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The Hydrogen Offshore Production (HOP2) 
project has been allocated a total of £2.1 
million from the Scottish Government Just 
Transition Fund (JTF). The project is funded 
over 4 years and will conclude in 2026.
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Economics

The cost of electricity from floating wind will influence the 
commercial feasibility of offshore-produced hydrogen. Although 
offshore hydrogen production may not be the most economical 
option, its socio-economic benefits, potential to reduce 
decommissioning costs, and lower environmental impact could 
offset the difference between onshore and offshore production 
expenses.   

Regulatory Challenges 

A review identified that some of the current UK legislation has 
been adapted for hydrogen production, however gaps and 
uncertainty remain. Reviews of other hydrogen regulatory regimes 
in Europe and Australia demonstrate that the UK is not unique in 
having a regulatory system which has sought to retrofit hydrogen 
into existing legislation with regulatory gaps remaining.

Next Steps

Phase 2 of the HOP2 project will focus on Concept Definition, 
seeking to develop the identified concepts in further engineering 
detail, addressing some of the engineering challenges identified 
so far. This will include vendor engagement activity followed by a 
Concept Definition study with the ultimate aim of integrating the 
system design with electrolysers, optimizing the design for space, 
weight, overall system efficiencies, and maximizing synergies 
between unit operations, such as utilizing excess heat from 
electrolysis processes.

Phase 2 of the HOP2 project is ongoing, with a public report due to 
be published in Q3 2025 outlining the key findings. 

The initial concept was developed for deployment in the 
2030s in line with ambitious build out targets for the wind and 
hydrogen production sectors. The target deployment date drives 
a number of factors including asset and technology selection. 
As we approach the late 2020’s it is accepted that the 2030s is 
overly ambitious for offshore hydrogen deployment. Additional 
timeframes considering revised wind and hydrogen production 
projections will be incorporated as the project moves forward.  

Leveraging existing infrastructure for at 
scale hydrogen offshore production 

The North Sea holds a substantial share of cost-effective offshore 
wind resources, yet much of this potential is located far from the 
shoreline and existing electrical infrastructure. An opportunity 
lies in harnessing these remote wind resources by generating 
green hydrogen directly at the source of electricity whilst also 
capitalising on the opportunity of repurposing existing oil and gas 
assets.

HOP2 has demonstrated that repurposing existing assets for 
a 500 MW scale project is technically feasible. Twelve assets 
along with 3 pipelines have initially been identified as suitable for 
repurpose for a potential production start date of early 2030’s.  

Technology for a marine environment

The project found that current electrolysers stacks and balance 
of plant configurations are not optimised for marine environments 
where space constraints are more prevalent than onshore. For 
offshore hydrogen production to become a reality there is a 
need to develop technology that can withstand harsh marine 
environments taking into account technical and operational 
considerations such as equipment survivability in saliferous 
environments.

HOP2 is evaluating the potential of re-using existing Oil and Gas 
Infrastructure – namely platform substructures – to produce 
Hydrogen at scale and evaluating the merits of building an entirely 
new offshore green hydrogen facility. 

The decommissioning strategy published by the North Sea 
Transition Authority (NSTA)1 in May 2021 identifies that there 
are over 320 fixed installations, 250 subsea systems, 20,000km 
of pipelines and approximately 7,800 wells in the United 
Kingdom Continental Shelf (UKCS). Not all these assets will be 
decommissioned under the oil and gas regime, and this provides a 
huge opportunity for a portion of this infrastructure to have a life 
beyond oil and gas. 

The extent of the offshore infrastructure which could be used 
in the future for repurposing as opposed to decommissioning is 
depicted in Figure 1

In the context of HOP2, the opportunity for repurposing relates 
to installation substructure and pipelines for onward transport 
of hydrogen. Considering the scale of production HOP2 is aiming 
towards, topsides repurposing / retrofitting has been deemed not 
feasible. The concept development phase has used the basis that 
power will be provided to the asset from an offshore wind farm 
via a dedicated subsea cable(s), hydrogen will be produced by 
electrolysis before being treated and compressed for export via 
pipeline. 

Four concept options were identified through the Basis of Study 
report which were developed in more detail through concept 
development. Table 1 summarises the four options and the key 
weight and footprint limits that apply to each.

1.
Executive Summary 

2.
Repurposing Opportunity

1 North Sea Transition Authority, Decommissioning Strategy
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THE CONCEPT 
DEVELOPMENT PHASE 
HAS USED THE BASIS 
THAT POWER WILL BE 
PROVIDED TO THE ASSET 
FROM AN OFFSHORE 
WIND FARM VIA A 
DEDICATED SUBSEA 
CABLE(S), HYDROGEN 
WILL BE PRODUCED BY 
ELECTROLYSIS BEFORE 
BEING TREATED AND 
COMPRESSED FOR 
EXPORT VIA PIPELINE. 

The Hydrogen Offshore Production Project (HOP2) is an initiative designed to 
review the practicality and viability of large-scale offshore green hydrogen 
production at a capacity of 500MW. The project primarily aims to achieve this 
by strategically repurposing existing oil and gas infrastructure in the UKCS 
with a target deployment in the early 2030s. 

chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.nstauthority.co.uk/media/7538/decommissioning-strategy-may-2021.pdf
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Pipeline Repurposing Opportunity
 

A review of existing pipelines in natural gas service on the 
UKCS was conducted to examine which may have potential 
for repurposing to hydrogen transportation. Using GIS data for 
active and inactive pipelines gathered during the project Basis 
of Study activities, existing pipelines were identified on the 
basis of proximity to the proposed HOP2 production and export 
locations. 

Eight (8) existing pipelines were identified as potential re-use 
candidates, namely: FLAGS, SAGE, FRIGG, Britannia – St. Fergus, 
CATS, Fulmar, Ninian to Grutwick MOL, Forties C to Cruden Bay 
and EOS.

These pipelines were assessed against the following criteria:

The results of this assessment tended to favour Fulmar as the 
most suitable candidate for potential repurposing to hydrogen 
transportation in a HOP2 context given its earlier CoP date. 
The closest potential re-purposed asset is Culzean at ~50km. 
Further technical detail for the transport of hydrogen through 
repurposed pipelines can be found in the Transport section of 
this report. 

Option 1A Option 1AB Option 1C Option 2

Repurpose a single large 
asset

Repurpose ~ three assets 
to create a hydrogen 
production cluster

Repurpose of an asset 
complex comprising two 
or more bridge-linked 
platforms

New Build

Weight limit – 32,000t Weight limits – 24,000t, 
32,000t & 30,000t

Weight limits – 8,500t, 
20,000t & 10,500t

Weight to be determined

Footprint limit – 5,400m2 Footprint limits – 
3,400m2, 3,900m2 & 
3,400m2

Footprint limits – 850m2, 
1,560m2 & 1000m2

Footprint to be minimized 

Table 1 HOP2 options including weight and footprint limits

Production Locations

The Basis of Study identified 12 existing UKCS 
offshore assets with potential for repurposing 
to hydrogen production. In addition, three 
optimal zones were identified for the location of 
new-build offshore hydrogen production. These 
zones were based on distance from shore (with 
proximity to stranded wind resources favoured), 
metocean conditions, minimal interference to 
environmentally protected areas and proximity 
to existing infrastructure. The existing and 
new-build hydrogen production locations are 
shown in Figure 2 along with the routing of the 
proposed Hydrogen Backbone Link pipeline.

The Hydrogen Backbone Link (HBL) is a 
project being delivered by the NZTC with a 
collaboration of industrial partners that aims to 
provide a route to market for Scottish-produced 
hydrogen, transporting it to centres of demand 
such as mainland Europe and potential tie-in 
points in the UK.

