net Zero Centre, which includes the
Pembrokeshire Demonstration Zone, by 2030.

Additionally, as of June 2022, the Welsh Government published a
consultation response on how to develop the Welsh hydrogen
sector. In the publication it seeks to enable pathways to meet
objectives such as fuel cell T&D, large-scale clean hydrogen
production planning, industrial decarbonisation via skills
development and R&D, and the implementation of a “place-based”
approach.

Con — Despite clear targets being set within the British Energy
Security Strategy, the change of Prime Minister is causing
uncertainty as to what direction the government will take over the
next few years with regards to its hydrogen strategy and funding
agenda.

Economic

Pro — Rising wholesale gas prices have consequently closed the gap
in LCoH between green hydrogen and blue hydrogen. While there is
still uncertainty in the long-term trajectory of gas prices, this short-
term spike has led to reducing reliance on fossil fuels which bear
greater market volatility than wind energy production.

Con — More needs to be done to increase the performance and
reliability of large-scale electrolyser units that are to be used in
harsh offshore environments. Whether proton exchange membrane
or alkaline electrolyser are selected, far more R&D and T&D is
required to validate a range of system components that will aid in
reaching the crossover point where green hydrogen becomes
competitive with grey and blue hydrogen.

Social

Pro — By making progress towards the development of a smart local
energy system, steps can be made towards safeguarding thousands
of local jobs and creating thousands of new ones as the industries
present at Milford Haven progress along their respective
decarbonisation pathways in the low carbon energy transition.
Furthermore, there are opportunities to make apprenticeships
available to local young people so that much of the benefits of job
creation are experienced by people who are from the region.

Cons — By failing to address concerns of the local community and
relevant stakeholders, there may be more opposition to further
development associated with MHEK. Creating and maintaining a
constructive dialogue is crucial to ensure all stakeholders are
satisfied with current developments and proposals for future
developments to ensure the notion of a just transition is
maintained.
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Analysis of technological, environmental and legal factors.

Technological

Pro — Reduction in the cost of individual electrolyser units is crucial
in allowing green hydrogen to become cost competitive with
traditional forms of hydrogen production. With the UK Government
having aiming to have ~5GW of installed electrolytic hydrogen
capacity by 2030, this creates demand which will require volume
manufacturing and subsequent cost reductions can be achieved as a
result. Cost reductions can be brought as automated manufacturing
processes become more economically feasible when higher order
volumes of electrolyser units are made.

In addition to cost reductions via faster, more efficient
manufacturing processes, targeted R&D which focuses on higher
round trip and material efficiencies in electrolysers will also aid in
reducing LCoH.

Con — Compared to potential floating offshore wind sites in the
North Sea there is no gas transportation networks to accommodate
offshore green hydrogen production in the medium to long-term.
Because of a lack of infrastructure, arrangements as to where green
hydrogen is produced in terms of onshore, nearshore, or further
from shore is more likely to be limited when considering green
hydrogen production from floating wind projects in the Celtic Sea.

Environmental

Pro — With the development of a smart local energy system centred
around renewables, steps can be taken to drastically reduce
emissions in the region. Within the port of Milford Haven there are
specific facilities that can be considered low hanging fruit such as
the Pembroke refinery. By enabling the Pembroke refinery to
produce hydrogen using CCUS, significant emission reductions can
be made in the operations of the refinery which account for 0.5% of
UK emissions at present. Furthermore, this hydrogen production
can be used to produce other synthetic low carbon fuels which can
be used for a range of industrial and transport applications.

Con—N/A

Legal

Pro — The UK government has taken steps to grow the hydrogen
sector via regulatory reform. They have set out various actions to
support smart local energy systems and reward providers of
flexibility. For local energy systems, it was recommended that
government work extensively with local energy hubs to “support
projects which are tailored and delivered to meet local needs”.
Regarding flexibility provision, continued work is required to ensure
appropriate price signals and ancillary service options are given to
flexibility providers so that multiple revenues streams from
hydrogen an energy storage are made available to increase the
competitiveness of flexibility technologies in the wider electricity
market. However, it is stressed that caution must be taken so that
the playing field remains even between larger providers of flexibility
and smaller, more distributed assets.

