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Milford Haven Hydrogen Kingdom: Exploring Hydrogen Offtake as a Driver for Wave Energy Deployment in Pembrokeshire

Non-Technical Summary

Milford Haven: Hydrogen Kingdom explores whether sharing offshore infrastructure
between wave-energy converters (WECs) and up to nine 15 MW floating offshore wind
turbines each with an integrated electrolyser can deliver a credible, bankable revenue
pathway for commercial-scale wave energy in Wales. The proposed development is located
inside the Pembrokeshire Demonstration Zone (PDZ), a 90 km? Crown Estate lease positioned
~15 km south-west of Milford Haven.

The “Dolphyn-in-the-PDZ" concept: a 15 MW floating offshore wind platform with an integrated electrolyser
producing green hydrogen offshore. This study explores adding a modular starter block of 1.75 MW of WEC capacity
that would piggy-back on spare electrolyser head-room and shared hydrogen export infrastructure, with potential
to scale wave power to = 15.75 MW as more floating wind turbines are deployed. By leveraging the Dolphyn
infrastructure, the aim is to drive wave-energy LCOE below the market price for green hydrogen (=£200 /MWh),
thereby opening the door to commercially viable wave energy deployment while expanding green-hydrogen supply
to the emerging Celtic-Sea market

12014 2019

2022-2023

Multi-Connection Offshore
Substation (MOS) concept
study completed and
Scoping Report submitted
to Natural Resources
Wales (February 2023).

Updated techno-economic
. ‘analysis by Black & Veatch
and Royal HaskoningDHV.

Crown Estate awards a 90 km?.
seabed lease for the
Pembrokeshire
Demonstration Zone (PDZ) as
a wave and tidal energy test
and demonstration site.

¥ ¢

Demonstrated how a
pl'iased offshore hub could
host both FLOW and wave
devices and provide shared
grid/hydrogen
infrastructure,
underpinning ongoing
discussions about varying
the PDZ lease to include
FLOW and hydrogen uses.

Showed stand-alone wave
projects struggle to
achieve competitive LCOE
and recommended
exploring co-location with
FLOW and offshore

Establishes a permitted area
~15 km offshore where
wave-energy arrays can be
deployed; lease wording
chrrently excludes floating
offshore wind (FLOW). Early
technical scoping (2014-2018) green-hydrogen

built baseline environmental production to improve
data. economics.

In partnership with
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Why This Matters

Wave energy worldwide sits in a financing “valley of death”: first-of-a-kind machines are expensive, private lenders
see little operational track-record, and the UK's Contracts for Difference (CfD) pots are not currently structured to
allow competitive access to wave energy developers.

The cost range identified in this study—£327 /MWh for a 1.75 MW starter block falling to £181-206 /MWh at
15.75 MW scale—shows that early deployments may need targeted financial support, while larger roll-outs can
unlock economies of scale that push wave energy toward commercial viability.

The European Marine Energy Centre (EMEC) in Orkney already underpins prototype development upto 1 MW scale,
de-risking core technology and marine operations. What is still missing, however, are grid-connected, 5-20 MW
“prototype-array” demonstrators that gather multi-year revenue data and qualify devices for mainstream project
finance.

The Dolphyn-in-the-PDZ concept is designed to fill precisely this gap by combining wave, floating wind and
green-hydrogen infrastructure in a commercially structured package that can access a wider pool of investors.

Core findings

Resource and operating window

The site enjoys a Class 2 “Feasible” wave climate but suffers pronounced spring-summer lulls. Extreme winter
storms (> 10 m Hs) and a spring tidal range of ~6 m demand robust moorings, storm-parking strategies and flexible
installation windows.

Technology readiness and cost

Only one WEC original equiepment maunfacturer (OEM) is truly “array-ready” today. A 1.75 MW starter block
produces hydrogen at an LCOE above £327 /MWh, but rapid scale-up to 15.75 MW can bring costs down to £181-
206 /MWHh.

Hydrogen offtake - fixed vs. variable capacity

A dedicated 1.75 MW electrolyser on each floating platform ensures capacity is always available for wave energy.
This could underpin a predictable revenue stream, provided the Wave energy converter array scales from 1.75 MW
to full size within about three years. Fixed electrolyser capacity could also subsidise full-scale device demonstrations
when paired with grant funding. Alternatively, wave units could feed into the ‘spare’ electrolyser head-room that
exists whenever the co-located wind turbine is generating below its nameplate output. For that variable-capacity
route to be economical, usable wave resource must coincide with spare head-room in = 80 % of those hours.
Preliminary wind-wave screening indicates overlap of only 55-70 %; therefore, a detailed hour-by-hour correlation
study is required to determine whether the 80 % minimum viability threshold can realistically be met.
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Economic value for Wales

The jobs and GVA numbers below are lifecycle averages spread over an assumed 20-year project term. In reality, for
offshore renewable energy projects employment is heavily front-loaded: more than 60 % of FTEs occur during the
three-year construction and installation phase, with a smaller, stable cohort retained for operations & maintenance.

Per-MW uplift

On average, every installed MW of wave capacity supports ~1.3 full-time-equivalent (FTE) jobs and adds
~£0.6 million in Gross Value Added (GVA) over the project life.

