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Definitions 

The following table outlines commonly referred to definitions used throughout this report. 

Aberdeen tri-modal hydrogen refuelling report definitions 

Acronym Definition 

BCGA British Compressed Gas Association 

Back-to-Back Refuelling Continuous refuelling from the same dispenser 

BEV Battery Electric Vehicle 

CAPEX Capital Expenditure 
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Acronym Definition 

CCUS Carbon Capture Utilisation and Storage 

DME Dimethyl Ether 

DNO Distribution Network Operator 

EFNBO renewable fuels of non-biological origin 

ETZ Energy Transition Zone 

FCEV Fuel Cell Electric Vehicle 

HDV Heavy Duty Vehicles 

HPBM Hydrogen Production Business Model 

HRS Hydrogen Refuelling Station 

HVO Hydrotreated Vegetable Oil 

JV Joint Venture 

LDP Local Development Plan 

LFL Low Flammability Limit 

LOHC Liquid Organic Hydrogen Carrier 

MAPP Major Incident Prevention Policy 

NFPA  National Fire Protection Association 

NPF4 Fourth National Planning Framework 

NZHF Net Zero Hydrogen Fund 

O&M Operation and Maintenance  

OPEX Operational Expenditure 

PEM Proton Exchange Membrane 

PPA Power Purchase Agreement 

PRV Pressure Relief Valve 

RSSB Rail Safety Standard Board 
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Acronym Definition 

RTFO Renewable Transport Fuel Obligation 

SCADA Supervisory Control and Data Acquisition 

SME Small and Medium Enterprises 

SMS Safety Management System 

SPV Special Purpose Vehicle 

SSEN Scottish and Southern Electricity Networks 

SSSI Sites of special scientific interest 

TECA The Event Complex Aberdeen 

ZEVI Zero Emission Vessels and Infrastructure 
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Executive summary 

Aberdeen City Council, working in partnership with Aberdeenshire Council and the regional transport 
partnership Nestrans, commissioned ARUP to explore the development of a scalable Standardised Hydrogen 
Refuelling Station design which could be deployed region-wide to facilitate the expansion of the use of 
Hydrogen for transport purposes.  The work also considered the future possibilities of tri-modal Hydrogen 
fuelling opportunities (road vehicles, rail and maritime).   

This study has been funded from the Strategic Transport Appraisal element of the Aberdeen City Region 
Deal and Aberdeen City Council. 

Context 

For Scotland to reach its 2045 Net Zero targets, alternative forms of zero carbon fuels and technologies need 
to be deployed sector wide. Green hydrogen is seen as one of the most viable zero carbon emission fuels 
with potential to decarbonise industry, power generation and transport: heavy road vehicles, marine vessels, 
aviation, and rail.  The Northeast Scotland region recognises Hydrogen as a key opportunity in the energy 
transition to net-zero.  

Aberdeen City Council has developed strategies and action plans to become a world class hydrogen 
economy. The Council has initiated various projects to raise demand for hydrogen in the region with a focus 
on using hydrogen to decarbonise their own fleet of vehicles and developing refuelling infrastructure to 
support it.  Aberdeen City Council. It has also worked with key fleet operators in the region to deploy 
hydrogen vehicles utilising the developed refuelling infrastructure. Aberdeen is keen to cement its leadership 
in the deployment of hydrogen technologies for transport by developing a standardised and scalable 
hydrogen refuelling station (HRS) concept design that can be used and replicated across Aberdeen and 
Aberdeenshire to expand the hydrogen refuelling infrastructure.  Aberdeenshire Council have also deployed 
Hydrogen fleet solutions, actively participated in a number of research and development projects, and keen 
to harness the opportunities arising from the region’s hydrogen focus.  This ambition is shared within 
Nestrans’ regional transport strategy. 

The purpose of this study is to inform Aberdeen City Council, Aberdeenshire Council and Nestrans of a 
standardised hydrogen refuelling station concept design which can be replicated across Aberdeen, 
Aberdeenshire, and other council regions.   

It will also allow the feasibility of tri-modal refuelling concept to be explored, including the opportunities 
and challenges anticipated.   