Con — In the constantly evolving innovation landscape new
technological solutions can emerge at a pace in which regulation
cannot keep pace, leading to solutions with a high technology
readiness but a low commercial readiness. Action needs to be taken
between relevant governments and innovators to ensure regulatory
reform allows for a more streamlined route to commercialisation
for emerging smart grid solutions such as networked hydrogen.
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MH:EK’s view on needed government support

Expand South Wales grid capacity by 10GW by 2030

To facilitate the transmission requirements of FLOW and other new green
developments, we need an additional 10GW for South Wales by 2030.

Implement a fast-tracked consenting regime

Speed and certainty of marine licencing and national planning consenting is
essential to encourage large-scale global investment. We need increased
case officer support to ensure that any future DCO, DNS, planning, marine
licensing or environmental permit application is delivered at speed.
Valero’s Pembroke Refinery Cogen Project is an exemplar for the DNS
process. We also need to add a net zero remit to environmental regulators
and planning bodies. While also providing guidelines on how electrolysers
interface with a renewables-based power Grid to ensure all terrestrial
planning regimes are aligned.

Back a South Wales Green Freeport bid

To ensure Wales maximises the economic opportunity from the
development of floating offshore wind and other industries, creating jobs
and cleaner energy we need support for a South Wales Green Freeport.

Back a South Wales Floating Offshore Wind (FLOW) infrastructure bid

To maximise green manufacturing, operations and maintenance
opportunities from a £5 billion industry taking shape in the Celtic Sea, we
need to secure public funding to improve and expand port and
manufacturing infrastructure. Ports need guaranteed project pipeline to
ensure efficiency of asset utilisation in the medium to long term. Domestic
manufacturing capacity will be essential if the British supply chain content
target is to hit the £1bn of benefit per 1GW installed. By building significant
domestic manufacturing capacity, we can turn Welsh green industrial
content into an export opportunity to markets across Europe.

Introduce mechanisms to de-risk the Celtic Sea FLOW opportunity

Uncertainty in securing a Crown Estate seabed lease, grid connection and
Contracts for Difference auction means developers, ports and supply chain
invest at significant risk. We need mechanisms that manage this risk to
support long term, stable growth and maximised security of investment.

Support the Milford Haven Waterway SuperPlace ambition

To deliver the national 10GW hydrogen target, supported by capital co-
investment and revenue business models, we need to unlock strategic
infrastructure and create enduring domestic supply-chains for hydrogen
and offshore renewables. This will encourage demand side uptake of low
carbon hydrogen. Alongside the speed of consent, we must define and
harmonise standards and use cases; introduce OPEX support mechanism
for electrolysers and refuelers, based on uptime and hydrogen delivery
volumes; exempt electrolyser facilities from environmental levies as an
energy-intensive industry; and create a mechanism for National Grid Gas
Transmission to be an off-taker of last resort for green hydrogen, up to a
20% blend or 100% in trial areas.

Support prioritisation of South Wales in National Grid’s Project Union

Under ‘Project Union’, National Grid is developing a new hydrogen
backbone for the UK. We need to ensure that the Milford Haven pipeline
route is prioritised to unlock this opportunity or risk significant delays to
the development of the hydrogen economy for the whole UK south west
region.

Support a BEIS Cluster Sequencing Track 2 bid

With no obvious Carbon Capture and Storage (CCS) sites in the south of the
UK, we need an even playing field between pipelined CO2 and shipped
CO2, whether through regulatory or charging regimes. Support for a BEIS
Cluster Sequencing Track 2 bid will help ensure CO2 shipping and the
hydrogen economy can grow and ensures compliance with a decarbonised
electricity system policy by 2035.