Starter block (1.75 MW)

Equates to ~2 lifecycle FTEs on average but peaks at roughly 10-15 on-site jobs during construction, delivering
~£1.1 million in total GVA.

Scaled array (15.75 MW)

Averaging ~20 FTEs across the life of the project, with ~90-110 jobs at the construction peak, and ~£9.5 million in
total GVA.

A real-world deployment case presented on page 10 shows how wave deployments can drive significantly greater
employment and investment than the conservative desk-study figures quoted here.

Recommendations

Commission a 30-year, hour-by-hour wind-wave

correlation & electrolyser-dispatch study.

Request device-specific power matrices and O&M
assumptions from developers.

Publish a site-readiness roadmap covering lease
variations, EIA windows and consenting.

Develop an integrated scale-up & logistics Gantt with
local contractors.

Install a directional wave buoy and complete
geophysical seabed surveys.

Define a staged common-infrastructure package
(electrolysers, umbilicals, H2 export).

Secure a hydrogen offtake agreement or equivalent

revenue-support mechanism.

Formalise a local supply-chain & skills plan.

Re-engage developers once road map data packages
are published.
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Introduction

Wave energy remains an under-utilised part of the UK's renewable portfolio, despite decades
of technology innovation. While the most energetic Atlantic swells reach the north-west coast
of Scotland, the south-west approaches of Wales and the Celtic Sea still enjoy one of the
strongest and most accessible wave climates in England and Wales. When combined with
short distances from Milford Haven, established infrastructure, and the proposed
development site’s existing lease, Pembrokeshire offers a uniquely low-friction environment
for proving commercial-scale concepts.

Commercial deployment nationwide has been held back largely by the high upfront cost of developing remote,
energetic sites and by an uncompetitive route-to-market under the current Contracts for Difference (CfD)
framework, whilst prototype demonstration still remains a costly endeavour. Hybrid projects that couple wave
energy with offshore hydrogen production and potentially share infrastructure with the emerging floating-wind
market in the Celtic Sea are therefore being explored as a pragmatic pathway to full-scale or pre-commercial array
demonstrations.

This report assesses the wave resource within the proposed development site to gauge the technical feasibility of
integrating wave-energy converters (WECs) into an offshore hydrogen production system co-located with floating
offshore wind infrastructure. The analysis draws on hindcast data to characterise seasonal variability and design
parameters relevant to floating and hybrid energy systems.

In parallel, the report reviews the potential socio-economic impact of wave-energy deployment in Wales, focusing on
employment, gross value added (GVA), and opportunities for local supply chains. Finally, a market-engagement
exercise captures industry perspectives on the site's technical feasibility and the commercial attractiveness of
integrating wave power with a hydrogen offtake solution.

Site and Resource

The proposed development sits within the Pembrokeshire Demonstration Zone (PDZ), a 90
km?2 Crown Estate lease located ~15 km off the south-west Pembrokeshire coastline where
water depths range from 54 m to 62 m below Chart Datum and the mean spring tidal range is
~6.3 m.

For readers who want the full met-ocean detail, Celtic Sea Power’s 2024 assessments provide comprehensive
datasets for both wind and wave conditions:

¢ Pembrokeshire Demonstration Zone Wind Resource Assessment Report (PDF)
« PDZ Wave Resource Assessment Report (PDF)

The wave resource has been characterised using data from the ResourceCode platform, specifically from Node
326157 located at approximately 5.09234°W, 51.5462°N—near the centre of the site. This node is derived from the
Copernicus NW Shelf hindcast model, offering hourly data from 1 January 1994 to 31 December 2020.

Wave power was estimated using Tp (peak period) and Hs (significant wave height) values, assuming a JONSWAP
spectrum and applying deep water theory. From this, the average and peak values at the site are:

Average wave power: ~15.75 kW/m
Mean significant wave height (Hs): 1.9 m
Mean peak period (Tp): 8.0 s

Peak wave power: 505.5 kW/m
Maximum Hs: 10.9 m

Maximum Tp: 195 s

According to IEC TS 62600-101, this resource would be categorised as Class 2 - “Feasible”, indicating potential
suitability for commercial development depending on the system application.
The site exhibits strong seasonal variability, which has important implications for technology and project design:

* In autumn and winter, wave energy is consistently stronger, with Hs regularly above 2.0 m, supporting optimal
generation conditions.

* Inspring and summer, the resource drops significantly, with long durations where Hs is ~1.0 m or lower, limiting
energy availability.

This pattern suggests that systems deployed to support offshore hydrogen production must be designed to either:

* Operate seasonally, aligning with higher resource availability.

* Include energy storage or hybridisation to bridge periods of low output.

+  Or accept reduced capacity during summer months as part of the operating strategy.

The extremes (e.g. Hs >10 m) are useful in setting survivability thresholds and informing structural design for
floating systems.

