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Nuclear Enabled Hydrogen can make low carbon hydrogen more cheaply 

• 

• 

• 

• 

Solid Oxide Electrolysis unlocks greater efficiencies, and pairs well with nuclear 

• 

• 

• 

 

1 Low carbon hydrogen in the UK is defined by Low Carbon Hydrogen Standard, which sets a maximum threshold for greenhouse gas (GHG) 
emissions associated with hydrogen production (must have GHG of 20gCO2e/MJ LHV or less) 
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Hydrogen production and storage would best be sited outside the nuclear site licence area 

• 

• 

• 

• 

Updates to the nuclear safety case will be required, but they can be achieved 

• 

• 

• 

• 

• 

• 

Adequate security can be achieved if it is considered as part of the design 

• 

• 

• 

Nuclear plant modifications are required, but would not delay a hydrogen project’s end date  

• 

• 

• 
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• 

Higher upfront costs are required, but this is outweighed by higher revenues 

• 

• 

• 

This handbook provides an accelerated start for future NEH projects 

• 

• 

• 

• 

 Image representing the concept of hydrogen production integration with a nuclear power station. 

mailto:rdoperations@edfenergy.com
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Figure 1 Nuclear Enabled Hydrogen Handbook content.
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2 Nuclear Power Plants Gearing Up for Clean Hydrogen Production | Department of Energy 
3 Bruce Power supports study exploring potential to produce hydrogen through nuclear - Bruce Power 
4 Japan Eyes World First Hydrogen Production Using Nuclear Reactor 
5 Korea's first demonstration of hydrogen production using nuclear power 'start' < Nuclear < Energy < Article Text - Electric News 
6 Fortum to pilot hydrogen production in Loviisa | Fortum 

https://www.energy.gov/ne/articles/3-nuclear-power-plants-gearing-clean-hydrogen-production
https://www.brucepower.com/2023/10/12/bruce-power-supports-study-exploring-potential-to-produce-hydrogen-through-nuclear/
https://fuelcellsworks.com/2025/04/21/green-technology/japan-eyes-world-first-producing-hydrogen-using-heat-from-reactor
https://www.electimes.com/news/articleView.html?idxno=300335
https://www.fortum.com/media/2024/05/fortum-pilot-hydrogen-production-loviisa
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8 Thermodynamics glossary – Adiabatic Flame Temperature, University of Princeton 

Figure 2 Graphic of world map with locations of NEH projects marked. Projects where SOEC technology is planned or used have a glow effect to 
highlight. 

https://www.princeton.edu/~humcomp/sophlab/ther_37.htm#:~:text=If%20no%20heat%20is%20lost,the%20%22Adiabatic%20Flame%20Temperature.%22&text=2%2C328%20K%20or%202055%20C,2%2C400%20K%20or%202127%20C.
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Figure 4 Hydrogen supply by technology in 2050, Future Energy Scenarios11. 

 

9 UK Hydrogen Strategy 
10 Future Energy Scenarios – ESO Pathways to Net Zero, July 2024.  
11 Holistic Transition (HT): net zero achieved mainly through a mix of electrification and hydrogen; Electric Engagement (EE): net zero met by 
electrified demand + active consumers using smart technologies; Hydrogen Evolution (HE): Robust hydrogen economy, with hydrogen playing 
major role in industry and heat, lower consumer engagement. High hydrogen in HGVs; Counterfactual (CT): net zero missed with continued 
reliance on fossil fuels 

Figure 3 Hydrogen Evolution scenario - energy supply and demand in 2050, Future Energy Scenarios. Total energy supply: 1292 TWh.

https://assets.publishing.service.gov.uk/media/64c7e8bad8b1a70011b05e38/UK-Hydrogen-Strategy_web.pdf
https://www.neso.energy/document/321041/download
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• 

• 

• 

• 

• 

• 

• 

• 

Figure 5 Benefits of hydrogen production integrated with nuclear power.
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Figure 6 Energy required to produce 1kg of hydrogen via PEM and SOEC technology under different input conditions (electrical and thermal). 
Indicative numbers based on average performance. 
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• 

• 

• 

 

 

12 International Energy Agency, ETP Clean Energy Technology Guide – Data Tools - IEA  

https://www.iea.org/data-and-statistics/data-tools/etp-clean-energy-technology-guide?layout=trl&selectedTechID=35021c4a
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Figure 7 Potential design strategy to reduce risk from NEH Facility to reactor and nuclear island. 