Incentivise the production and use of low carbon fuels

Clean-burning, renewable fuels can support widespread emissions
reductions, particularly for hard-to-abate sectors such as transport. We
need policies and incentives for the production of fuels from sustainable
feedstocks (such as Sustainable Aviation Fuel) that can cut GHG emissions.

Back a Skills Accelerator programme

To support the exploration of new technologies and incubator schemes for
sustainable energy and fuels, we need to harness and grow the existing
skills base. The current workforce is highly productive and many roles to
support a hydrogen economy and CO2 shipping are already in situ (such as
trained process operators, engineers with technical, operational,
maintenance and storage expertise). We need a skills accelerator
programme that will bring local education providers and employers
together to ensure a new generation can capitalise on these career
opportunities.

Back a Supply Chain Accelerator programme

The Milford Haven Waterway has an extensive, high skill supply chain with
a wealth of knowledge and experience in delivering the needs of the energy
sector. As the industry continues to innovate and evolve, we need an
Accelerator Programme to ensure the facilities, spaces and services within
the supply chain evolve in time to support this large-scale industrial
opportunity.
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Local economic development green
energy opportunities
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Opportunities in floating offshore wind
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There is a large region of high wind resource with suitably deep water in Wales. Given the interest
and the relative maturity of wind turbine technology it can be expected that the regional pipeline of
floating offshore wind projects will grow the most of any form of offshore renewable energy in the
near term.

All developers are currently working towards a steppingstone approach of incrementally larger
projects in order to grow regional supply chain capacity and learning alongside the projects
themselves and at present 300 MW is the maximum size of a floating offshore wind project under
The Crown Estate’s seabed leasing framework.

In November 2021 The Crown Estate (TCE) has published further detail on its leasing plans in the
Celtic Sea, confirming its ambition to unlock up to 4GW of new floating offshore wind capacity by
2035.

In July 2022, TCE has identified and published five broad ‘Areas of Search’ for the development of
floating offshore wind in the Celtic Sea. The areas have been identified following technical analysis and
extensive engagement between The Crown Estate, the UK and Welsh governments and key agencies,
and specialist stakeholders. Further stakeholder and market feedback will be used to refine the areas of
search into smaller project development areas, within which the first generation of commercial-scale
floating wind farms could be built. The project development areas will be offered to the market via
competitive tender, to be launched in mid-2023.

The Crown Estate will be tendering larger, 1GW-scale projects which may be developed in a phased or
‘stepping stone’ approach. This approach is deliberately intended to provide further opportunities for
investment in the supply chain and to facilitate the co-ordination of supporting infrastructure.

Subject to the outcome of the plan-level HRA, The Crown Estate will in 2023 also confirm seabed rights
for three separate ‘Test and Demonstration’ sites in the Celtic Sea. Experience from these smaller-scale
developments will inform the rollout of larger projects in the Celtic Sea and elsewhere.

TCE will also work with Electricity System Operator and others to support a coordinated grid solution, in
line with the work underway through the Offshore Transmission Network Review, to accelerate grid
development. They also plan to assess the longer-term potential for further market growth, beyond
2035, in the Celtic Sea; and prepare for future leasing rounds to bring viable further capacity to market.

To support a growing pipeline of projects in the region significant infrastructure will need to be put in
place to transport electricity to the grid. Pembrokeshire already has high voltage grid infrastructure put
in place to export power from Pembroke power station. Both PDZ and Blue Gem Wind'’s project plan to
utilise this infrastructure but significant upgrades may be needed to support multi gigawatt scale power
production from the Celtic Sea.