Supply Chain Readiness 
to support repurposing  

A study undertaken by Vysus Group for Crown Estate Scotland 
and the Scottish Offshore Wind Energy Council (SOWEC) 
identified that the supply chain required for the repurposing of oil 
and gas infrastructure is already established and an integrated 
part of the Scottish O&G economy. 

Many Scottish ports routinely supply the offshore oil and 
gas industry and have already received decommissioned 
infrastructure removed from offshore fields, with local supply 
chains processing the material.

Located in relative proximity to North Sea oil and gas 
infrastructure the ports and supporting supply chain demonstrate 
the physical means, organisational capabilities, and experience to 
support a repurposing effort which will require a multidisciplinary 
approach to repurposing.

A multidisciplinary approach is expected to transcend engineering 
services, project management, marine operations, supply base 
logistics decommissioning and waste management.

Figure 2 Hydrogen Production Locations

Gas Service: Pipelines that currently transport natural 
gas (instead of oil) are favoured

Pipeline Diameter: Suitable for the HOP2 production rate

Pipeline Materials: Suitable for hydrogen service

Pipeline Cessation of Production (CoP): Ceasing 
hydrocarbon service prior to 2033.
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Green hydrogen is produced by 
electrolysis of water using energy from 
renewable energy sources.  Several 
electrolyser types were assessed 
under the production technology 
scope considering their levels of 
commercialisation and suitability for 
operation in an offshore environment.  

Preliminary screening of electrolysis technology for HOP2 
considered the following:

Technology Key Features
Operating 
Conditions

Feedstock 
requirements 

TRL* Suitable for HOP2*

Alkaline •	 Electrodes and separators can 
be replaced easily

•	 System efficiency ~ 60%
•	 Complex BoP resulting in large 

footprint
•	 High minimum load with limited 

turndown
•	 Stack lifetime >95,000 hours

50°C to 80°C 

Up to 30 barg 

•	 High purity water 
•	 High durability and 

tolerance to impurities 
•	 Electrolyte solution 

TRL 9 Yes – most, mature and 
proven at scale

PEM •	 System efficiency ~65%
•	 High current density
•	 Requires expensive rare earth 

catalysts
•	 Compact stack
•	 Simplified BoP 
•	 Stack lifetime 50,000 to 70,000 

hours

50°C to 80°C 

30 barg to 80 
barg

•	 High purity water 
•	 Low tolerance to 

impurities 

TRL 9 Yes – compact overall 
footprint, under 
consideration by numerous 
projects for application 
offshore at scale.

SOE •	 Relatively compact
•	 Long start up time, not suitable 

for flexible operations
•	 Most suited to steady 

operations with nearby heat 
source

•	 System efficiency ~85%

500°C to 
850°C 

Up to 25 barg 

•	 Steam 
•	 Less sensitive to 

impurities 

TRL 9 No – intensive energy 
requirements requiring an 
external heat source that 
is unavailable offshore

AEM •	 System efficiency ~60%
•	 Slow response times
•	 Low hydrogen purity
•	 30,000 hours stack lifetime

50°C to 80°C 
~35 barg 

•	 High purity water 
•	 Comparatively high 

tolerance to impurities 
•	 Low concentration 

electrolyte 

TRL 6 
to 7

No – requires durability 
improvements although 
has the potential to 
become viable for large-
scale offshore in future

Capillary-fed •	 Operates in 25 to 30% 
potassium hydroxide 
electrolyte solution

•	 Uses capillary tube to facilitate 
movement of electrolyte to 
reduce pumping requirements

•	 System efficiency ~98%

Unknown •	 High purity water 
•	 High durability and 

tolerance to impurities 
•	 Electrolyte solution 

TRL 4 
to 5

No – once scaled has the 
potential to be considered 
for offshore application. 
Current difficulties when 
pairing with a renewable 
power source.

E-TAC •	 No membrane – aim of less 
maintenance and reduced 
CAPEX and OPEX

•	 System efficiency ~95%

50°C to 80°C 

45 to 100 barg 

•	 High purity water TRL 4 
to 5

No- technology at too early 
a readiness level.

DSW •	 By-products require storage 
and export facilities

•	 Developed specifically for 
offshore environment

•	 Challenges in hydrogen and 
oxygen separation due to 
membrane free process

Unknown •	 Seawater TRL 4 
to 5

No – with accelerated 
deployment has potential 
to be viable for large 
scale offshore hydrogen 
production.

MFE •	 No requirement for previous 
group metals

•	 High efficiency (exact number 
unknown)

•	 Less water treatment 
requirements

Unknown 

Cryogenic 
separation 

•	 Low purity water 

•	 Electrolyte solution 

TRL 6 No – current early 
stage of development 
is unsuitable for HOP2 
however Technology 
shows potential for future 
offshore application.

*This refers to suitability based on 2023/2024 TRL levels (for onshore use) and predicted commercialisation by early 2030’s. 

Table 2 Electrolysis Technology Review

Concept Identification and Screening 

Electrolysis technologies including Alkaline, Proton Exchange 
Membrane (PEM), Solid Oxide Electrolysis (SOE), Anion Exchange 
Membrane (AEM), Capillary-fed, Electrochemical-Thermally 
Activated Chemical (E-TAC), Direct Seawater (DSW) and 
Membrane Free Electrolysis (MFE) were reviewed at this stage. 

Preliminary screening of these electrolysis technologies 
considered both the maturity of technology for deployment 
offshore at the required scale by the targeted start-up date of 
early 2030’s, along with the feedstock and energy requirements 
of the technology. Table 2 summarises the initial review.
Based on the analysis undertaken, alkaline and PEM electrolysis 
were selected for further analysis.  

It is recognised that other electrolysis technology concepts may 
have the potential to provide a more optimal solution for offshore 
applications in the longer term, however their present stage of 
development or scale of their application currently makes them 
unsuitable for deployment at the capacity required by early 
2030’s.

The review of all green hydrogen production technologies 
against offshore requirements concluded that there are key 
characteristics which make the technology attractive for offshore 
application at large scale, namely:

Compact Footprint Lightweight Large stack (or equivalent) size 
to minimise duplication of unit 
operations

High efficiency

High pressure and high 
purity hydrogen product 
stream

Ease of installation Low water treatment 
requirement

Low electrolyser 
degradation rates

Low cooling requirement Flexible to intermittent and 
variable power supply

Optimised for remote 
operation and maintenance (to 
reduce crewing requirement)

No by-products 
requiring offloading 
and transportation

HOP2 - Phase 1 Concept Development  |  9

1.   Maturity of the technology to allow full plant design 
      for construction and deployment offshore at the 
      required scale (500MW to 1GW) by ~2030.

2.   The feedstock and energy requirements of the 
       technology to be suitable for the remote offshore 
       location.

3.
Production Technology Assessment
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Concept Definition and Selection 

This stage defined electrolysis balance of plant concepts for 
alkaline and PEM electrolysis, establishing the main equipment 
items and configuration of the process via block flow diagrams 
for each technology. 

Green hydrogen production facilities typically consist of, but are 
not limited to, the following main process equipment items:

Electrolyser stacks are made up of cells. The reaction to produce 
hydrogen takes place within each cell. Cells consist of individual 
components which vary depending on the electrolyser type. 
Stacks consist of multiple cells in series which, when combined, 

provide the full stack capacity. Large electrolysis facilities 
which require multiple stacks to achieve the required output are 
typically arranged in ‘modules’ or ‘trains’, with stacks typically 
arranged horizontally. Figure 3 provides an overview of this 
arrangement.