While the site demonstrates a technically feasible wave resource, commercial viability depends on a range of factors
beyond resource magnitude:


https://celticseapower.co.uk/wp-content/uploads/2024/03/Pembrokeshire_Demonstration_Zone_Wind_Resource_Assessment_Report.pdf
https://celticseapower.co.uk/wp-content/uploads/2024/03/PDZ_Wave_Resource_Assessment_Report.pdf
https://celticseapower.co.uk/wp-content/uploads/2024/03/PDZ_Wave_Resource_Assessment_Report.pdf
https://celticseapower.co.uk/wp-content/uploads/2024/03/PDZ_Wave_Resource_Assessment_Report.pdf
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« The cost and performance of the floating electrolyser and associated wave energy conversion system.
+ The ability to withstand storm conditions and continue operations across variable seasons.

+ Infrastructure needs such as energy storage or alternative power sources during low resource months;
+  Operational costs, maintenance cycles, and scalability of deployment.

The intermittency of wave energy, highlights the need to match system design with seasonal power availability. It
may be more practical in some cases to design for seasonal-only operation or accept lower performance outside
the peak generation period.

Socio-economic benefits of Wave energy
projects

Wave energy technology is still in the early stages of commercial development. While
commercial-scale deployments remain limited, the sector is advancing steadily through
demonstration projects.

Despite its emerging status, wave energy holds significant promise, not only as an important part of the future
energy mix, but also as a driver of broader economic and social value. Wave energy projects have significant
potential to support job creation, boost regional economies, and contribute meaningfully to national energy and
industrial strategies.

In Wales, the government has set ambitious targets to meet 100% of its electricity needs from renewable sources by
2035 whilst the UK government has set a course to Clean Power 2030. The wave energy opportunity around the UK
cannot be ignored.

“Hydrogen plays an important role in achieving the UK’s clean energy and net zero transition, and in securing
the UK’s energy independence. As a source of flexible low carbon power generation, hydrogen can provide
resilience, cleaner energy and savings to the wider power system, and very long duration energy storage.”

The UK's modern industrial strategy - Clean Energy Industries: Sector Plan 2025

Over the last decade much work has been done on the socio-economic benefits of renewables and specifically wave
energy, in this report we have reviewed the literature in the context of Wales, UK and Europe (Table 1).

Wales & UK

In 2016 the Marine Energy Task & Finish Group reported that the deployment of 30 MW each of wave and tidal
stream energy in Wales has the potential to support around 2,000 person-years of employment during
development and installation phases, and approximately 50 full-time equivalent (FTE) jobs annually during
operation. This scale of investment, estimated at £150 million, could generate over £70 million in Gross Value Added
(GVA) for the Welsh economy. Expansion to a 300 MW commercial array could deliver up to 8,500 person-years of
employment and over £300 million in GVA, while a 1 GW deployment could support as many as 24,000 person-years
and 440 FTEs annually, shown in Table 1.

A similar picture can be seen in Scotland in a detailed economic impact assessment by the University of Edinburgh’s
Policy and Innovation Group, where wave energy projects could contribute over £4.2 billion in GVA to the Scottish
economy by 2050 under a high-ambition domestic deployment scenario, with additional GVA of up to £16.6 billion
from global export opportunities (Noble, Grattan & Jeffrey, 2025). These figures reflect a combination of projected
installations within Scotland (4.5 GW), across the rest of the UK (1.9 GW), and up to 20% Scottish market share in a
global deployment scenario of 180 GW. In employment terms, wave energy could support nearly 40,000 FTE jobs in
Scotland by 2050, with roughly 9,700 of these resulting from domestic projects and the remainder from
international market engagement. The study highlights that nearly half of the GVA would stem from the
manufacturing of wave energy devices, with a growing share allocated to operations and maintenance as the sector
matures.
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Taking the UK as a whole, the Supergen Offshore Renewable Energy Hub (2025) stated that wave energy could
contribute between £2.3 billion and £4.3 billion in GVA from domestic UK deployments by 2050, assuming 6 GW of
deployment and varying levels of supply chain retention. When accounting for exports to international markets
based on a projected global wave deployment of 109 GW, UK wave energy content could add a further £3.89 billion
to £19.42 billion in GVA under low and high retention scenarios, respectively. This makes wave energy the largest