The results of this Study will allow Nestrans, Aberdeen City and Aberdeenshire to make informed bids for 
future energy transition and net zero funding opportunities to further develop and establish a network of 
hydrogen refuelling points across the Northeast of Scotland in line with the Regional Transport Strategy and 
both Council’s net zero and energy transition ambitions for the decarbonisation of transport. 

Standardised hydrogen refuelling station concept design 

A standardised concept design of a hydrogen refuelling station was developed based on the assumptions and 
requirements agreed with Aberdeen City and Aberdeenshire Councils (the Councils). The standardised 
concept design was developed to act as a reference for replication and roll out of hydrogen refuelling stations 
across Aberdeenshire and other council regions.  

The standardised HRS concept was designed using a modular approach to enable replicability and scalability 
of the design. Key features of the standardised HRS include: 

 It can provide 250 kg/day of hydrogen refuelling at 350 barg and 700 barg pressures with an 80:20 split 
respectively. The design can increase refuelling capacity to provide 680 kg/day by increasing hydrogen 
delivery frequency and without changing the equipment. 

 It can accommodate variations of the hydrogen refuelling pressure demand split by adjusting the size of 
the hydrogen buffer storage modules ratios.  



Aberdeen City Council Aberdeen Tri-Modal Hydrogen Refuelling Study 
 

 

Final  | April 2024 | Ove Arup & Partners Ltd Final Report  Page 2
 

 It has a 3-day hydrogen storage buffer. If the storage requirement of 3 days is removed (affecting total 
system redundancy), the station can provide a maximum back-to-back hydrogen refuelling of 980 
kg/day.  

 It requires a conservative site footprint equivalent to half a football pitch (45m x 73.5m), accommodating 
for spatial requirements such as safety separation distances, vehicle manoeuvring and equipment 
dimensions. Alternative scales can be derived from the concept design to accommodate specific sites’ 
hydrogen demand and spatial requirements. 

 The estimated total capital cost of key components of the station is £5.6 – £7.5M.  
 The estimated operational cost of the HRS is driven by hydrogen supply cost and the replacement 

schedule of key components.   
 

The concept HRS was designed based on ideal system and operational specifications. The modular nature of 
the concept design provides layout flexibility and the ability to scale system up and down to meet specific 
demand profiles, operational requirements, spatial and cost constraints. The modularity of the concept design 
also enables phasing the HRS development to allow earlier operation and reduce initial capital cost.  

Key parameters affecting site footprint include changes to the hydrogen supply and delivery philosophy and 
frequency of hydrogen delivery. This results in a footprint ranging between 1,000m2 and 3,400m2. Key 
parameters affecting cost are dispensing pressures and redundancy of key equipment such as compressors – 
total system capital cost ranging from £1.5M to £7.4M depending on site specific configurations. 

Technology improvements such as increased tube trailer and hydrogen tanks storage capacity, improved 
compressor efficiency and reliability and decreased key components cost will lead to reduction in the 
hydrogen refuelling station capital and operational cost. 

Planning & consenting 

Scotland’s fourth National Planning Framework (NPF4) and both council’s Local Development Plans 
(LDPs) support the principle of developing a network of green hydrogen supply and hydrogen refuelling 
stations for vehicles, subject to site specific considerations. The specifics of any proposal, including site 
selection and development design, will be key in successfully consenting any proposed development. For 
this, consideration should be given to any LDP or environmental designations adjacent to or near a site. 
Additionally, a transport assessment is likely to be required in support of any planning application. 

Business and legal frameworks 

It is expected the emerging key players for hydrogen refuelling will include a range of public and private 
sector entities, complemented by additional parties to complete supply chain activities. There are key 
overarching commercial risks across business models. Particularly, access to required infrastructure, high 
capital costs and impacts of operating a new technology commercially can impact project viability and 
operator reputation. The Councils can position themselves as project owner, operator or supporter by 
coordinating private investment and lowering barriers to market entry and costs to taxpayers. There are 
increasing numbers of regulatory initiatives that will highlight the need for scalable deployment and a 
network of hydrogen infrastructure, which will in turn demonstrate the Project’s growing offtake potential.  