Nuclear Plant 

Heat Exchanger 
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Nuclear Site Fence 

Steam Pipeline 

Hydrogen Production Facility 

Hydrogen Storage 

• 

• 

• 

• 

Batch Transport and Gas Pipeline 

End Users 
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Figure 32 SUPPORTING FIGURES

 

 

 

13 The Levelised Cost of Hydrogen (LCOH) produced via SOEC has been calculated and compared to other electrolytic methods during the 
feasibility study of the Bay Hydrogen Hub project. It has been concluded that at scale, in 2030s hydrogen cost produced via SOEC could be lower 
or at a similar level to PEM and alkaline electrolysers. This is further supported in the literature, e.g. Comparative optimization study of three 
novel integrated hydrogen production systems with SOEC, PEM, and alkaline electrolyser. Nejadian et al.(2023) 
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Figure 8 Block Flow Diagram of the proposed Nuclear Enabled Hydrogen facility concept.
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• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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Plant Faults 

Internal Hazards (Hazards that originate within the Reactor Site Boundary) 

External Hazards (Hazards that originate outside the Reactor Site Boundary) 

14

 
Table 1 Potential tap-off steam conditions for different reactor types in the UK (LPT: Low Pressure Turbine, IPT: Intermediate Pressure Turbine, 
HPT: High Pressure Turbine). 

 

14 A 'tap-off' point refers to the point at which the steam for the hydrogen facility will be taken for the nuclear steam heat exchanger. At the time 
of writing, a design has not been established and therefore potential options for ‘tap-off’ points have been presented throughout the report. 
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• 

• 

• 

• 

• 
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• 

 

15 Superheat refers here to superheated steam – steam that is at a temperature higher than its saturation temperature. 
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Nuclear Power Plant Steam Supply and Return Loop Control Philosophy  

Figure 9 Heat exchanger arrangement. HX – heat exchanger. T – temperature, P - pressure. 

(Primary HX) 

Nuclear Steam 

Heat Exchanger 

(Secondary HX) 

SOEC External Heat 

Steam Boiler 

T1, P1 T3, P3 

T2, P2 T4, P4 

Nuclear Site Boundary 

1-5 barg (120 - 160oC) 
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Intermediate Heating Loop Control Philosophy 

Operation and Control of the Electrolyser and the Supporting Systems 

• 

• 

• 

• 

• 

• 

• 

• 
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Figure 10 Concept - Example of Electrical Line Diagram for a 24MW hydrogen plant 
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Figure 11 Concept - Layout with minimum distances based on 24MW hydrogen plant for a 12.5mm bore release 
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• 

• 

Table 2 Key process parameters (24MW SOEC). 

 

 

16 The initial explosion assessment has analysed the consequences of a bounding leak that is ignited and explodes, it has not analysed 
catastrophic failure of equipment that could generate missiles following an explosion. The designer of the NEH facility will need to conduct a 
detailed explosion assessment that fully considers all credible initiating events, their frequency, and their consequences to understand the impact 
on the NEH Facility and Nuclear Safety. 
17 The COMAH regulations will require the NEH facility to assess the volume of hydrogen and any other chemicals stored on site to comply with 
the requirements for its own facility. The NEH facility developer will then be required to work with the competent authority and the Nuclear Site 
Licence holder to confirm the consequences of failure on both sites. This will include consideration of domino effects due to the proximity and 
inventories of dangerous substances on both sites. 
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18 Fugitive emissions - defined as the unintentional and undesirable emissions, leakage, or discharge of gases or vapours from pressure-
containing equipment or facilities, and from components inside an industrial plant such as valves, piping flanges, pumps, storage tanks, 
compressors, etc. 

Figure 12 Relationship between process pressures and standoff distances for horizontal 12.55mm leaks, with a 0.138bar damage threshold. 
Note: it is necessary to use the log scale on the x-axis, for pressures from 1 bar through 500 bar.
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• 

• 

• 

• 

• 

 

Safety and Emergency Systems 

• 

• 

• 

• 

• 

• 

Pressure and Temperature Management 

• 

• 

 

19 Flaring is used to manage excess hydrogen that cannot be stored or exported during start-up, shutdown, and maintenance processes. It serves 
as a safety measure to prevent hydrogen from venting directly into the atmosphere. 
20 HAZOP is only one of the hazard identification and management techniques that should be used. The developer of a hydrogen production 
facility will need to consider which of the different hazard identification techniques it will use to make their safety case. See section 6 and 
References 4 & 6 for further detail.  
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• 

• 

• 

• 

• 

 