Case Study: Regional wave
energy development

In 2017, a wave energy developer originally based in Australia, relocated its operationsito Pembroke contributor to export-driven GVA among the innovative offshore technologies assessed. Table 1 shows thaton a
Dock, Wales. This move was driven by the opportunity to develop and test their innovative per-megawatt basis, wave energy yields between £394,000 and £730,000 GVA per MW domestically. An additional
technology, initially at the Marine Energy Test Area (META) - a smaller nearshore site'designed.as a £36,000 to £178,000 GVA per MW is attributed to international deployments, reflecting strong value when
stepping stone for larger deployments within the Pembrokeshire Demonstration Zone (PDZ). supported by a robust UK supply chain.
The company built a 1.5MW prototype of their device in Pembroke Dock. While the prototype was Europe
never deployed, it generated an estimated £19 million in gross value added (GVA) to the local
economy through a combination of public and private investment. Much of the fabrication and A similar picture can been seen in across Europe, in a major report commissioned by the European Union under the
engineering work was carried out by local suppliers such as Altrad and Mainstay. Horizon 2020 programme estimates that the development and deployment of wave energy converters could
contribute between €25 billion and €57 billion in GVA to the European economy by 2050, depending on the scale of
At their peak; the company employed 27 full-time equivalent (FTE) roles locally, providing skilled jobs deployment and the extent to which local supply chains are utilised (Cochrane, Pennock & Jeffrey, 2021). The
and supporting the,local supply chain. Although fundingchallenges have since limited the company's analysis presents three deployment scenarios, showing that a strong domestic supply chain and leadership in global
presencelin Pembroke Dock, the £19 million of GVA and 27 FTEs associated with a single 1.5MW markets are critical to maximising economic benefit. Under a high-ambition scenario where Europe leads the global
device far exceed the levels typically suggested by desk-based studies of wave energy deployments. market and installs 30 - 60 GW of wave energy projects, the projected GVA reaches the upper end of the estimate.
This underscores the significant additional value that research, development and innovation (RDI) Conversely, if Europe follows global trends without strengthening its local supply base, the economic returns are
activities can bring to the local economy, even when a technology is not ultimately deployed. significantly reduced.
The experience of this company highlights the broader opportunity offered by the site. If future Studies from Wales, the UK, and Europe demonstrate that despite being at an early stage of commercial
deployments in the zone can successfully'anchor wave energy developers in Pembroke Dock, development, wave energy projects hold considerable promise both as a renewable energy source and as a catalyst
encouraging them to base their activities locally while advancing technological development, the for economic growth. The research consistently highlights the potential for wave energy to contribute significant
resulting economic benefits could be more than an order of magnitude greater. Such sustained GVA and support substantial employment, particularly when supported by strong local supply chains.
investment would drive regional growth, create high-value jobs, and reinforce Pembrokeshire’s
potential as a hub forimarine renewable energy innovation.
2050
Report Year Jurisdiction Dep(lg)‘/Nn;ent GVA FTE pe?'vlaw peT'TI\IIEIW
E"na;ig‘ys Energy Plan for Wales - Unlocking the 2016 Wales 0.3-1 £70-840m | 50-4d0 | FgRAeds”
A study into the potential economic value offered €838662 -
to Europe from the development and deployment 2021 EU 31-61 €25.4-57.7bn N/A €982.192 N/A
of wave and tidal energy to 2050 !
S e 25 | scona |45 | e7-aan aswosmo | ST gans
] 1 What is the value of innovative offshore renewable £393,333 -
[!' # - energ;/ depl\c/)yrlrjwent tlo th\é Uli\<l economy? " 2025 UK 6 £2.36-4.37bn N/A 728,333 N/A

N

Table 1: Summary of evidence gathered from industry reports

"]
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Gross Value Added (GVA)

To estimate the average Gross Value Added (GVA) per megawatt (MW) from wave energy projects, industry reports
were analysed, and four key reports covering Wales, Scotland, the UK, and the EU were identified. For each report,
the reported GVA per MW range was extracted, the midpoint of that range was calculated, and all values were
converted to GBP for consistency, as shown in Table 1. A weighted average (£603,486) was calculated using the

median values from each report and is shown in Table 2.

Table 3 presents estimated GVA in Great British Pounds (GBP) for wave energy projects at incremental capacity

levels, increasing in 1.75 MW steps from 1 MW to 15.75 MW. For each capacity level, three GVA estimates are shown:

a minimum, average, and maximum, based on a range of values identified across multiple industry reports.

« At 1 MW, GVA ranges from £233,333 (minimum) to £840,000 (maximum), with the weighted average of £603,486.

* As capacity scales up, GVA increases proportionally. For example, at 8.75 MW, GVA is estimated between £2.04

million and £7.35 million, with an average of £5.28 million.

+ At the upper end of the range, 15.75 MW, GVA estimates range from £3.67 million (min) to £13.23 million (max),

with an average of £9.5 million.

Figure 1 shows the economic value of wave energy deployment across a realistic range of project sizes, highlighting

how investment and value creation scale with installed capacity.

Report GVA per MW (Min) GVA per MW (Avg) GVA per MW (Max)
Wales (2016) £233,333 £536,667 £840,000

EU (2021) (converted from €) £713,863 £774,000 £834,863
Scotland (2025) £377,777 £544,444 £711,111

UK (2025) £393,333 £560,833 £728,333
Weighted Average GVA per MW / £603,486 /

Table 2: Minimum, average, and maximum GVA scenarios
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Potential GVA at 1.75 MW to 15.75MW
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Figure 1: Potential GVA at 1.75 MW increments
No. Units MW GVA Min (£) GVA Average (£) GVA Max (£)
N/A 1 233,333 603,486 840,000
1 1.75 408,333 1,056,101 1,470,000
2 3.5 816,666 2,112,201 2,940,000
3 5.25 1,224,998 3,168,302 4,410,000
4 7 1,633,331 4,224,402 5,880,000
5 8.75 2,041,664 5,280,503 7,350,000
6 10.5 2,449,997 6,336,603 8,820,000
7 12.25 2,858,329 7,392,704 10,290,000
8 14 3,266,662 8,448,804 11,760,000
9 15.75 3,674,995 9,504,905 13,230,000

Table 3: Potential GVA at 1.75 MW increments
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Full Time Equivalents (FTE)

A similar approach was taken to estimate average job creation (over the lifetime of the project), measured in full-
time equivalents (FTE) per MW. Relevant data from the Wales and Scotland reports were used to identify the
minimum and maximum FTE per MW values, as shown in Table 4. For each source, the average of the reported
range was calculated, and these median values were used to derive an overall weighted average. This provides a
representative estimate of employment impact per MW as shown in Table 4.