Tri-modal hydrogen refuelling feasibility 

The development of hydrogen refuelling infrastructure to support multi modes (tri-modal) of transport 
including road, rail and marine is an attractive proposition as it aggregates demand, increasing the security of 
off-take, reducing the risk and improving the business case for developers.  However, the requirements of the 
different modes of transport including specific dispenser requirements, varying hydrogen quantities, storage, 
hydrogen form; liquid and gaseous, and compression for gaseous hydrogen need to be considered. 

Hydrogen is expected to be one of the main fuels, alongside ammonia and synthetic methanol, used to 
decarbonise marine transport. Whilst sharing hydrogen refuelling infrastructure for road vehicles and port 
vehicles and operations may be possible, it may not be practical for supporting other transport vehicles like 
boats and ships to share the same infrastructure, due to their high fuel capacity and logistical requirements. 
Large scale gaseous and liquid hydrogen storage and bunkering will be required at ports to support vessels 
refuelling. 
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Hydrogen is also expected to support the decarbonisation of rail by providing a cost competitive solution on 
hard to electrify, long distance routes. Shared hydrogen refuelling infrastructure for road and rail may be 
possible and beneficial, providing end user convenience, higher traffic and optimised parking spaces. 

When considering hydrogen refuelling for multi-modal transport, hydrogen refuelling development should 
be anchored around heavy users (rail and marine) with an option for access to road vehicles to benefit from 
the refuelling infrastructure. A hub and spoke approach is advantageous, especially at the initial low demand 
stages, as this aggregates demand from multiple end users into a single supply hub servicing multiple 
refueller locations to provide economies of scale and system simplicity.  

Aberdeen ETZ was considered for the feasibility of locating a tri-modal hydrogen refuelling station to 
service, road, rail and marine vehicles. Due to site constraints and location of different transport modes (rail, 
maritime and HGV) is it unlikely that ETZ will be a suitable location for Tri-modal refuelling of HGVs, 
maritime and rail applications at the one site, but there may be future opportunities for multi-fuel and bi-
modal refuelling. 

Summary 
 
Overall, this study has confirmed there is a viable footprint for hydrogen refuelling stations that can be 
applied across the Northeast of Scotland for seamless refuelling experiences.  The footprint developed is 
both adaptable and modular to scale up to meet hydrogen requirements over time.  Further work will be 
required to develop each locations business case, including establish potential users (and if relevant, 
opportunities for multi-modal refuelling), the necessary supply chain and adapt to any physical site 
constraints.  
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1 Introduction 

This study has been commissioned by Aberdeen City Council, funded from both the Strategic Transport 
Appraisal element of the Aberdeen City Region Deal and Aberdeen City Council, Aberdeen City Council, 
and managed by a client group comprising officers from Aberdeen City Council, Aberdeenshire Council and 
Nestrans.   

The purpose of this study is to inform Aberdeen City Council, Aberdeenshire Council and Nestrans of a 
standardised hydrogen refuelling station concept design which can be replicated across Aberdeen, 
Aberdeenshire, and other council regions, and the feasibility of tri-modal refuelling including the 
opportunities and challenges anticipated. 

The results of this Study will allow Nestrans, Aberdeen City and Aberdeenshire to make informed bids for 
future energy transition and net zero funding opportunities to further develop and establish a network of 
hydrogen refuelling points across the Northeast of Scotland in line with the Nestrans Regional Transport 
Strategy and both Council’s net zero and energy transition ambitions for the decarbonisation of transport. 

The report provides an overview of each of the individual project stages: 

Stage 1: Standardised hydrogen refuelling station concept design  

Stage 1 aims to address the following key questions: What does a standardised hydrogen refuelling station 
concept design looks like? i.e. what are the key components and what is the system process and footprint?; 
What are the key considerations of a hydrogen refuelling station design? i.e. how flexible and redundant can 
the design be?; What is the impact of requirements on the size, scale and cost of the system?; What needs to 
be considered for alternative scales, future design stages and further site specific design considerations? 