Monitoring and Control Systems 

• 

• 

• 

Product Quality and Contamination Prevention 

• 

• 

• 

 

Maintenance and Inspection 

• 

• 

• 

• 
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Definition of a Nuclear Safety Case 
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The Purpose and Scope of the Safety Case 

• 

• 

• 

• 

• 

Overview of Safety Case Strategy 

• 

• 

• 
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• 

• 

• 

• 

• 

• 

• 

• 

• 
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• 

• 

• 

• 

• 

Determination of Risks and their Management 

• 

• 

• 

• 

• 

• 

• 

• 
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Demonstration that Risks Have Been Reduced ALARP 

• 

• 

• 

• 

• 

• 

• 
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• 

• 

Safety Case Management 

• 

• 

• 

• 

• 
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Faults and Hazards Schedule 

Table 3 Possible faults and hazards.  
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• 

• 

• 

 

• 

 

• 

 

• 

• 

 

 

21. Licence condition handbook, Office for Nuclear Reaction (February 2017). 

https://www.onr.org.uk/media/gixbe2br/licence-condition-handbook.pdf
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• 

 

  

Figure 13 ONR permission process (ONR guidance 
ONR/PER/PROC/001). 
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Table 4 Key regulatory bodies in the UK to be considered for a NEH project. 
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Proposed regulatory engagement strategy 

 

 

• 

• 



 

 

50 

 

  



 

 

51 

 

 

• 

• 



 

 

52 

 

NEH Project as an Integral Element of a New Nuclear Development

• 

• 

• 

• 

NEH Project as a Stand-Alone application  

 

22. Overarching National Policy Statement for Energy (EN-1), DESNZ (November 2023) 
23. National Policy Statement for nuclear power generation (EN-6), DESNZ (July 2011) 
24 https://www.gov.uk/government/consultations/draft-national-policy-statement-for-nuclear-energy-generation-en-7 
25. Assessment of reactors, Office for Nuclear Reaction (2022-2023) 
26. National Infrastructure Planning, The Planning inspectorate, 2014 edition (last version, January 2020) 

https://assets.publishing.service.gov.uk/media/65bbfbdc709fe1000f637052/overarching-nps-for-energy-en1.pdf
https://www.gov.uk/government/publications/national-policy-statement-for-nuclear-power-generation-en-6
https://www.onr.org.uk/generic-design-assessment/assessment-of-reactors/
https://infrastructure.planninginspectorate.gov.uk/application-process/the-process/
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27 The Infrastructure Planning (Environmental Impact Assessment) Regulations 2017 – Paragraph 2, legislation.gov.uk 
28 The Town and Country Planning (Environmental Impact Assessment) Regulations 2017- Schedule 2, legislation.gov.uk 

 

https://www.legislation.gov.uk/uksi/2017/572/schedule/1/paragraph/2
https://www.legislation.gov.uk/uksi/2017/571/schedule/2
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Figure 14 Diagram illustrating key contractual relationships for a Nuclear Enabled Hydrogen project. 
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Table 5 Estimated costs of a 24MW Nuclear Enabled Hydrogen facility connected to a nuclear power. 

Table 6 An example of a NEH project delivery schedule. 
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33 SUPPORTING FIGURES
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Figure 15 An example of a nuclear plant integrated with a solid oxide electrolyser – 
modelled structure. (High (HP), Intermediate (IP) and Low (LP) Pressure; f- (front 

inlet), b- (back inlet)). 
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•  

•  

•  

•  

 

 

29 Note: The scenarios have been chosen so both high temperature and low temperature steam is modelled, other reactor designs can be used. 
30. 2023, Nordpool prices. 
31. AFRY predicted prices. 
32. Hydrogen Production Business Model / Net Zero Hydrogen Fund: HAR1 successful projects, DESNZ (December 2023). 
33. Hydrogen for a net zero GB: an integrated energy market perspective , Aurora Energy Research (June 24, 2020). 

https://www.nordpoolgroup.com/en/message-center-container/newsroom/exchange-message-list/2024/q1/nord-pool-reports-robust-trading-figures-for-2023/
https://afry.com/en/service/energy-market-analysis-and-forecasting
https://www.gov.uk/government/publications/hydrogen-production-business-model-net-zero-hydrogen-fund-shortlisted-projects/hydrogen-production-business-model-net-zero-hydrogen-fund-har1-successful-projects
https://auroraer.com/insight/hydrogen-for-a-net-zero-gb/#:~:text=New%20independent%20report%20from%20Aurora,UK's%20ambitious%20Net%20Zero%20targets
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34 Typically, in ON state, PEM electrolyser uses higher electric energy to produce hydrogen compared to SOEC due to its low efficiency. However, 
in the modelling, the stand-by mode is equivalent to OFF-mode since there is no need to heat the inlet air and water streams. This mode 
effectively gave PEM electrolyser the possibility to shut down, especially during long periods of negative day-ahead prices and when it was not 
valuable to produce hydrogen compared to the SOEC unit. 