Table 5 shows the estimated employment impacts of wave-energy deployment, expressed as full-time equivalent

(FTE). Capacity increases in 1.75 MW increments and shows the minimum, average, and maximum potential FTE up

to 15.75MW capacity.

Report FTE per MW (Min) FTE per MW (Avg) FTE per MW (Max)
Wales (2016) 0.4 1.0 1.6

EU (2021) (converted from €) N/A N/A N/A
Scotland (2025) 1.0 1.58 2.15

UK (2025) N/A N/A N/A
Weighted Average GVA per MW / 1.29 /

Table 4: Minimum, average, maximum FTE scenarios

No. Units MW FTE per MW (Min) FTE per MW (Avg) FTE per MW (Max)
N/A 1 0.4 1.3 1.6
1 1.75 0.7 23 2.8
2 3.5 1.4 4.5 5.6
3 5.25 2.1 6.8 8.4
4 7 2.8 9.0 11.2
5 8.75 3.5 1.3 14.0
6 10.5 4.2 135 16.8
7 12.25 4.9 15.8 19.6
8 14 5.6 18.1 224
9 15.75 6.3 20.3 25.2

Table 5: Minimum, average, maximum FTEs at 1.75MW increments
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Figure 2: Potential FTE's at 1.75 MW increments
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Market Engagement

Our recent engagements with leading wave-energy players reveal three distinct cohorts, each
viewing hydrogen offtake through a different strategic lens:

Cohort Readiness profile Strategic focus
Technologies proven at commercial Building bankable, 210 MW projects and securing long-term power purchase
A - Array-ready (TRL 9+) scale; serial production under way or agreements is a top-tier objective. Hydrogen offtake is seen as a near-term
imminent. market-entry lever.

Preparing full-scale prototypes for real- | Priority is de-risking performance and reliability.

. . sea validation (often at sites such as Interest in hydrogen is opportunistic; contingent on successful
B - First-of-a-kind demonstrators (TRL 8-9)| £\iEC, BIMEP or PLOCAN). demonstration and availability of grant or innovation funding for the next
phase.
Concept refinement and sub-scale Limited bandwidth for offtake structuring. Hydrogen discussions are

C - Early-stage innovators (TRL £ 7) testing dominate resources; commercial | exploratory and typically framed around future test deployments rather than

pipelines are embryonic. near-term projects.

Table 6. Categorisation of wave energy developers into distinct cohorts, each with a different strategic perspective on a hydrogen offtake opportunity.

While nuances exist within each group, this segmentation provides a clear basis for tailoring partnership models,
risk allocation and support mechanisms in any hydrogen-linked market initiative. At the time of writing (June 2025),
CorPower Ocean are the only wave energy developer in Cohort A, whilst all other wave energy developers fall into
either Cohort B or C. With time and successful technological developments, it can be expected that some Cohort C
developers progress to Cohort B and some Cohort B developers progress to Cohort A.

Table 7 sets out the strike-price each developer cohort would need to make a 1.75 MW wave-to-hydrogen offtake at
the proposed development site viable, and how that price falls when the project is expanded to 15.75 MW. The
analysis uses two data sources: developer-supplied cost information and publicly available wave-resource data for
the site. The information presented is therefore representative of the best available cost data for developers at the
time of writing.

Cohort A costs come straight from the cost information provided directly by CorPower Ocean. For a first 1.75 MW
tranche (envisioned as a small array, not a single device) CAPEX is £7.65 m MW~ and OPEX £0.3 m MW~ yr™; scaling
to 15.75 MW drives those figures down to £4.68 m and £0.15 m respectively. Cohort B lacks consistent or uniform
cost data due to the diversity of technologies within this cohort, so the CAPEX range (£8.5-17 m MW" represents
data collected from various technology developers and OPEX is tentatively bracketed at 3-5 % of CAPEX per year, in
line with first-of-a-kind practice. Cohort C remains below TRL 8 and is therefore excluded from quantitative
assessment until credible costs emerge.

On the resource side, the calculation draws on a 27-year hind-cast from ResourceCode node 326157. This yields an
average wave-power flux of 15.8 kW m™, which when combined with a representative capture-width ratio translates
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to a net capacity factor of roughly 22%. This site-specific factor captures the site's strong winter waves and weaker
summer conditions, ensuring the strike-price numbers reflect real seasonal performance.

Financial modelling follows standard UK renewables assumptions: a 25-year project life, an 8% real weighted-
average cost of capital, and capital-recovery for annualising investment. Annualised CAPEX and OPEX are summed
and divided by yearly energy output (capacity factor x 8,760 h) to generate the £/MWh ranges.

Bringing these strike-price findings into a wider commercial context clarifies the very different risk-reward profiles of
the three cohorts.