The follow-up study Strategic Infrastructure & Supply Chain Development — Deployment Scenarios has
calculated feasible deployment of offshore wind within each DNO zone. Assuming deployment density
and a number of additional constraints (including shipping lanes, Marine Protected Areas (MPAs),
Fishing activity and clustering effect of existing and planned wind farms it concluded that up to 60.1GW
could be deployed in the Celtic Sea.
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Opportunities in floating offshore wind

Floating wind projects in planning in Celtic Sea

The current list of planned and announced floating offshore wind projects in the region are
summarised in Table 9. This highlights a total capacity of around 2.2 GW have been planned in the
Celtic Sea. The layout of some of these projects are shown on the map below

TwinHub
Erebus
Valorous
Llyr1

Llyr 2
Whitecross
PDZ
Llywelyn
Petroc

Gwynt Glas

Celtic Deep 1

Celtic Deep 2

Celtic Sea — Early Commercial

Floating Release

Celtic Sea — Full Commercial

Floating Release

32MW

96 MW

300 MW

100 MW

100 MW
100 MW
180 MW
300 MW

300 MW

300 MW -
1,000 MW

98 MW

300 MW

Contender
1: 300 MW

Contender
2:350 MW

Hexicon (contracted)

Blue Gem Wind (a joint venture between Total and
Simply Blue Energy)

Blue Gem Wind

Floventis (a joint venture between SBM Offshore and
Cierco)

Floventis

Cobra and Flotation Energy

Wave Hub

Falck Renewables & BlueFloat Energy

Falck Renewables & BlueFloat Energy
EDF Renewables UK & DP Energy

AWC Technology Ltd.
AWC Technology Ltd.
Contender 1: Morwind Ltd.

Contender 2 & 3: Celtic Sea Offshore Wind Farm Ltd

Contender 1, 2 & 3: Simply Blue Energy Ltd.
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Summary of future regional plans and developments — floating offshore wind

Hexicon

In July 2022, the UK government awarded its first CFD for a floating
wind project to developer Hexicon through a special pot in the UK
Round 4 renewable energy auction. Hexicon secured a 15-year
contract at a highly competitive strike price of 87.3 £/MWh for its
32 MW TwinHub project,

Hexicon will deploy its floating foundations that allow two turbines
to be placed on a single foundation at the Wave Hub®
demonstration site 16 km off the north coast off Cornwall. The
project is expected to be completed between 2025 and 2027.

Blue Gem Wind

Blue Gem Wind is a partnership between Simply Blue Energy and
TotalEnergies to develop floating wind projects in the Celtic Sea.
Their ‘Erebus’ 96MW project is currently the only project with an
agreed Crown Estate lease (planned for 2026-2027). Blue Gem
Wind will initially focus on the Erebus demonstration project which
is 45 km offshore. Delivering the Celtic Sea’s first offshore floating
wind project will provide green energy to 90,000 homes per year
and will utilise Principle Power’s Windfloat technology as the
foundation. Blue Gem Wind also plan the development of the
commercial scale 300MW Valorous project, which will be sited
50km off the south-west coast of Pembrokeshire by 2029. DP
Energy and EDF Renewables are scoping floating offshore wind and
Green H2 opportunities in Pembrokeshire and the Celtic Sea.

Other projects announcing planned installation dates by 2030
include SimplyBlue / Shell project Emerald and other developers,
like RWE, looking to develop large scale floating offshore wind sites
by 2040.

ERM Dolphyn project

The ERM Dolphyn project is a planned 100-300MW commercial
project for a hydrogen wind farm in the Celtic sea using the ERM
Dolphyn technology.

The ERM technology comprises of an offshore electrolyser sited
on a floating offshore wind substructure, producing green
hydrogen from generated electricity and desalinated sea water.
The deployment phase is set to have a 2MW prototype facility by
2024 followed by 10MW full scale pre-commercial project by
2027.

The Celtic sea 100-300MW project plans to have a single
hydrogen pipeline to Pembroke / Milford Haven, where there are
options to supply green hydrogen at scale for industrial use to
industries around the Haven waterway, for port marine
operations, storage or to other future hydrogen off-takers. The
project is planned to be in operation by 2030 with plans to
expand to the GW scale by mid 2030s. ERM have agreed to trial
their device in the Pembroke Dock Marine City Deal META
(Marine Energy Test Area).