Figure 16 The sensitivity analysis for each scenario - response of the system to the different Day-Ahead electricity and hydrogen prices.
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Table 7 Off-takers hydrogen requirements details. 

𝑖 𝜆𝑖
𝑛 𝜆𝑃 𝑃𝐻2

𝑃𝑎𝑢𝑥 𝑚𝐻2,𝑖

𝑖 𝑚𝐻2

λi =
∑ λPn ⋅ ( PH2  +  Paux ) ⋅

mH2,i

mH2

∑ mH2,in

Table 8 Modelled cost of power supplied to electrolyser to produce hydrogen for each off-taker. 

 

35 Next Generation Hydrogen Station Composite Data Products: Retail Stations – Summer 2022: Data Through Quarter 2 of 2022, Saur et al. 
2023. https://www.nrel.gov/docs/fy23osti/86247.pdf  

 

https://www.nrel.gov/docs/fy23osti/86247.pdf
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Figure 17 Charts showing modelled operation of commercial hydrogen plant to meet off-taker demand over a sample 2-
week period.
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Scenario 1: Various off-takers 

Table 9 Assumptions for the LCOH calculations. 

 

36 A value for contingencies has been calculated as part of Reference 14 (NEH 24MWe Design Study, by assessing percentages for each cost item. 
These contingencies are intended to cover design changes, performance issues, changes in market conditions, project delays, etc. The level of 
contingency to assume varies dependent on an organisations policies, judgement, and risk tolerance. Therefore, the value has not been included 
within the costs in Chapter 10 and instead an uncertainty level for the estimates was provided. However, to ensure a robust commercial analysis, 
a level of contingency has been assumed based on the Design Study’s recommendations. The upper range of the uncertainty values has not been 
used, as it would result in an unduly pessimistic commercial assessment.   
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Scenario 2: one off-taker for the 24MW facility.  

 

 

 

 

Figure 18 Levelised cost of hydrogen based on the concept of meeting a variety of off-takers' demand: cement, asphalt, transport, nuclear plant 
(hydrogen as a cooling agent), hydrogen peaking plant.
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Figure 19 Levelised cost of hydrogen for an asphalt production plant (including all the equipment needed to satisfy the requirements of this off-
taker). 

 



 

 

68 

 

 

Table 10 Three approaches for scaling up considered in this chapter. 
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Table 11 Pros, cons and recommendation for the 3 scenarios of a NEH facility scale-up. 
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Strategic Deployment Scenarios for NEH in Global Markets   

Opportunities for Co-Location with Nuclear Plants  
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Strategic Partnerships, Cross Sector Collaboration, and Regulatory Development 

Long-Term Technological and Financial Considerations 

Supply Chain Scalability and Workforce Development  

Market Evolution and Hydrogen Demand Growth Scenarios 
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Hartlepool 

• 

• 

• 

Figure 21 Map showing the area surrounding Hartlepool.

Figure 20 EDF Nuclear Power Stations.
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EDF Land and Location 

• 

• 

• 

• 

Hydrogen Off-take Opportunities 

• 

• 

• 

• 

• 

 

 

37 Hartlepool Heat Hub BEIS Phase A Pre-FEED Report HHH report. 

Figure 22 Map showing potential land for Hartlepool Heat Hub.
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Other opportunities 

 

  

Figure 23 Concept for a Nuclear Heat Hub. 
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Figure 24 Thermodynamics of water dissociation.
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Figure 25 Illustration of a 24MW Nuclear Enabled Hydrogen plant concept. 

Note: Any parameters noted on this drawing are based on general information 
and might not be the case at the point of delivery. The correct parameters for 
NEH Plant will be calculated through detail design processes. 
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Figure 26 Nodes considered in HAZOP study. 



 

 

93 

 

 

Figure 27 A single week of hydrogen off-take demand rates in kg/h. 