This section of the report outlines the key design aspects of the standardised hydrogen refuelling station 
concept based on the Councils’ requirements. This includes considering the anticipated hydrogen demand, 
the system assumptions and design requirements and the design specification including key equipment and 
infrastructure required to provide hydrogen fuel for vehicular use. In addition, the report provides 
commentary on alternatives scales of system design and the impacts of changes to the outlined assumptions 
and design requirements. 

Stage 2: Tri-modal feasibility 

Stage 2 aims to address the following key questions: Is tri-modal hydrogen refuelling a feasible concept? i.e. 
what are the opportunities and challenges associated with tri modal hydrogen refuelling?; What are the 
impacts of hydrogen use in the maritime and rail sectors?; What is the current experience elsewhere in multi-
modal transport hydrogen refuelling?; What best practice is available when considering tri-modal hydrogen 
refuelling?; What are the opportunities and challenges of co locating additional low carbon mobility 
solutions such as BEV charging and/or hydrogen-based derivatives such as ammonia, methanol or other 
sustainable fuels and their impact on a tri-modal solution? 

This section of the report provides an overview of the potential for the hydrogen refuelling station to provide 
fuel for alternative transport use cases such as maritime and rail. The opportunities, challenges and impacts 
associated with hydrogen use for marine and rail and the opportunity for the colocation of multiple fuelling 
options. In addition, the Aberdeen Energy Transition Zone was considered for locating a tri-modal refuelling 
station. 
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2 Background 

Scotland has ambitious targets for greenhouse gas emissions reduction1, aiming to cut 75% reduction by 
2030 compared to 1990 levels and reach Net Zero by 2045. To achieve these Net Zero targets, alternative 
forms of zero carbon fuels and technologies need to be deployed sector wide. This report looks at the use of 
hydrogen within the transport sector. 
 
Hydrogen is generally accepted to be an important tool to help lower greenhouse gas emissions and to 
minimise climate impacts. The Climate Change Committee’s sixth Carbon Budget Report2 identifies 
hydrogen as a key low carbon energy carrier, providing decarbonisation options for hard to abate sectors 
such as industry and transport, including heavy goods vehicles (HGVs), rail and shipping. Scotland is well 
placed to take advantage of hydrogen due to its vast renewable energy resources and carbon capture and 
storage potential. In total, the Scottish Government plans to have 5 GW installed hydrogen capacity by 2030, 
half of the UK’s total target of 10 GW. The Scottish Government has affirmed its support for hydrogen with 
the Scottish Hydrogen Assessment, Hydrogen Policy Statement and Action Plan.   
 
The transport sector accounted for 26% of Scotland’s CO2e emissions in 20203. Transport holds a key role in 
the energy transition and has been an early adopter of new technologies, including hydrogen, where it has 
been deployed through local bus fleets, refuse lorries, HGVs, as well as marine transport vessels and air 
transport. Scotland’s transport sector has ambitious decarbonisation targets. The Scottish Government’s 
ambitions contained within the Climate Change Plan 2018 (2023 update) and Zero Emission Vehicle targets 
includes: phasing out the need for new petrol and diesel cars, vans and light commercial vehicles in public 
bodies by 2025 (2030 for the public); ensuring the majority of new buses purchased from 2024 are zero 
emission; establishing a zero emission heavy duty vehicle programme to support innovation in the supply 
chain for HGVs; decarbonising Scotland’s rail services by 2035; and, decarbonising scheduled flights within 
Scotland by 2040.  
 
The Nestrans Regional Transport Strategy 2040 sets out a long-term strategy for areas of Aberdeen City and 
Aberdeenshire. Priorities include reducing carbon emissions to support net zero by 2045 and improving air 
quality emissions from transport to take action on climate change and supporting the health, safety and well-
being of those living and working across Northeast Scotland. Hydrogen is recognised as one of the zero 
emission fuels that could meet these ambitions and Scottish Government targets for most transport 
applications.  
 