Floventis (a joint venture between SBM Offshore and Cierco)

The LIyr projects are exploring the potential of two innovative
floating offshore wind technologies. Llyr 1 and Llyr 2 (100MW
each) have secured Crown Estate lease and are subject to HRA
assessment.

Both sites will use different floating foundation technology. One is
believed to use SBMs technology with the other being from the
open market.

Greenlink Interconnector

The Greenlink Interconnector is a proposed 500MW subsea and
underground electricity interconnector cable that will provide a
new grid connection between then EirGrid’s Great Island
substation in County Wexford, Ireland and the National Grid’s
Pembroke substation in Pembrokeshire in Wales. The
interconnector will provide additional grid capacity and therefore
deliver increased energy security, increased opportunities for low
carbon renewable energy generation and regional investment.
Greenlink is planned to be commissioned in 2023.

In the Milford Haven context, the interconnector represents an
opportunity for renewable electricity export should grid capacity
or network improvement costs be a hindrance to large scale
renewable energy production in the shorter term (up to 2030).

Offshore Wind Ltd (a joint venture between Cobra and
Floatation Energy)

White Cross is a 100MW Test and Demonstration floating wind
farm located in the Celtic Sea. The project will look to utilise new
substructure technologies at pre-commercial scale and support
the development of the local supply chain.

They have secured Crown Estate lease and are subject to HRA
assessment.
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Summary of future regional plans and developments — agriculture

‘Deep Green’ Hydrogen & The New Carbon Economy

The proposal developed by Clo Carbon Cymru seeks to position the dairy
sector in Pembrokeshire at the forefront of establishing foundations for the
New Carbon Economy.

Generating hydrogen-based energy from slurry, parlour-washings and
wastewater, combined with more effective approaches to manure
management, presents an opportunity for dairy farmers to build resilience
into their business models and farming systems. Ultimately, this should help
to steer the sector through the challenging times ahead.

Approach

Agroforestry - Our model includes 7,000 trees per hectare (Welsh
Govt standard is 2,500 trees per hectare).

Deep Soil Carbon Sequestration - Increase capacity of soil to store
long-term carbon by up to 20% via addition of mycorrhizal and
melanotic fungi.

Biochar - Strategic utilisation of biochar to enhance water
retention and microbial activity in soil & to sequester carbon as a
long-term strategy.

Thermal Aerobic Carbon Production (TACP) - Conversion of low-
value hardwood (thinnings/ residual streams) into carbon-rich
replacement of peat-based products.

Improved management of slurry and manure from dairy farms, through
lactic acid fermentation and generation of hydrogen gas. Locally produced
high-protein food-crops, replacing imports and avoiding associated up/
downstream CO2 emissions. 90% reduction of gaseous emissions from
slurry and manure. Converts raw slurry to a nutrient-rich fertiliser. This
replaces synthetic chemical imports, increasing self-reliance and drastically
reducing carbon inputs.
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Summary of strategic sites in the region and future plans

Confidential, planned 20 MW green H2 electrolysis project in
Milford Haven (1)

A significant 15 MW green hydrogen electrolysis project located
on the Haven Waterway to develop the production, storage and
distribution of green hydrogen for refueling stations for road and

maritime transport. It is estimated to produce ~4 tons of h2 daily.

The project is expected to reach FID in 2023 and be
commissioned by 2025.

Confidential, planned 10 MW green H2 electrolysis project in
Milford Haven (2)

A significant 10 MW green hydrogen electrolysis project located
in North Pembrokeshire planning to make fuel for buses, HGVs,
trains, and industry in Wales. More details are expected to be
announced in October 2022.