Cohort A

For the array-ready developer, the site offers two unrivalled advantages: a consented envelope and shared
infrastructure that shave several hundred thousand euros per megawatt off baseline CAPEX. Those benefits are
partially offset by the site’s softer summer wave climate, which reduces the capacity factor below what the same
array would achieve in more open North-Atlantic waters. The net result is a “knife-edge” business case: a 1.75 MW
starter array is marginal, but if the company can step cleanly through successive 1.75 MW blocks with optimised
installation campaigns and reach 15.75 MW within three years, the project slips into CfD ASP comparable territory.
Any slowdown to the build-out,triggered, for example, by supply-chain bottlenecks or permitting delays would
strand capital at the high-cost end of the curve and negatively impact the headline LCOE advantage the site.

Cohort B

Although the Pembrokeshire Demonstration Zone (PDZ) was never intended to replicate small-scale test facilities
such as PLOCAN, BIMEP or EMEC, its firm hydrogen-offtake potential makes it attractive to first-of-a-kind developers
seeking to offset the cash burn of prototype trials. A 1.75 MW offtake can indeed plug a funding gap when blended
with grant funding from the likes of Innovate UK or Horizon Europe. Yet the site's working environment 20 km+ from
port, a mean spring tidal range of 6m and local cross-set currents add operational risk and complexity they do not
face at those European test berths. Every extra hour of transit, tidal stand-off or weather delay could inflate an
already tentative OPEX budget. Consequently, these developers will weigh the site opportunity against alternative
sites where marine access is much kinder, even if offtake revenue is absent. Any engagement strategy must
therefore position the site participation as a differentiated learning-by-doing opportunity, one that demonstrates
hybrid wave-to-hydrogen operation under more complex real sea conditions, rather than a clear-cut commercial
step.

Cohort C

Early-stage innovators remain two or more technology readiness levels away from meaningful cost visibility. Their
priority is to lock in survivability and performance at model scale before entering the CAPEX-heavy world of full-size
prototypes. While the site’s hydrogen concept may ultimately feature in their growth story, allocating capacity to
these players today would deliver limited near-term value. A low-touch engagement keeps the door open without
diluting focus on bankable near-term partners.
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Cohort Technology stage

Array size

Indicative CAPEX* (£ m/MW)

OPEX* (£ m/MW/yr)

Levelised cost — strike-
price required (£/MWHh,
2024f£)

Comments

A TRL 9, serial production 1.75 MW ~7.65 ~0.3 = 323 -357 Sub-optimal size; only viable as a subsidised
under way pilot.
Falls within AR6 wave CFD reference band once
15.75 MW ~4.68 ~0.15 =179 - 204 PDZ export-cable saving is factored in. Speed of
stepping through 1.75 MW blocks is critical.
B TRL 8-9, first-of-a-kind Unknown, assumed Could work if paired with innovation funding. Site
prototype 1.75 MW 8.5-17 3-5% of CAPEX =544 - 1,267 complexity (long transit, >6 m tidal range) is a
deterrent.
Not a near-term target; would require a second
15.75 MW Unknown Unknown Unknown funding round and proof of reliability.
c Not yet Commercial discussions premature; focus
TRL <7, sub-scale testing Any n/a n/a meaningful remains on tech maturation.

Table 7. Indicative strike prices required to make wave deployment in the PDZ commercially viable
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Integration with Variable Electrolyser
Capacity

The co-location concept at the site envisages a 1.75 MW “fixed” wave-energy offtake sized to the continuous
baseload of a floating electrolyser that is already coupled to an offshore wind turbine. When wind generation dips,
the electrolyser’s head-room rises: a 10 MW turbine leaves up to 2.53 MW of variable spare capacity, while a 15 MW
unit leaves up to 2.11 MW. The question is whether a wave-energy converter array can profitably fill that variable
slot without undermining its own economics.

Technical feasibility

Cohort A devices can enter a “parked” or clutch-disengaged mode within seconds; the developer has already
demonstrated controlled shut-downs and restarts at a Portuguese test berth. Some Cohort B technologies can
throttle or curtail output, but developers often express wariness over the impacts of extra wear on the system.
Ultimately these systems need to be further demonstrated to increase confidence in their performance. Cohort C
technologies are not yet far enough along to make meaningful claims.

Down-ramping (shedding load) is straightforward for Cohort A; up-ramping is limited by the instantaneous wave
resource rather than by control hardware. In practice, the WEC can track electrolyser head-room with minute-scale
resolution, but only if wave power is available at that moment.

Commercial considerations

The crux is availability: how often will spare electrolyser capacity coincide with harvestable wave energy? For a
Cohort A array at the site the levelised cost of energy (LCOE) sits at £179-204 /MWh once 15.75 MW is installed,
based on a 22 % site capacity factor. Every 10 percentage-point drop in WEC utilisation pushes that figure up by
roughly 12 %. Internal financial modelling shared by the developer shows the project remains within CfD-like pricing
so long as annual utilisation stays above = 80 %; below that threshold the strike price drifts above £204 /MWh and
the head-room strategy starts eroding value instead of adding it.

Early Monte-Carlo correlations of publicly available wind and wave time-series data (not yet fully validated) suggest
that spare electrolyser capacity may be available only 55-70 % of the hours when wave energy is above a typical
WEC's cut-in threshold. That falls short of the 80 % economic hurdle for Cohort A, meaning that designing an array
to utilise variable capacity at this site is unlikely to be commercially viable. A high-resolution complementarity study
is therefore a pre-requisite before committing capital to a dynamic-sharing arrangement.