The Northeast Scotland region including Aberdeen City and Aberdeenshire Councils region is seen as a key 
area in the energy transition. In 2013, Aberdeen City Council started its hydrogen journey. By 2015, 
Aberdeen City Council had developed a City Region Hydrogen Strategy and Action Plan detailing 
Aberdeen’s ambition to become a world class hydrogen economy. Aberdeen City Council has enacted 
various initiatives to raise demand for hydrogen in the region.  Their activities have principally focussed on 
their own fleet and hydrogen refuelling stations to support this, but they have also worked with private bus 
companies, Community Planning Partners and Aberdeenshire Council to deploy vehicles.  More recently 
efforts have focused on developing private sector interest in transport applications: 

 10 hydrogen fuel cell single decker buses, deployed in March 2015 with First Bus and Stagecoach. 

 15 world’s first hydrogen fuel cell double decker buses, launched by First Bus in 2020 and with a 
further 10 to be deployed in 2023. 

 Since 2018, an ongoing programme of retrofitted hydrogen-diesel (ULEMCo “H2ICEd”) vehicles 
including waste trucks, road sweepers, tippers and tractors. 

 

1 Climate Change (Emissions Reduction Targets) (Scotland) Act 2019 (legislation.gov.uk) 

2 Sixth Carbon Budget - Climate Change Committee (theccc.org.uk) 

3 Chapter 13 - Environment | Transport Scotland 
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 Deployment of the UK’s first hydrogen fuel cell waste refuse truck in 2022. 

 Deployment of retrofitted light duty vehicles such as vans - working with Royal Mail and Siemens 
or electric range extended vans deployed via the Car Club.  

 Deployment of hydrogen fuel cell electric cars on the Car Club with Community Planning Partners 
and Aberdeenshire Council. 

 Two publicly accessible hydrogen refuelling stations.  Kittybrewster has been operational since 2015 
and was upgraded in 2018 to dispense 700 barg as well as 350 barg hydrogen.  ACHES (Aberdeen 
City Hydrogen Energy Station) has been operational since 2017 and can refuel 350 and 700 barg 
vehicles. 

 1 MW stationary fuel cell as part of The Event Complex Aberdeen (TECA) conference centre 
development. 

 
In 2019, working with Scottish Enterprise and Opportunity Northeast (ONE), Aberdeen City Council 
established the business case to scale from pilot projects to commercialisation. Using the Councils’ fleet and 
buses as anchor demand, that has become known as the Aberdeen Hydrogen Hub. With support funding 
from the Scottish Government the Council is now developing the project through a Joint Venture with BP. 
The Aberdeen Hydrogen Hub identifies transport as key initial and easily scalable initial hydrogen demand, 
and it aims to expand hydrogen demand in the short and medium term for use in rail, HGVs and marine 
sectors. 
 
Aberdeenshire Council have also deployed Hydrogen fleet solutions and have actively participated in a 
number of research and development projects. The council is keen to harness the opportunities arising from 
the region’s hydrogen focus.   
 
This report looks to support the regional ambition to be a leader in the development of hydrogen 
technologies for transport. 
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3 Standardised hydrogen refueller concept design  

This section of the report aims to outline the key design aspects of the standardised hydrogen refuelling 
station concept. This includes outlining the demand profiles, the system requirements and the key equipment 
and infrastructure required to provide hydrogen fuel for vehicular use. 

A standardised concept design of a hydrogen refuelling station has been developed based on the assumptions 
and requirements agreed with the Councils and Nestrans. The standardised concept design has been 
developed to act as a reference for replication and roll out of hydrogen refuelling stations across other across 
the Northeast of Scotland and other council regions. To develop the concept design, the following 
considerations were taken. 

1. Design assumptions - this involved proposing typical industry standard assumptions for a hydrogen 
refuelling station at concept stage and incorporating views from the Councils. These views were 
based on Aberdeen City Council’s experience of operating existing hydrogen refuelling stations in 
the Aberdeen region and the anticipated needs of the future hydrogen refuelling stations.  

2. System requirements - A set of high-level system requirements were identified for what the 
concept design would need to do to fulfil the system aims. Firstly, overarching system needs were 
determined and then concept level system requirements were derived.  

3. Concept Design specification – The system requirements were then used to specify a concept 
design. The specification was determined based on the system requirements identified.  

Key aspects of the standardised hydrogen refuelling station concept design include: 

Table 1: High level overview of standardised concept design 

Design aspect Comment 

Provides hydrogen refuelling of 250 kg/day  

 

Refuelling capacity can increase up to 680 kg/day without 
changing equipment but doubling the number of tube trailers 
deliveries or connected to the site.  