Currently commercially available Alkaline and PEM stack sizes 
are somewhat limited. This necessitates a significant quantity of 
stacks and modules to be installed for large plant capacities. The 
largest available stack sizes for both PEM and Alkaline electrolysis 
produce around 1100 to 1200 Nm3/h of hydrogen, which is the 
equivalent to a 5MW stack running at around 67% efficiency 
(LHV basis). More commonly in current developments stacks of 
approximately ~1MW capacity are used with maximum module 
sizes ranging between 10 and 20MW.

Figure 4 and Figure 5 present typical Facility Block Flow Diagrams 
for Alkaline and PEM Systems.
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Figure 4 Typical Alkaline Electrolysis Facility Block Flow Diagram

Figure 5 Typical PEM Electrolysis Facility Block Flow DiagramFigure 3 Schematic View of Typical Electrolysis Stack and Module Configuration
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1.	 Feed Water Treatment

2.	Electrolyser Stack(s)

3.	Hydrogen / Oxygen Separation Equipment 

4.	Hydrogen / Water Separation Equipment

5.	Oxygen / Water Separation Equipment
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A comparative assessment of alkaline and PEM electrolysis was 
undertaken using a multi-criteria decision analysis tool against 
study drivers of: Footprint & Weight, OPEX, Operability, CAPEX 
and Technical Robustness, with each driver being allocated a 
weighting based on the perceived relative importance of the 
driver.  

The pairwise comparison results (shown in Figure 6) favoured 
PEM electrolysis over Alkaline electrolysis for an offshore 
application primarily due to the stack volume and weight of a 
PEM electrolyser being approximately one third that of an alkaline 
electrolyser. PEM was also judged to provide some operability 
benefits over alkaline, with more flexibility to handle variable 
wind resources and the resulting power supply. Therefore, PEM 
technology was selected for Further Technical Definition.

It should be noted that PEM technology varies by vendor, and 
there are challenges and opportunities related to the various PEM 
technology options available.

Alkaline Electrolysis

55.0%

18.8%

6.3% 15.0% 10.0% 7.5% 6.3%

10.0% 6.3%15.0% 5.0%

45.0%

PEM Electrolysis

Footprint and weight OPEX Operability CAPEX Technical Robustness Total

Figure 6 Concept Selection Pairwise Comparison Results

PEM Further Technical Definition 

Additional technical work was undertaken to provide further 
definition to the selected PEM electrolysis technology, to establish 
the footprint and weight of the electrolyser package and more 
detail on the associated key BoP unit operations.   

Pressurised PEM Systems

Pressurised PEM is the most widely adopted PEM operating 
concept. Pressurised PEM normally operates between 30 to 
40 barg. As the electrolyser stacks operate at pressure, the 
equipment must be designed to contain that pressure. This results 
in higher equipment weights when compared with low pressure 
PEM systems due to increased design requirements e.g. increased 
metal wall thicknesses.

Pressurised operation provides sufficient pressure to overcome 
losses in downstream gas treatment equipment. Additionally, 
the power consumption and equipment required for export 
compression may be reduced accordingly. Plug Power provided 
data on pressurised PEM electrolysis to support phase 1 of the 
project.

 

Low Pressure PEM System 

Low pressure PEM systems operate just above atmospheric 
pressure. Therefore, the equipment has a low design pressure 
which results in reduced equipment weights. 

As the hydrogen leaving the electrolyser is just above 
atmospheric pressure (~100mbarg), there is insufficient pressure 
to overcome losses in downstream gas treatment. Therefore, 
there is a requirement to increase the hydrogen pressure by 
compression – by adding another compressor unit operation 
prior to gas treatment to the BoP. Additionally, the number of 
compression stages required for export may increase.

Siemens Energy provided data on low pressure PEM electrolysis 
to support the project. Siemens has indicated that low pressure 
operation improves stack lifetime as there is limited pressure 
cycling as the system starts up, ramps up and ramps down.

Following consideration of the challenges and opportunities 
of both pressurised and low-pressure PEM, pressurised PEM 
was selected as the preferred electrolysis technology for the 
purposes of the study. This was primarily due to the less onerous 
downstream compression requirements for this technology and 
availability of vendor design data for this type of technology at 
the time of the study.

Balance of Plant Technology Selection

For Seawater Treatment, thermal-based water treatment (thermal 
desalination) was selected as the preferred technology. While 
there are potential challenges related to plant start-up for this 
type of water treatment technology, it allows the opportunity 
to utilise a significant portion of the waste heat produced by 
PEM electrolysis, with the resulting heat integration improving 
overall plant efficiency. Also, the technology has less onerous 
maintenance requirements when compared with membrane-
based water treatment systems. 

For Process Cooling, Indirect Seawater Cooling was selected 
to provide cooling duty to the electrolyser stacks over the 
alternative options of Direct Seawater Cooling and Air Cooling for 
the following reasons: 

For Hydrogen Purification, a de-oxygenation reactor-based 
system was selected for the purposes of Concept Development, 
as this can achieve a high target hydrogen purity of 99.999 mol% 
and detailed vendor design data was available for this type of 
system at the time of the study. 

For Hydrogen Compression, Reciprocating Compressors were 
selected over centrifugal compressors, as these are commonly 
recommended for hydrogen applications and may provide more 
operational flexibility in handling variable wind resources and the 
resulting irregular hydrogen export flowrate. 

It should be noted that the equipment technology selections 
are considered preliminary for the Concept Development phase, 
particularly for some of the Balance of Plant unit operations 
where multiple different technologies were not rigorously 
compared.

PEM WAS SELECTED AS THE PREFERRED 
ELECTROLYSIS TECHNOLOGY

Direct Seawater Cooling systems will expose the process 
heat exchangers to fouling and the corrosive nature of 
seawater, thereby requiring more onerous maintenance 
interventions and use of corrosive resistant Materials of 
Construction. 

Air Cooling systems may require a larger footprint and 
equipment size when compared to water cooling due to low 
approach temperature and low specific heat capacity of air. 
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4.
Transport and Storage

The Hydrogen Transport and Storage scope had the following 
main objectives: 

Hydrogen Markets  

Hydrogen utilisation is most effective in hard-to-abate sectors 
where electrification is unlikely. Sectors such as high-grade heat, 
aviation and shipping are likely to rely on hydrogen between 
2035-2050, whereas sectors such as commercial heating, 
ammonia and refining could become large areas of hydrogen 
demand in the shorter term2.

The UK Government estimates the annual hydrogen demand to 
be between 80-140TWh in 20353. Assuming hydrogen demand 
is 80TWh, a 500MW platform could supply 2.5% of the 80TWh 
annual demand. 

The hydrogen produced by the proposed HOP2 offshore hydrogen 
production facilities will likely be transported by a dedicated 
pipeline to an existing UK gas terminal (such as St Fergus) for 
onward transportation to major industrial hubs.

Hydrogen produced from HOP2 could be utilised by Energy Hubs 
(UK) and Hydrogen Hubs (Scotland). The Scottish Government has 
outlined 13 Hydrogen Hub locations which will integrate the entire 
hydrogen value chain, including distribution and end-use. 

European hydrogen demand by 2030 is currently projected for 
20 million tonnes of renewable and low-carbon hydrogen4 with 
50% obtained from domestic European supply and the remaining 
50% from imported hydrogen. It is expected that Scotland can 
play a key role in providing for Europe’s hydrogen demand due to 
the expectation that Scottish production will exceed domestic 
demand. 