 

 

 

 

Figure 28 Day-ahead wholesale electricity prices for modelled 2023 & 2024 scenarios. 
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Figure 29 Charts showing in 10£/MWh bins histogram of total hydrogen production with off-taker components against power prices (a & b), 
cumulative distribution of hydrogen production per off-taker weighted by hydrogen volume against power prices (c & d), and electrolyser 

utilisation (e & f). 
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Figure 30 (a & b): Charts showing operation of electrolyser, off-taker supply & storage processes over 2 weeks based on the day-ahead prices for 
2024: a) in February showing low spreads & high prices, b) in August with higher spreads. 
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Figure 31 histogram charts of dump off-take availability against power prices (a & b) and power cost (c & d) for 2023 & 2024 price year results. 
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Figure 32 BHH Project - Commercial Scale Plant Concept 24MW. 
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Figure 33 An example of a NEH project schedule. 
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Table 12: Off-taker demand profiles and criteria. 

 

 

Table 13: Storage requirements for each off-taker. 
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Table 14 Other considerations for NEH facility scale up. 
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38 M. Gardiner, Energy requirements for hydrogen gas compression and liquifaction as related to vehicle storage needs, DOE Hydorgen and Fuel 
Cells Program Record #9013: US DOE, 2009. 



 

 

105 

 

 

• 

• 

• 

• 

• 

• 

• 

Figure 34 Scaling-up from a single cell to a MW range and beyond. 
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Figure 35 Industries and research institutes involved in the development of SOEC (Excluding Asia to ease the reporting and understanding). 
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• 

• 

Key Features 
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▪ 
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• 
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• 

 

Figure 36 FuelCell Energy's solid oxide annular cell design. 

Technology Verification Status 

 



 

 

108 

 

 

 

Figure 38 FCE's commercial stack in production test 
stand. 

 

Figure 37 FCE's 150 kg/day SOEC system prototype. 
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HAZID/ HAZOP 

• 

• 
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Vendor Packages 

• 

• 

• 



 

 

110 

 

CDM 

• 

• 

• 

Control of Major Accident Hazards 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Safety Functions and Layers of Protection 

• 

• 

• 

o 
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o 
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• 

o 
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DSEAR and Prevention of Ignition 
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▪ 
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Figure 39 Options with and without intermediate loop conditions. 

 

Safety Design Basis 
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Cost 

 

Figure 40 Comparison of heating system cost vs distance from a NPS. 

Environmental review 
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Extreme weather conditions review  
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Overarching Strategy and Principles Submission 
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Stage Submission 1: System Design and ALARP Justification 

Stage Submission 2: Construction 

Stage Submission 3: Commissioning 

Stage Submission 4: Operation 
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Final Report 

HAZOP STUDY 1 Bay Hydrogen Hub:  

NODE 1 Inputs and outputs of the electrolyser 

Table 15 HAZOP study: Inputs and outputs of the electrolyser, Node 1. 
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NODE 2 Compression and intermediate storage 

Table 16 HAZOP study: Compression and intermediate storage, Node 2. 
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NODE 3 Hydrogen export trailers 

Table 17 HAZOP study: Hydrogen export trailers, Node 3. 

 

HAZOP STUDY 2 – Hydrogen Hub Project 

 
Figure 41 Overview of the nodes considered in the HAZOP study. 
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NODE 1 Steam side of Nuclear Steam Heat Exchanger 

Table 18 HAZOP study: Steam side of nuclear steam heat exchanger, Node 1. 

NODE 2 Intermediate loop between the Nuclear Steam Heat Exchanger and External Heat Steam boiler 

Table 19 HAZOP study: Intermediate loop, Node 2. 
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NODE 3 Feed to the electrolyser 

Table 20 HAZOP study: Feed to the electrolyser, Node 3. 
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Primary Powers 

Derived Powers 
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Licence Instruments 

Licence Conditions That Control Introduction Of New Plant 

Licence Condition 19 - Construction or installation of new plant. 
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Licence Condition 20 - Modification to design of plant under construction. 

Licence Condition 21 – Commissioning. 

Licence Condition 22 - Modification or experiment on existing plant. 

Strategy To Control Site Licence Compliance 
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Overarching Strategy and Principles Submission 

Stage Submission 1: System Design and ALARP Justification 

Stage Submission 2: Construction 

Stage Submission 3: Commissioning 
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Stage Submission 4: Long Term Operation 

Final Report 
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Permitting Process 

 

ONR 
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EA 

• 

• 



 

 

129 

 

• 

• 

• 

• 

 

HSE 

• 

• 

• 

• 

• 

• 

• 

• 

LPA 
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Methodologies and principles 

ALARP 

• 
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Claims, Arguments, Evidence  
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