Cohort B sees even less upside: its prototype already faces LCOEs north of £544 /MWh at 1.75 MW and would need

grant support in any case. Adding operational complexity and potential fatigue loading from frequent start-stops is
unlikely to improve that picture. Cohort C remains below TRL 8; variable head-room integration is premature.

Implications for project design

In short, the technical controls exist to ramp and curtail an advanced WEC fleet in line with variable electrolyser
capacity, but the commercial case hinges on very high head-room availability, something that appears unlikely at the
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site without further evidence. The recommended next step is a detailed, hour-by-hour wind-wave correlation to
confirm whether the 80 % utilisation threshold can realistically be met.

Priority information gaps to close next —
and why they matter

Wind-wave complementarity

Project economics hinge on how often spare electrolyser head-room (created by wind-turbine variability) coincides
with harvestable wave energy. A dedicated, hour-by-hour correlation study will show whether the > 80 % utilisation
threshold identified for Cohort A is attainable. Without this evidence the integration concept remains speculative.

Device-specific power matrices (developer input)

Site-wide averages (22 % capacity factor) are a blunt instrument; lenders will ask for energy-yield assessments
based on each technology developers power matrix tuned to the site’s sea states. Formal requests should go to
Cohort Aimmediately and to the most advanced Cohort B players once their TRL 8 prototypes are locked in. The
matrices feed directly into the wind-wave study and the strike-price model.

Scale-up schedule and logistics (critical for Cohort A)

Cohort A's business case turns on stepping from 1.75 MW to = 15.75 MW inside three years. That demands a clear
view of electrolyser installation schedules so that WEC array installation can be coordinated around this. A high-level
installation programme and Gantt chart should be developed with the developer and local marine contractors to
confirm the pace is realistic.

Road-map to readiness

All cohorts need a clear timetable for site preparation starting with the lease variation required to enable the
integrated offshore-wind-to-hydrogen project, then mapping out environmental survey windows, consenting
milestones and electrolyser installation. Milford Haven: Hydrogen Kingdom (MH:HK) has already advanced this
process by:

+ Delivering updated survey scopes, schedules and cost estimates;

+  Obtaining Discretionary Advice from Natural Resources Wales; and

* Securing pre-application planning advice from the Pembrokeshire Coast National Park Authority.

Packaging these deliverables alongside the remaining steps (e.g. lease-variation submission, baseline surveys, EIA
scoping, grid and offtake agreements) into a single, transparent roadmap will let developers align capital raises and

technology development with a visible target, crucial given that a current Cohort B prototype could be in serial
production by the time the site is construction-ready.

Measured resource & seabed data

Developers repeatedly flag the lack of in-situ instrumentation. Installing a directional wave buoy (WAVERIDER class)
and completing a geophysical seabed survey would de-risk array design. Sharing those datasets openly will shorten
FEED schedules and lower contingency in developer CAPEX estimates across all cohorts.
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Discussion

Resource and Technology Fit

The proposed development site offers a Class 2 “Feasible” wave climate with an average long-term resource of =

15.8 kW m-' and winter peaks above 500 kW m-*, primarily driven by seasonal increases in significant wave height.

These figures confirm the site can technically support commercial-scale Wave Energy Converters (WECs).

*  Wave power falls sharply in spring-summer, pulling the annual capacity factor for a mature array down to ~22
%. Any business model must therefore tolerate several months of curtailed revenue.

«  Extreme Hs values (> 10 m) and 6 m spring tides require robust mooring, storm-parking strategies, and all-
weather access plans, adding cost and schedule risk during early deployments.

Hydrogen Off-Take Economics

Coupling wave power to an offshore electrolyser offers a bankable route-to-market only when capacity is scaled
rapidly: the Levelised Cost of Energy (LCOE) for a 1.75 MW “toe-in-the-water” array is > £323 MWh-", but falls to
£179-204 MWh-" once 15.75 MW is online.
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* Astep-and-repeat pathway through nine 1.75 MW blocks must be achieved inside ~3 years for Cohort A
developers; otherwise first-stage CAPEX is stranded at high cost.

«  Preliminary wind-wave correlation suggests spare electrolyser capacity coincides with harvestable waves only

55-70 % of the time, below the > 80 % utilisation threshold required to keep the array inside a CfD-like strike-
price band.

Developer Readiness and Timing

Market engagement confirms a single “array-ready” technology developer (Cohort A) today, while most players
remain at first-of-a-kind (Cohort B) or sub-scale (Cohort C) stages. Developers highlighted two uncertainties:

1. Without a published roadmap for lease variation, surveys and consenting, firms cannot align capital-raising
cycles.

2. Lack of confirmed offtake arrangements and shared balance-of-plant scope raises lenders’ contingency
allowances and erodes headline LCOE gains.