Export locations

Key UK and European terminals for HOP2 hydrogen export have 
been identified. For the purposes of this study, the following four 
primary export locations were considered to be most appropriate 
for export of hydrogen from the HOP2 facilities:

1.	 St Fergus
2.	Sullom Voe
3.	Flotta
4.	Tie-in to HBL (Hydrogen could be exported directly by the HBL as 

the proposed routing is in close proximity to many of the assets 
or optimal zones identified for HOP2)  

Transport

Both ship and pipeline export options were considered for HOP2. 
Ship based options for transportation include compressed 
hydrogen gas, liquefied hydrogen, ammonia and LOHC (Liquid 
Organic Hydrogen Carrier). However, due to the significant 
complexity and cost entailed for ship-based options and the 
additional plant required to convert hydrogen into a suitable form, 
it is concluded that pipeline is a more appropriate transport option 
for HOP2.

Existing pipelines were considered for re-purposing to hydrogen 
transportation. Existing pipelines were identified using GIS based 
on proximity to proposed HOP2 production and export locations 
and assessed against the following:

•	 Gas Service: Pipelines that currently transport natural gas 
(instead of oil) are favoured

•	 Pipeline Diameter: Suitable for the HOP2 production rate
•	 Pipeline Materials: Suitable for hydrogen service
•	 Pipeline Cessation of Production (CoP): Ceasing hydrocarbon 

service prior to 2033

Additionally, the option to construct a new-build pipeline was 
considered. A new dedicated pipeline to shore is considered to be 
cost prohibitive as part of a dedicated production facility; a tie in 
to a dedicated hydrogen pipeline network is favoured. In this case, 
the base case taken forward is a new build pipeline between the 
HOP2 offshore production facilities to tie in with the proposed HBL.

A summary of the export pipeline options considered suitable for 
HOP2 is shown in the table 3.

2  Scottish Government, Scottish Offshore Wind to Green Hydrogen Opportunity Assessment
3  Department for Business and Trade, Sectors, Hydrogen
4  European Commission, EU’s Energy System, Hydrogen 5  European Hydrogen Backbone, Five hydrogen supply corridors for Europe in 2030
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Regional Supply and Demand,
2030 and 2040
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26

216

102

727
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30 37

179
113

2040

2030

127
81

255
171

2040

Figure 7 European Supply 
and Demand Profiles in 
2030 and 20405

Pipeline Re-purpose/new build HOP2 Potential

Hydrogen backbone 
link 

New build Highly likely to be used for HOP2. Pipeline designed for hydrogen 
production. Potential for a new build pipeline to tie in with the hydrogen 
backbone link.

Fulmar Re-purpose Considered most feasible for re-purposing - Due to pipeline CoP. May be 
useful for hydrogen service from New-build Asset Central Zone or the 
re-purposed Culzean Platforms. Further investigation would be required to 
confirm suitability of material grade.

SAGE Re-purpose Potentially feasible – Further investigation required into material grade 
compatibility and CoP date of connected assets which currently export 
gas via this route.

Table 3 Potential pipeline options
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•	 Review of potential national and international hydrogen 
markets.

•	 Review of offshore hydrogen production locations and 
associated export locations.

•	 Review of hydrogen transportation technologies and 
selection of a suitable transportation method in a HOP2 
context.

•	 Assessment of the requirement for hydrogen storage as 
part of an integrated production and export system, and 
review of potential storage options in a HOP2 context.

https://www.gov.scot/publications/scottish-offshore-wind-green-hydrogen-opportunity-assessment/
https://www.great.gov.uk/international/investment/sectors/hydrogen/#:~:text=The%20deal%20commits%20the%20oil,140%20terawatt%2Dhours%20in%202035.
https://energy.ec.europa.eu/topics/energy-systems-integration/hydrogen_en
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/ehb.eu/files/downloads/EHB-Supply-corridors-presentation-ExecSum.pdf
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Figure 8 SAGE Pipeline System6

Figure 9 Fulmar Gas Line Infographic7

6  SAGE Pipeline System
7  Shell, FUMLAR Gas Line 

Storage 

The ability to flexibly store hydrogen is a key benefit of its 
integration within energy systems. Hydrogen can be stored as 
a compressed gas or as a cryogenic liquid at -253°C. A review 
of physical-based hydrogen storage technologies and their 
properties was conducted, with the following main storage 
technologies identified:

•	 Liquefied Hydrogen: Cryogenic storage tank, Hydrilyte.
•	 Compressed Hydrogen Gas: Pressure vessel, subsea storage 

tanks, pipeline line packing, salt caverns, depleted oil & gas 
reservoirs, aquifers.

Out of these, geological storage such as salt caverns, depleted 
oil and gas reservoirs and aquifers and pipeline line packing were 
considered the most suitable for HOP2. 

For the purposes of HOP2, hydrogen storage may be required for 
the following reasons:

•	 Capacity buffering may be required to provide operational 
continuity to the pipeline export system by managing the 
temporal mismatch between hydrogen supply and demand or 
where downstream end-use is reduced / interrupted, capacity 
buffering could ensure an uninterrupted steady-state supply 
to downstream end-users or it could avoid unnecessary 
curtailment of hydrogen production.

•	 There may be major inter-seasonal variances in both the supply 
and demand of hydrogen e.g. during prolonged periods of low 
wind which will affect hydrogen production, and – depending on 
the downstream end-users – prolonged periods of low demand. 
Therefore, large scale storage is likely to be useful in balancing 
longer term variations in supply and demand to allow either 
continuous production or continuous demand.

Capacity Buffering – Pipeline Storage 

Capacity buffering provides short-term, small-scale storage 
within the pipeline export system to ensure steady-state supply to 
downstream end-users in the case of reduced/interrupted supply 
or demand. A common capacity buffering method is pipeline 
linepacking for natural gas pipelines. When there is high demand 
or low supply, the pipeline is “unpacked”, reducing the volume of 
gas within the pipeline. Whilst this storage method isn’t as useful 
for hydrogen due to the low density of hydrogen gas, it may still 
provide small-scale capacity buffering. Using the Fulmar pipeline 
as an analogue showed that around 2-3 days of HOP2 hydrogen 
production capacity could be accumulated in the pipeline.

The suitability of linepack was reviewed using the Fulmar pipeline 
as an analogue for a large diameter piping system to shore 
from a potential hydrogen production location. The linepack 
capacity of a pressurised hydrogen pipeline was calculated for 
full depressurisation. This showed that in the region of 2-3 days 
HOP2 production capacity could be accumulated in the pipeline 
depending on the storage pressure utilised.

Interseasonal Storage – 
Geological Solutions 

Geological (or sub-surface) storage could provide long-term 
inter-seasonal storage for HOP2 with salt caverns and depleted 
reservoirs already well-established for natural gas storage. The 
locations of existing and proposed salt cavern and depleted 
reservoir storage projects in the UK were reviewed in a HOP2 
context, with a number identified that may be of potential interest.

Salt caverns are a well-established technology for gas storage; 
however, only a small number of salt caverns store hydrogen 
globally and they are typically small scale.

Depleted oil and gas reservoirs are widely used for storing natural 
gas and have potential for hydrogen storage; it is estimated there 
is between 2660-3450TWh of hydrogen capacity within the 
 UKCS8.

Aquifer storage involves injecting hydrogen into geological 
aquifers (an underground body of water within permeable rock 
- typically a water-bearing portion of an oil and gas reservoir).  
Although salt caverns, depleted oil and gas reservoirs and 
aquifers are deemed to be feasible for hydrogen storage, they 
are yet to be proven on a commercial scale. A summary of the 
applicable storage opportunities in a HOP2 context are provided 
in Table 4.