Valero

Pembroke’s refinery is one of Europe's largest and most complex
refineries, with a total capacity of 270,000 barrels per day. The
refinery is responsible for 10% of Wales GDP, works in a strong
export market and supports many local jobs. Valero is one the UK’s
top ten largest single point emitters at 0.5% of total UK emissions
(2.2million tonnes CO2 in 2019). Using figures from ERM study,
Valero could make around 1700 tonnes of H2 per day (which
would take 6800 MW of wind power to produce the H2) for
industrial processes and low carbon synthetic fuels (potentially to
service the aviation industry).

South Hook and Dragon LNG
South Hook LNG terminal is an LNG regasification terminal near

Milford Haven and is the largest LNG terminal in Europe. Together
with the smaller Dragon LNG terminal it can handle up to 25% of

the UK's gas requirement. During the C-19 lockdown these terminal

supplied 80% of UK gas. Construction of the LNG terminals
unlocked access into the gas network via the extension of the
national transmission system (NTS) into Pembrokeshire.

It is believed to be working with WWU regards H2 blending into
local gas distribution grid. No details available due to NDA.

Shell & Dragon LNG have entered a JV for blue hydrogen
production and CCuS, but there is no details available due to NDA.

Lightsource / BP

It is understood that a JV has been formed to produce green H2
from photovoltaic solar farms in the SWIC region.

Blackbridge

Classified as regionally important strategic site, Blackbridge is a
potential 350MW biomass energy generation site. The owner is
looking to sell it after planning application has been refused. It is
Ex Gulf refinery site and currently inactive. Prosperity Energy
reported they have agreed purchase price with no details on the
plans for future use.

Statkraft (Trecwn)

Statkraft is a generator of renewable energy and is preparing
planning application for 50 MW Solar PV to support 10 MW green
H2 electrolysis to produce 2,000-4,000 kg H2/day. It is planned to
be operational around 2024 dependent on planning application.
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RWE Pembrokeshire Net Zero Centre

“RWE is looking to deliver
2GW of hydrogen projects
by 2030, including a green
hydrogen project in
Pembrokeshire. Key to this
is the economic viability of
projects producing
hydrogen for use across a
wide variety of sectors such
as transport, power and
industry. RWE welcomes
the work of MH:EK in
helping to make the
storage, use and
distribution of hydrogen
cost effective.”

Jeremy Smith, RWE

RWE operates Europe’s largest Combined Cycle Gas Turbine — 2200 MW
in Pembroke. It is a key industrial player on the Haven waterway,
owning and operating the Pembroke natural gas-fired power station. To
transition to carbon neutrality, RWE is looking at wide-scale investment
in decarbonisation technologies which includes transforming the
Pembroke power station to the Pembrokeshire Net Zero Centre (PNZC)
—a decarbonisation hub linking innovative low carbon technologies such
as hydrogen production, CCUS and floating offshore wind.

The construction of a 100-250MW electrolyser at the Pembroke power
station site is assumed to be completed by 2025 and scaled up to the
GW scale by 2030. By 2040, the Pembroke Power station is assumed to
be fully decarbonised, alongside RWE deploying GW scale floating wind
and establishing large-scale hydrogen production.

PNZC will develop and implement three distinctive pillars:
Decarbonisation of Pembroke Power Station

Activities in this pillar include assessing the options to decarbonise
further through SWIC: Partial replacement of natural gas with hydrogen
to reduce CO2by up to 15%; 100% replacement of natural gas by
hydrogen. Over the next months pre-FEED studies will be conducted as
part of the SWIC Phase 2 Deployment project.

Floating Offshore Wind development in the Celtic Sea.

Early ~100MW floating wind projects are being developed in the region
but significant deployment is only likely to in the late-2020s/early-2030s
and beyond. By 2050, total deployment could be up to 10GW

In March 2021, The Crown Estate announced it will be undertaking a
process for ‘early commercial scale’ floating wind opportunities in the
Celtic Sea -further details are to be announced imminently. RWE plans
to respond to expected Celtic Sea Floating Wind tender.