Socio-Economic Potential

Weighted averages of available socio-economic evidence indicate every installed MW of wave energy can deliver
~£0.6 million GVA and 1.3 FTEs across the project life. An initial 1.75 MW tranche could therefore add ~£1.1 million
GVA and 2-3 long-term jobs, scaling to ~£9.5 million GVA and ~20 FTEs at 15.75 MW, in addition to any benefits
brought by the offshore wind and electrolyser elements.
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Recommendations

The nine recommended actions form a tightly sequenced pathway that moves the proposed
development site wave-to-hydrogen concept from a promising idea to a finance-grade pre-
FEED package. Rather than treating them as discrete tasks, it is useful to visualise three
logical “waves” of activity; evidence-building, execution-planning, and value-capture, each of
which tackles a specific investment barrier identified in the discussion section.

Evidence-building (Recommendations 1-3)

The challenge: the business case still hinges on unvalidated assumptions: how often wind lulls align with
harvestable waves; whether individual technology developers can outperform the site-wide 22 % capacity factor;
and when the site will be ready.

Recommendation 1 wind-wave correlation study delivers the single dataset required to determine if
variable electrolyser utilisation is economically viable for wave energy: hour-by-hour, multidecadal proof that WECs
can remain above the = 80 % utilisation threshold that keeps levelised costs inside a CfD-like strike price band.

Recommendation 2 Device-specific power matrices turns generic resource modelling into developer-
grade yield assessments, letting investors compare CorPower’s capture width against, say, a future Bombora or
Mocean design on a like-for-like basis.

Recommendation 3 site readiness roadmap removes timing risk: with a published consenting and
lease-variation calendar, Cohort A can align its serial-production ramp, and Cohort B can schedule first-of-a-kind
builds to hit the water just as the zone opens.

Outcome: within ~6-9 months the project shifts from “good idea, limited evidence” to “data-rich, diligence-ready”, unlocking
detailed FEED and commercial term-sheet negotiations.

Execution-planning (Recommendations 4-7)

The challenge: even with solid resource data, the first 1.75 MW block will fail if logistics, CAPEX phasing and revenue
support are left vague.

Recommendation 4 Integrated scale-up & logistics Gantt tests whether local supply chain and port
infrastructure can truly deliver full installation inside three years, an essential assumption behind the £179-204 /
MWh LCOE at 15.75 MW.

Recommendation 5 wave buoy & seabed survey is the low-cost insurance policy that reduces design
costs associated with uncertainty, with the potential to trim percentage points off early CAPEX estimates.
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Recommendation 6 common-infrastructure package captures economies of scale that individual
developers cannot achieve alone and provides clarity on what will be provided at the site.

Recommendation 7 Hydrogen offtake agreement / support mechanism locks in a revenue floor just
as firm CAPEX and resource numbers emerge, converting technical potential into a bankable PPA-style contract.

Outcome: The consortium behind the Milford Haven: Hydrogen Kingdom can table a credible investment case for the first
commercial block, with materially lower cost and schedule risk than today.

Value-capture (Recommendations 8-9)

The challenge: early public funding often leaks value overseas if supply chains are not mobilised in time, while
focusing exclusively on one OEM risks technological lock-in.

Recommendation 8 Lol supply-chain & skills plan prepares local fabrication, O&M and training
pathways before large purchase orders are placed, maximising the GVA/MW that stays in Pembrokeshire over the
project life.

Recommendation 9 structured re-engagement of Cohort B/C keeps the innovation pipeline primed:
once the roadmap and open-data packages are public, later-stage developers can slot into expansion phases
without repeating costly surveys or consents.

Outcome: the project evolves from a single-OEM demonstrator into a regional industrial cluster that sustains jobs and
technical leadership well beyond the first devices hitting the water.

25



Milford Haven: Hydrogen Kingdom: Exploring Hydrogen Offtake as a Driver for Wave Energy Deployment in Pembrokeshire

26

Recommendation

Commission a 30-year, hour-by-hour wind-wave correlation and
electrolyser-dispatch study

Rationale

Confirms whether > 80 % WEC utilisation is feasible; underpins strike-price and
financeability.

Priority

Immediate

Issue formal data request for device-specific power matrices & O&M
assumptions

Moves yield estimates from site-wide averages (22 % CF) to OEM-specific
assessments demanded by lenders; feeds directly into Rec. 1 modelling.

Immediate

Publish a site readiness roadmap (lease variation, EIA windows, consenting,
electrolyser install)

Gives all cohorts a transparent timetable to align capital raises and tech milestones;
avoids speculative planning.

Immediate

Develop an integrated scale-up & logistics Gantt (1.75 — = 15.75 MW) with
contractors.

Tests whether installation pace can support Cohort A's business case; de-risks first
movers' CAPEX profile.

Deploy directional wave buoy (WAVERIDER class) & complete geophysical
seabed survey

Provides bankable in-situ data, shortens FEED, lowers developer contingencies.

Agree a staged common-infrastructure package (electrolysers, umbilicals, H
export)

Shares balance-of-plant risk, captures economies of scale for early tranches

Secure hydrogen offtake agreement

Bridges initial LCOE premium; signals long-term market confidence

Formalise a local-supply-chain & skills plan (fabrication, O&M base)

Maximises regional GVA & FTE retention

O 00N GO U1 & W IN =

Re-engage Cohort B/C developers once roadmap & data packages are
published

Maintains tech diversity; prepares pipeline for later expansion
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