8  Mapping geological hydrogen storage capacity and regional heating demands: An applied UK case study
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https://www.offshore-mag.com/pipelines/article/14280713/north-sea-gas-pipeline-system-enters-fourth-decade-of-service
https://www.exxonmobil.co.uk/-/media/UnitedKingdom/Files/SEGAL/SEAGAL-FLAGS.pdf.
https://www.sciencedirect.com/science/article/abs/pii/S030626192031730X?via%3Dihub
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Project 
Name

Participants Location Technology Scale
Date 
Online

HOP2 
Platform 
Region 
Suitability

Aldbrough 
Hydrogen 
Storage 
(Humber)

Equinor, SSE 
Thermal

Aldbrough Repurposed 
& new salt 
caverns

At least 320 
GWh

2028 South Zone

Rough Gas 
Storage Field

Centrica

(NZTC, Edinburgh 
Uni)

Rough field 
(Easington 
Terminal)

Depleted gas 
field

10 TWh in 
total, to be 
developed in 
phases of 3 
TWh

2045 South Zone

Hydrogen: 
Pipeline 
Transport to 
Subsurface 
Storage in 
Depleted 
Oil and Gas 
Reservoirs and 
Aquifers

University 
of Aberdeen 
(NZTC/Fairfield 
Energy/BatiGea/ 
Hydrenor/
Statera Energy)

Northern 
North Sea

Depleted oil and 
gas reservoirs

2.2TWh 
(Merlin 
example)

Early-stage 
research

North Zone/
Central Zone

Earl’s Seat 
Anticline (Fife)

SGN

(NZTC, Edinburgh 
Uni)

Fife Repurposed 
aquifer

Up to 
300GWh

Pilot 2024 Central Zone

Atwick gas 
storage

N/A Atwick, 
East 
Yorkshire

Existing 
underground 
salt caverns

325Mcm 
natural gas

N/A South Zone

Table 4 HOP2 Relevant Storage Options

Figure 10 Hydrogen Production Simplified PFD

The detailed transport and storage solutions for HOP2 should be 
developed further after a specific production site is selected. 

The overall process design for the hydrogen production facility 
was based on a simplified PFD of the packages and equipment 
required, Figure 10. 

5.
Topsides Layout & Design
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Layout and Safety Philosophy  

In the layout of offshore hydrogen production facilities, a 
fundamental requirement is adhering to established plant layout 
principles such as safety and operability. Designing layouts for 
a repurposed facility, however, presents a unique challenge 
requiring a tailored approach that blends hazard evaluation and 
risk management into the design process. 

The principle of the design and operation of such a facility shall be 
to minimise risks to As Low As reasonably practicable (ALARP) by 
reducing the attendance and intervention requirements as far as 
reasonably practicable.  

Given the relative complexity of the plant, it is likely that the 
manning strategy for the initial operating phase shall be 
permanently crewed. The plant shall be designed such that 
remote operation will be possible, but operating experience must 
be gained to enable the transition towards NUI status. 
A major challenge for centralized hydrogen production is the 
limited space available, particularly on repurposed platforms, 
which will require an optimised topsides layout and/or further 
advancement in electrolyser technology for bulk hydrogen 
production. 

However, a major advantage of centrally production hydrogen is 
the ability to apply system level management strategy options 
and economies of scale that will significantly drive down the 
cost elements (centralised sea water lift system, centralised 
desalination and water purification, centralised electrolysis, 
centralised cooling water systems) and improve the efficiency 
of the system – particularly when large scale production is 
considered.

A further guiding principle of design and operation of such a 
facility shall be to consider how technology is advancing and how 
the facility could be operated in future. Examples of this are:

•	 Consideration of where automation can be applied, such as:
•	 Maintenance carried out by robotics, and the associated 

design / layout of the topsides equipment such that robotics 
can be employed

•	 Remote operation
•	 High diagnostic coverage of critical equipment
•	 Automatic switchover of duty and standby equipment
•	 Automatic trip recovery.

•	 Advancing equipment and system reliability performance, rather 
than accepting that historical performance is the maximum 
achievable. The targets set for equipment vendors should be 
aspirational whilst realistic. The onus will be on the equipment 
suppliers / vendors to prove a high level of equipment reliability 
which can meet the performance targets set.

•	 Early identification of potential obsolescence issues and an 
obsolescence management plan.

The equipment arrangement considered factors including 
prevailing wind direction, the need for rectifiers close to and 
aligned with the electrolysers, and a primary maintenance 
pathway for the 10MVA transformers. This layout has resulted in 
a central low-hazard zone (shown in green on Figure 12), flanked 
by high-hazard zones to the east and west (shown in red). With 
prevailing winds from the south and grated high-hazard zones, 
hydrogen accumulation is prevented.

The layout design is consistent across levels 2 and 3, except 
for level 3, where the process zone (encompassing gas 
treatment, compression, and metering) is situated on the east, 
complemented by an array of electrolysers to the west. 

Living quarters (LQ) are strategically located upwind from the 
hydrogen production facilities, mounted atop the steelwork of 
Level 2. This positioning is intended to leverage hydrogen’s lighter-
than-air characteristic by minimizing elevation. The roof level 
of the accommodation is aligned with Level 4, with the Helideck 
detailed 5m above the roof level of the accommodation.

For enhanced safety and operational efficiency, the hydrogen 
flare is purposefully placed at the north-east corner of the 
platform, optimising heat radiation dissipation with prevailing 
winds. Correspondingly, the flare drum and pigging area are 
located on Level 1’s northeast corner, directly below the flare. The 
pigging facilities are extended on a cantilever structure towards 
the north, with future development required to determine pipe 
routings and local access ways.

The oxygen vent is positioned at the northwest corner, ensuring a 
safe distance from both the flare and helicopter operations areas, 
thereby adhering to safety protocols and operational efficiency.

The development of layout plans hinges on an essential 
assumption: the placement of caissons, import cables, and 
risers must be external to the GBS. The present condition of the 
caissons at NCP remains unclear, but it is reasonable to suspect 
that they might be deteriorated and unsuitable for reuse. Installing 
new caissons outside of the GBS presents a significant challenge, 
necessitating the addition of fenders for ship collision protection. 
The probability of divers working near the Jarlin wall penetrations 
is low for safety reasons. Additionally, the prospect of situating 
caissons inside the Jarlin wall is limited, unless a modular 
structure can be installed close to the existing steel conductor 
guide frame and secured from a distance. 

Evaluating the integrity of these conductor guide frames is vital 
for the intended lifespan of the hydrogen production platform, 
especially considering existing integrity concerns. There exists a 
potential to repurpose the existing J-tubes for the import cable, 
but this would require a thorough assessment of their integrity 
and a verification that their internal diameter is compatible with 
the import cable diameter. This option presents a clear advantage 
due to its pre-existing substructure. The perceived capacity of 
the GBS only just meets the estimated weight for supporting a 
500MW hydrogen production platform (31,841t). 

Topsides Weight Development 

Topsides volumetric norms have been adopted as a base to 
estimate the weight of each of the structures. For the purposes of 
this study, these values have been used as guidance and updated 
accordingly to account for the major hydrogen equipment 
components within each of the topside layouts.

Due to some difference between equipment used in the 
production of Hydrogen and that of offshore O&G production 
and processing, a review has been undertaken to establish 
more representative norms for certain zones of the proposed 
installations where some O&G norms could be considered not 
applicable. 

Topsides Layout & Design 

The topsides layout and design study took each of these 
concepts and created layouts for each. 

Option 1A

Option 1A focused on repurposing the Ninian Central Platform 
(NCP) Gravity Based Structure (GBS) to support a single topside.