Green Hydrogen production, including feasibility studies for the development
of an electrolyser on the Pembroke site;

RWE is investigating the feasibility of developing a Lighthouse Green Hydrogen
Production project at the Pembroke Power Station site to include long-term
large-scale production connected to offshore floating wind in the Celtic Sea.

Next steps include conducting Green Hydrogen Production Feasibility Study
and consideration of renewable power connection associated with the Green
Hydrogen project.
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South Wales Industrial Cluster (SWIC)

SWIC is a partnership between Welsh Industry, energy suppliers,
infrastructure providers, academia, legal sector, service providers
and public sector organisations, working to map what is needed
to support South Wales in becoming a net zero carbon region by
2040.

The project is jointly funded by the project partners and UKRI. The
project entered its deployment phase in February 2021 and over
a period of 26 months aims to create pathways and opportunities
to promote Wales as a leading global player in decarbonised
industrial and economic growth, with a goal of net zero carbon by
2040.

The project brings together various industries such as energy, oil
refining, paper, nickel, chemicals, LNG import, steel and cement
to research, investigate and develop solutions and a plan to
decarbonise the industrial sector in South Wales. Topics or
options being investigated include blue hydrogen production,
CCUS, carbon dioxide transportation and shipping, and green
hydrogen production.

The phase one Deployment project focuses on four anchor
projects at sites that are responsible for a significant portion of
the economic activity in South Wales:

* Tata Steel’s integrated steelworks at Port Talbot,
* Tarmac’s Cement Works at Aberthaw
* Valero Energy’s Refinery,

* RWE’s CCGT Power Plant at Milford Haven.



MILFORD HAVEN: ENERGY KINGDOM

Summary of future regional plans and developments

City Deal Pembroke Dock Marine (PDM)

The £60 million Pembroke Dock Marine programme aims to place
Pembrokeshire at the heart of global zero carbon marine energy
innovation.

Pembroke Dock Marine will deliver the facilities, services and
spaces needed to establish a world-class centre for marine
engineering. Led by the private sector and supported by
Pembrokeshire County Council, Pembroke Dock Marine is made
up of four elements:

e Marine Energy Engineering Centre of Excellence (MEECE) -
Research, development and demonstration support, driving
innovation in the supply chain and reducing cost of energy.

e Pembroke Port developments - Creating spaces that help
industry fabricate, launch and maintain devices.

* Marine Energy Test Area (META) - Facilitates component, sub-
assembly and device testing through pre- consented test areas
in order to reduce the time, cost and risks faced and
accelerate growth in the sector.

*  Pembrokeshire Demonstration Zone (PDZ) - Enabling offshore
renewable infrastructure to catalyse the Celtic Sea floating
offshore wind and marine energy opportunities.

South Wales ZERO 2050

The Zero 2050 study considers how net zero greenhouse gas
emissions for the whole energy system in South Wales can be
achieved. Pembrokeshire was one of the 14 local authorities in
South Wales covered by the project with Milford Haven featuring
as a major energy use location in South Wales.

The study identifies low regret options that would accelerate the
transition to net zero by 2050 including:

* increasing the capacity of onshore wind and solar;

* piloting hydrogen production from both autothermal
reformation and electrolysis;

* undertaking network studies to understand feasibility and cost
of transitioning networks to hydrogen; and

* investigating options for CCUS and CO2 export from South
Wales (which are of particular relevance to MH:EK).

The study recognises the uncertainties around the route to
decarbonisation and recommends to take an adaptive pathway
approach by monitoring tipping points that will enable future
decision making.