Figure 11 Option 1A Images

Figure 12 Option 1A- Low & high hazard zones

Option 1B

The concept of utilizing a cluster of platforms for hydrogen 
production with the main process packages on one platform 
and electrolysers on another, was examined. When examining 
this option, the decision was taken to not pursue this option. This 
decision is grounded in considerations related to safety, process 
efficiency, and cost implications. The complexities and risks 
associated with redundant equipment, accommodation safety, 
limited access, and structural considerations outweigh potential 
benefits. Option 1B is not aligned with the safety best practices 
and operational efficiency required for offshore hydrogen 
production platforms.
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Option 1C

Option 1C utilised an asset complex of bridge-linked platforms, 
such as the Culzean bridge-linked platforms, showing feasibility 
but requiring detailed planning and safety considerations. 

The living quarters (LQ) are situated on the western platform due 
to the prevailing winds from the west direction.

The water treatment facility is located on the ULQ for several 
reasons:

The hydrogen flare is strategically positioned on the HP-A, 
ensuring it is distanced from both the LQ and the helideck for 
safety. The oxygen vent is placed on the HP-B, which keeps it 
separated from both the hydrogen flare and the helideck, adhering 
to safety protocols.

Option 2

Option 2 was conceptualized following the development of 
Options 1A and 1C, incorporating insights gained from these earlier 
options to form a hybrid solution.  

To achieve an optimal layout, the development process 
began from the topside downwards, which then  informed 
the determination of the jacket leg centres. In Option 1A, the 
positioning of 11 electrolysers arrays per level on the elevations 
was primarily influenced by the GBS support centres, resulting in 
a partially completed top deck level. However, it seems that the 
ideal arrangement is to have 8 electrolyser arrays per level on the 
elevation, totalling 14 on level 1 (2 arrays removed to account for 
the flare and pigging requirements, 16 on levels 2 and 3, and the 
remaining 4 on the top level.

The access and maintenance space around the electrolysers and 
the 10MVA transformers was a key factor in defining the grid line 
centres in both directions.

The layout of HP-B includes a freefall lifeboat, addressing the 
safety concern that personnel could become stranded on HP-B in 
the event of an emergency occurring on HP-A. This precaution is 
implemented as a proactive measure to ensure safety and quick 
evacuation if needed. In future studies it may be determined that 
the evacuation demand rate only results in liferafts being required.

The platform cranes are strategically positioned at the centre of 
the south elevation on both HP-A and HP-B. This central location 
allows them to efficiently service the laydown areas on both the 
east and west elevations of the platforms. The crane on the ULQ 
platform has been specifically placed to facilitate the installation 
and maintenance needs of the service water pump.

A deck height separation of 7 meters has been assumed, as the 
integration of a mezzanine level (similar to that in Option 1A) was 
not anticipated. Theoretically, within this 7-meter deck-to-deck 
spacing, there is a 2.5-meter zone allocated for piping and HVAC 
systems above the electrolysers, considering a structural depth 
of 1 meter.

The incorporation of a mezzanine level, initially developed in 
Option 1A, has been readopted. An 11-meter zone has been 
designated, which is believed to provide ample space for HVAC 
systems, controls and protection, switchgear, battery rooms, and 
UPS.

The gas treatment, compression module and metering are located 
on Level 4, with free ventilation and good craneage cover for 
maintenance. 

For the ULQ platform, the layout from Option 1C ULQ has been 
adopted, with the only modification being the orientation shift to 
account for the prevailing wind direction from the south instead 
of the west for this specific asset.

The import cable is designed to be routed upwards through the 
topsides from a J-tube located internal of the new jacket. Access 
hatches will be used for the initial installation of the cable, which 
will later serve as the penetration detail.

It is concluded that the dry weight of each platform for option 2 
are:

•	 Option 2 ULQ – 4,300t
•	 Option 2 HP – 30,200t
•	 Option 2 Bridge ULQ to HP – 600t.

Option 2, Figure  is a new build therefore, jacket weights were 
developed to give an understanding of the total infrastructure 
weight for the development. For the purposes of this study, the 
jackets were assumed to stand in 88m water depth and have 
an air gap of 28m to the underside of the topsides. This gave a 
total jacket length of 116m. Based on the philosophy presented 
in section 9 the following weights are calculated for the jackets 
assuming barge or crane installation in the North Sea.

•	 Option 2 ULQ Jacket – 15,000t
•	 Option 2 HP jacket – 16,500t.

Figure 13 Rendered 3D image of Option 1C.

Figure 15 Rendered image of Option 2

Figure 14 Option 2 Layout

•	 It leverages the jacket’s capacity, as minimal other 
facilities are anticipated on the ULQ.

•	 The existing caisson on the HP-A imposes significant 
constraints on equipment layout, necessitating this 
placement.

•	 This arrangement allows for maximizing the 
hydrogen production equipment on the HP-A.
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A high level economic assessment was completed for the HOP2 
scenarios identified in the Basis of Study and developed further 
through Phase 1. The economic assessment determined the 
following:

•	 The levelised cost of hydrogen (LCOH) for an offshore hydrogen 
production facility is dominated (approximately 50%) by the 
cost of electricity, followed by CAPEX and DEVEX (35%). This 
differs to onshore hydrogen production where the cost of 
electricity accounts for around 70% of the LCOH. 

•	 The analysis undertaken found there are gains to be made from 
CAPEX reduction through re-use (up to 15%) and the economies 
of scale through the development of larger production facilities.

•	 A combined increase in electrolyser efficiency with a material 
reduction in electricity has the potential to make the most 
significant impact on reducing LCOH for HOP2. However, the 
cost of electricity overshadows any potential benefit from both 
re-use CAPEX savings and the economies of scale.

The costs for offshore hydrogen production are higher than those 
associated with onshore production, which is to be expected 
given the additional complexity of offshore execution. It will be 
essential to compare whole project lifecycle costs for onshore 
and offshore production including the contribution to LCOH from 
transport and storage and decommissioning costs. 

With the above in mind, offshore hydrogen production is most 
likely to be unlocked by non-economic factors including onshore 
water scarcity, competing onshore land priorities and onshore 
electricity grid constraints. 

UK International commitments, national legislation and policies 
aim to address climate change through a number of measures; 
hydrogen as an energy vector being just one of these. 

There is regulatory uncertainty around the full chain consenting 
pathway for offshore hydrogen production and transportation 
projects.

The North Sea Transition Authority (NSTA) regulates the oil, gas, 
and carbon storage industries. In 2023, its authority expanded 
to include offshore hydrogen pipelines under the Petroleum Act 
1998. 

However, current legislation does not explicitly address offshore 
hydrogen production. It is assumed that consenting for hydrogen 
production facilities would fall under the oil and gas regime 
overseen by the Offshore Petroleum Regulator of Environment 
and Decommissioning (OPRED), with guidance needed on 
Environmental Statements. The regulatory authority for power 
cables linking offshore wind farms to hydrogen production 
facilities remains unclear.

A review of the regulatory and consenting regimes for the 
proposed HOP2 options, encompassing environmental and health 
and safety regulations, was undertaken by Xodus. 

6.
Economic Assessment 

7.
Regulatory Landscape 

It also offers an opportunity to co-locate renewable and 
hydrogen production plants which would be challenging onshore. 
Co-locating hydrogen offshore would lower the burden that 
electrolysers would place on the grid and sidestep any potential 
demand for conventional power generation. The right co-location 
and storage setup could also use offshore hydrogen as a means 
of energy storage and offer the grid stability during periods of 
intermittent Renewables power generation. 

In addition to the non-economic benefits described above, 
offshore hydrogen production has the potential to deliver 
significant supply chain benefits including:    

•	 Transferability of the offshore upstream and midstream oil 
and gas workforce including the Inspection, Maintenance, and 
Repair workforce

•	 Potential demand for additional direct and indirect jobs, 
beyond what can be transferred from existing offshore energy 
industries

•	 Positive environmental impacts of scenarios that reuse existing 
platforms

•	 Alignment with global offshore hydrogen offshore 
developments providing an opportunity for exporting skills and 
knowledge

Environmental Regulatory Assessment 

A consultation was undertaken by the Department of Energy 
Security and Net Zero (DESNZ) in 2023 on the proposed changes 
to regulation to enable the construction and operation of offshore 
hydrogen pipelines and licensing of offshore hydrogen storage, 
with these proposals being transposed into law on the 27th of 
September 2023. These changes apply only to hydrogen storage 
and transport and do not include offshore hydrogen production. 
It is assumed that further consultation will be held relating to the 
offshore hydrogen production regulatory regime. Uncertainty 
exists as to the regulatory authority for power cables directly 
linking offshore wind farms with hydrogen production facilities.

The key environmental regulatory bodies applicable to HOP2 
are The North Sea Transition Authority (NSTA), Offshore 
Petroleum Regulator of Environment and Decommissioning 
(OPRED), Offshore Petroleum Regulator of Environment and 
Decommissioning (MD-LOT) and The Crown Estate Scotland (CES).

Table 5 identifies main existing environmental regulations 
applicable to HOP2 and identifies the implications for each 
concept option.   
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Table 5 Existing environmental regulations applicable to HOP2

Regulatory requirement
Re-purposed 
fixed

New fixed
New 
centralised 
floating

Hydrogen 
pipeline

Electrification 
cable

Energy Act 2008

A new licence for the establishment 
or maintenance of an installation

If any 
existing 

licences do not 
apply

 

2020 Offshore EIA Regulations

Requirement for a screening 
direction   

MCAA 2009

Application for a marine licence     

The Marine Works (EIA) Regulations 
2007 (as amended)

Potential to conduct a statory EIA 

The Habitats Regulations

Provision of information for an HRA     

Gas Act 1986

Application for a Generation, 
Transmission and/or Distribution 
licence

 If any 
existing 

licences do not 
apply

 

Energy Act 2008, Part 4A

Application for a Consent to Locate 
(Ctl)   

Petroleum Act 1998

Application for a PWA 

Petroleum Act 1998

Application for a Deposit of Material 
Consent (DepCon) 

Continental Shelf Act 1964

Application for a seabed lease 

OCR 2002 (as amended)

Application for the use and 
discharge of chemicals    

Regulatory Gaps 

The review identified several regulatory gaps relating to 
environmental consenting of offshore hydrogen facilities in the 
UKCS. Some of the key regulatory gaps are described below. 

Hydrogen Production

The current Energy Act 2008 and Petroleum Act 1998 does not 
specifically cover offshore hydrogen production. It has been 
identified that, as offshore hydrogen production is likely to be 
co-located with offshore electricity generation, offshore hydrogen 
production legislation will need to extend across several different 
regulatory regimes.

The Energy Act 2008 does not contain any thresholds on 
operational storage capacity. Consequently, the presence of 
hydrogen within a production system might be considered 
storage. It is recommended that the NSTA be engaged to identify if 
a storage license would be required.

Under the 2020 Offshore EIA Regulations, Schedule 1 thresholds 
exist for the extraction of oil and natural gas as well as the 
storage of oil. However, no thresholds exist for the storage or 
distribution of hydrogen. As such hydrogen projects, unless 
requiring a pipeline with a diameter of more than 800 mm and 
length of more than 40 km, fall under a Schedule 2, require a 
screening direction.

Hydrogen Pipelines

While the government has announced a strategic position to 
support up to 20% blending of hydrogen, by volume, into UK gas 
distribution networks, a safety assessment still needs to be 
carried out and regulations around the mixing of hydrogen with 
other gases for transportation updated. In addition, consenting 
requirements for repurposing existing subsea gas lines for 
hydrogen is unclear.  

Electrification

It’s unclear which regulations apply to consenting the installation, 
operation & maintenance and decommissioning of a power cable 
from an offshore wind farm to an offshore hydrogen production 
facility. Electric power and communication cables between 
the wind farm and the hydrogen facility may fall under a PWA 
application consented by the NSTA or a Marine License consented 
by MD-LOT.

Vent Consent

Under the Energy Act 2016 and Petroleum Act 1998 all new 
developments should be planned and developed based on zero 
routine and minimum safety venting. Under the regulations, 
venting consents apply to all natural gas and hydrocarbon gas 
as defined in the Petroleum Act 1998. Controlled venting during 
green hydrogen production is seen as a requirement for both 
operational demands and emergency scenarios9. How the current 
venting legislation applies to hydrogen production is unclear.

Re-use of Existing Infrastructure

While the re-use of selected oil and gas infrastructure is 
considered a suitable alternative to decommissioning, pilot 
processes are still ongoing and the transfer process for existing 
permits and consents to new owners or new production 
operations is unclear10. In addition, the decommissioning regime 
which currently applies to offshore oil and gas infrastructure 
means that if the current owner is not capable of meeting their 
decommissioning obligations, the SoS can call upon previous 
owners and operators to decommission the infrastructure. This 
uncertainty and the risk of additional decommissioning costs 
may provide a disincentive to transfer these assets and as a 
result the assets may be decommissioned rather than sold for 
re-use. However, under the latest updates to section 2(4) of the 
Energy Act 2008, the NSTA is now a consultee of OPRED on the 
repurposing of existing infrastructure.

9  Gov UK, Guidance, Hydrogen production by electrolysis of water
10  North Sea Transition Authority, Repurposing Guidance

https://www.gov.uk/guidance/hydrogen-production-by-electrolysis-of-water-emerging-techniques#emissions-to-air
https://www.nstauthority.co.uk/regulatory-information/decommissioning/repurposing/#:~:text=Repurposing%20offers%20opportunity%20for%20oil%20and%20gas%20infrastr
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Safety Regulatory Assessment 

The UK has a set of world-leading offshore safety regulations.  
As an offshore hydrogen facility would meet the definition of an 
installation in The Management and Administration Regulations 
(MAR), there are few, if any, safety regulatory gaps relating to the 
offshore production, storage and transport of Hydrogen. 

The primary set of Major Accident Hazard regulations for the 
UK offshore industry are the Offshore Safety Case Regulations 
(OSCR), which are supported by: 

•	 The Management and Administration Regulations (MAR)
•	 The Offshore Installations and Wells (Design and Construction, 

etc.) Regulations (DCR)
•	 The Offshore Installations (Prevention of Fire and Explosion, and 

Emergency Response) Regulations (PFEER)
•	 The Pipeline Safety Regulations (PSR).

It is the view that due to definition of an installation in The 
Offshore Installations and Pipeline Works MAR 1995, the OSCR 
2015, and the PFEER Regulations 1995 are applicable to an 
offshore hydrogen production facility. In addition, the Pipelines 
Safety Regulations 1996 are fully applicable as hydrogen meets 
the definition of a dangerous fluid within these regulations. As 
such there are no significant gaps in UK safety regulations and 
Xodus were not aware of any moves by the regulator to push 
for safety regulatory updates for offshore hydrogen production. 
However, there is a strong argument for simplification through 
the development of specific and proportionate regulations for the 
future offshore hydrogen industry.

As all the offshore hydrogen production facility options meet 
the definition of an ‘installation’ in MAR, then the suite of major 
Accident Hazard regulations above applies to all options. 
Therefore, the following main requirements apply to all HOP2 
options:

•	 The facility will require a defined Safety Zone
•	 The facility requires an approved Safety Case
•	 The Duty Holder is required to prepare a Corporate Major 

Accident Prevention Policy (CMAPP)
•	 It is necessary to identify Safety and Environmental-Critical 

Elements (SECEs)
•	 It will be necessary to appoint an Independent Verification Body 

(IVB) and
•	 It will be necessary to undertake an escape and evacuation 

assessment and meet the requirements of PFEER.