Regen Net Zero South Wales

The Regen Net Zero South Wales project undertook an integrated
net zero Distribution Future Energy Scenarios (DFES) analysis in
South Wales. Regen along with Wales and West Utilities (WWU)
and Western Power Distribution (WPD) explored three scenario
pathways for the gas and electricity networks to 2050 to explore
what the future could look like in the region and develop a
methodology that can be used for future integrated DFES analysis.
The DFES approach created bottom-up, stakeholder led, locally
relevant decarbonization pathways for licence areas and regions.
The DFES data produced was then used by the distribution
networks to plan how the network might need to evolve and
where and when network investment or flexibility solutions might
be needed. Three net zero scenario pathways: High Electrification,
Core Hydrogen and High Hydrogen were used in this study.

The recommendations from the study are particularly relevant to
how to integrate DFES (local & regional distribution pathways) to
National Grid FES. The study recommends that a scenario
approach is critical to delivering a cross-vector DFES which allows
the gas and electricity networks to agree on a set of possible
futures.
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Technology acceleration opportunities
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Longlist to shortlist appraisal

Number Criteria Category Criteria Name Weighting

Criteria 6 Technical Design Design — known technology & approaches, appropriateness and balance of supply & demand 2%
o . . Construction — known methods, supply chain skills & technical capability, local supply of materials and construction support facilities, installation programme & weather
Criteria 7 Technical Construction . i R . I G U [ P e 2%
downtime vulnerability, construction of environmental mitigations
Criteria 8 Technical Operation In-use phase — operation & maintenance requirements, schedule, access & safety considerations, supply chain availability and material supply for significant maintenance events 1%
N D issioning - k hnol hes, timefi likely ch: ly chail hnologies, ign life & potential extension, environmental
Criteria 9 Technical Decamissiong ecommissioning - known technology & approaches, timeframe & likely changes to supply chain and technologies, design life & potenti 2%

mitigation, safeguarding of other benefits. How robust is the scheme to external scenarios.

Criteria 15 Financial Viability Capital Cost The upfront cost of the solution to the point of installation or commissioning 3%
Criteria 16 Financial Viability Maintenance Cost The annual costs of operating and maintaining the proposed scheme 2%
Criteria 17 Financial Viability Price Resilience The resilience of the scheme to energy price volatility 3%
Criteria 18 Financial Viability Levelised Cost of Energy The anticipated LCOE 3%
Criteria 19 Financial Viability Supply Chain The opportunity for investment in the supply chain to realise the delivery of the scheme, if any. And if so, the scale of investment. 3%
s
Criteria 21 Proposition Deliverability Immediate Need / Opportunity Readiness s there an identified immediate need or opportunity associated with the proposition? E.g. planned (re)development. 2%
Criteria 22 Proposition Deliverability Complexity of asset ownership Number of parties or direct stakeholders involved 3%
Criteria 23 Proposition Deliverability Policy & Regulatory Considerations Critical barriers or obstacles presented by current policy & regulation to the scheme 3%
Criteria 24 Proposition Deliverability Development Risk The risk associated with the proposition from planning through to installation and commissioning 3%
Criteria 25 Proposition Deliverability Scheme Constraints The number of significant constraints associated with the scheme 3%
Criteria 26 Proposition Deliverability Future Expansion }1[1;sacdh:pr;\:b\ln;iI:::;z;::l:\l::z::;::lcot;?f;o additional loads, and bring benefits to the wider area. The scheme will be capable of supporting future expansion of energy capacity 3%
Criteria 27 Proposition Deliverability Visual Impact The visual impact of the scheme in the landscape and the possibility of raising objections. 3%
Criteria 28 Proposition Deliverability Low-Carbon Technologies The scheme will allow for low-carbon technologies to be on display 3%

o Wellbeing & Future The scheme will promote wider benefits to wellbeing goals in terms of: Prosperous / Resilient / Healthier / More equal / Cohesive communities / Vibrant culture / Globally
Criteria 31 . WFGA Goals ¥
Generations Act responsible

Criteria 32 év:r::_?t?gng; ;l::ure WFGA Ways of Working The scheme will promote wider benefits to ways of working in terms of: Long term / Prevention / Integration / Collaboration / Involvement 3%



















