11  Australian Government, State of Hydrogen

European / International Regulations

A review of the regulatory regime for hydrogen as it relates to 
environmental consenting in countries in the European Union, the 
European Economic Area (EEA) and Australia was undertaken 
seeking to identify any country-specific approaches or lessons 
learned beneficial to the UK. The review highlighted that the UK 
is not unique in having a regulatory system which has sought to 
retrofit hydrogen into existing legislation with regulatory gaps 
remaining.

Europe 

The approaches taken by those EU countries which have the 
greatest number of hydrogen projects are detailed in Table 6. 

Australia 

Australia is seen as one of the leading nations in terms of low 
carbon hydrogen development with over 100 projects currently 
proposed, approved or operational representing 40% of all global 
hydrogen projects announced to date11. Australian hydrogen 
projects are being developed for use both domestically with 
agriculture and mining sectors as well as for potential export to 
highly industrialised countries such as Japan, South Korea and 
Singapore to assist in their decarbonisation commitments under 
the Paris Agreement.

Australia is setting itself up to become an international 
powerhouse for low carbon hydrogen and as a result has 
undertaken a full review of its regulations to ensure that it 
provides a consistent streamlined route to production for 
hydrogen projects. While there are still changes needed, the focus 
on creating a nationwide consistent, fit for purpose regulation 
is helping to remove barriers to allow them to achieve their 
ambitions. 

There is no equivalent specific MAH regulation for the Australian 
offshore oil & gas industry. Australia has signalled an intention to 
develop streamlined and transparent hydrogen specific safety 
regulation for large-scale hydrogen production but there is not 
currently any indication of the form that this will take for offshore 
hydrogen production. 

Country Approach to Hydrogen consenting points of note Reference

Denmark In 2021 the Danish government committed to a 360-degree review of Denmark’s legislation in relation 
to hydrogen. Hydrogen was added to the Gas Supply Act in January 2023, i.e., hydrogen and methane 
(natural gas) are covered by the same legislation.

In January 2024, approval was granted to H2 Energy Europe for a 1 GW green hydrogen production 
facility. 

Approvals require involvement of multiple agencies.

Danish Ministry of 
Climate, Energy, 
and Utilities (2021)

France Considered to have one of the most developed hydrogen legal frameworks in Europe.

Green hydrogen project development is currently regulated by Ordinance No. 2021-167 of 17 February 
2021. The regulations contain three categories of hydrogen and the corresponding applicable 
regulations (renewable, low-carbon and carbonaceous), as well as the associated guarantees of 
traceability (Articles L811-1 et seq. of the Energy Code). 

General provisions on the development and construction of renewable energy apply.

ICLG (2023);

Netherlands 
Enterprise Agency 
(2021)

Germany Update to National Hydrogen  Strategy (NHS 2023) was adopted by the Federal Government in July 
2023.

Regulatory sandbox allows companies to test new technologies and business models without being 
subject to normal regulatory requirements. An online portal has been proposed as a ‘one stop shop’ for 
applying for planning permission, environmental permits, etc. - also directing applicants to appropriate 
local authority sites. 

Energinet (2022);

Danish Energy 
Agency (2023)

Itlay In line with the Italian Recovery Plan and the Hydrogen Guidelines, measures are proposed to simplify 
the authorisation procedure for the construction of hydrogen production plants. 

Linklaters (2024)

Netherlands Current hydrogen production in the Netherlands typically uses fossil fuel as an energy source. A 2022 
roadmap committed the Dutch central government to providing certainty on infrastructure, storage, 
capacity, safety policy, regulation and renewable hydrogen certification by no later then 2025.

NWP (2022)

Norway The Norwegian energy market is regulated by the Act relating to the generation, conversion, 
transmission, trading, distribution, and use of energy etc. (the “Energy Act”).

The production, storage, and transport of hydrogen does not fall under Energy Act.

Norwegian Ministry 
of Petroleum & 
Energy; Ministry 
of Climate & 
Environment 
(2020)

Portugal In 2022, the Portuguese Government approved a series of exceptional measures for the simplification 
of administrative proceedings regarding the production of renewable energy, including hydrogen. In 
2023 the production of hydrogen from renewable sources and water electrolysis was exempted from 
environmental licensing and environmental impact assessment.

Linklaters (2024)

Reuters (2022)

Spain The Renewable Hydrogen Roadmap was published in July 2020. This involves non-monetary regulatory 
simplifications that address environmental barriers or approval processes, for example for on-site 
renewable hydrogen production. Hydrogen regulation occurs via multiple regulations. 

ICLG (2023)

Sweden In March 2023 the Swedish government assigned the Swedish Energy Agency to coordinate work on 
hydrogen regulation. Existing environmental regulation does not specifically cover production, storage 
or distribution of hydrogen.

RIFS (2023);

EU, Sweden (2023)

Table 6 EU Approach to Hydrogen Consenting

chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.dcceew.gov.au/sites/default/files/documents/state-of-hydrogen-2022.pdf
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Figure 16: Concept Definition Study - Topsides Scope Overview

Phase 1 Conclusions

The following conclusions can be drawn from the Phase 1 activity:

8.
Conclusions & Next Steps
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Phase 2 of the HOP2 project is ongoing, 
with a public report due to be published 
in Q3 2025 outlining the key findings. 

Regulatory Landscape
There is regulatory uncertainty around the 
full chain consenting pathway for offshore 
hydrogen production and transportation 
projects within the UK. To date, the primary 
regulatory developments have been as 
updates to existing frameworks which 
is consistent with the approach other 
countries have taken for the build out of 
the hydrogen economy. 

Layout 
A more robust balance of plant 
assessment is required for offshore 
hydrogen production than onshore, 
where space limitations are not 
so critical. Layout and operational 
philosophies must take a safety 
first approach. 

Economics 
Offshore hydrogen production costs 
are greater than onshore production 
costs. Offshore hydrogen production 
is likely to be unlocked by non-
economic factors such as onshore 
land limitations and access to grid 
infrastructure.

Phase 2

Phase 2 of the HOP2 project will focus on Concept Definition, 
seeking to develop the identified concepts in further engineering 
detail.

The Concept Definition phase comprises a Vendor Engagement 
activity followed by a Concept Definition study with the ultimate 
aim of integrating the system design with electrolysers, 
optimizing the design for space, weight, overall system 
efficiencies, and maximizing synergies between unit operations, 
such as utilizing excess heat from electrolysis processes. The 
scope of work is broken down into four primary packages:

•	 Balance of Plant / Balance of Stack Supplier
•	 Engineering Contractor 
•	 PEM Stake Manufacturer
•	 Electrical Systems Designer 

With each scope being responsible for developing the design of 
offshore hydrogen production as shown in Figure 16.

Transport and Storage
Several geological storage assets 
exist across the UK for hydrogen 
storage including salt caverns and 
depleted reservoirs. Line packing 
and subsea hydrogen storage still 
present development opportunities. 

Technology Assessment
For developments in the short term, 
PEM has been identified as the 
most promising offshore production 
technology owing to its relative 
response flexibility for intermittent 
renewables. Emerging technologies 
such as direct seawater should be 
considered for opportunities further 
into the future. 

Repurposing
Asset repurposing extends to the 
jacket and substructure only, a full new 
topsides will be required in all cases. 
Repurposing of pipelines that have 
previously been in a gaseous service 
are preferred over oil / liquid service. 
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