Without any constraints on hydrogen supply or storage the 
maximum back-to-back output capacity achievable in 24 hours 
is approximately 980 kg. Dispensing the whole amount of 980 
kg will completely draw out the buffer storage. 

Dual pressure dispensing from a single dispenser Dispensing capacity is split 80:20 split for 350 barg: 700 barg, 
respectively. Additional dispensers will help with system 
redundancy and increase simultaneous refuelling but will 
increase cost. 

Operating philosophy of 12 hours/day  Hydrogen delivery and compression taking place out of 
operating hours. The operating time can be increased up to 18 
hrs/ day with no change to the system, however, logistical 
adjustments for the hydrogen delivery and compression 
operation are required. 

Footprint of 0.33 hectares (45m x 75m) Including maximum separation distances which can be 
adjusted depending on the specific site. The key drivers of 
footprint are the spatial requirements associated with hydrogen 
delivery via articulated truck tube trailers and the 3-day buffer 
storage and associated separation distances.  

Hydrogen buffer storage equivalent to >3 days demand Reducing the buffer storage will reduce the capital cost and 
footprint due to reduced number of storage banks. 

Tube trailer delivery every 36 hours Dependent on the daily hydrogen refuelling capacity of the site 
and based on 250 kg/ day capacity. Delivery frequency or tube 
trailer capacity will need to increase with increased hydrogen 
refuelling capacity of the station. 
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Design aspect Comment 

Early high-level estimate capital cost of main components 
£5.6-£7.4 M  

The compressors and the high buffer storage capacity are the 
main drivers of the cost of the station.   

3.1 Hydrogen demand  
This section of the report outlines the rationale for the hydrogen vehicle demand profile which dictates the 
hydrogen refuelling station concept design fuelling requirements. 

Due to uncertainty surrounding the forecast rate and scale of hydrogen vehicle demand, we have made 
assumptions for an initial concept design scale. The standard hydrogen refuelling station concept design aims 
to be modular - this ensures that if hydrogen demand for vehicles increases, the capacity of the existing 
refueller can be increased through the addition of the relevant modules. The modularity will help increase 
system redundancy, offer users increased refuelling points and enables existing installations to remain 
without major retrofit costs. The following information has been referenced from the CENEX Fleet review 
report4, to provide refueller demand context:  

 A planned vehicle replacement process is required to decarbonise transport in the Northeast Scotland 
with 32% of the total Northeast Scotland fleet; 11% of the Aberdeen City Council fleet and 47% of 
Aberdeenshire Council fleet being hydrogen compatible and cost effective compared to battery.  

 92% of the forecast annual road hydrogen refuelling demand is expected to come from HGVs. 
 Hydrogen refuelling station plans which include 9 HRS (two existing in Aberdeen at Cove and 

Kittybrewster; potential two new sites in North and South Aberdeen; plus, five potential new sites, 
perhaps located in Elgin, Forfar, Inverness, Inverurie and Peterhead near fleet locations) could 
supply over 2 tonnes of hydrogen per working day to refuel the Councils’ fleets located within 20 
km of a refuelling station. This equates to approximately 230 kg/day hydrogen refuelling capacity 
per station.  

 CENEX forecast that medium scale (500 kg/day) HRS will become more common in 2025 and by 
2030 a mixture of medium and large scale (>1000 kg/day) hydrogen refuelling stations will begin to 
takeover.  

It’s anticipated that hydrogen refuelling demand will primarily be driven by road transport especially from 
the anticipated growth in hydrogen fuelled HGVs. Aberdeen City Council have experience in operating 
hydrogen refuelling stations to support the operation of their fleet of buses and council service and passenger 
fleet vehicles. Additionally, the experience of the Aberdeen City Council in operating hydrogen refuelling 
stations has highlighted that the demand at the stations vary between 100-300 kg/day. The hydrogen 
refuelling stations are currently under-utilised due to the small number of hydrogen vehicles in operation in 
the region. The Aberdeen hydrogen refuelling stations are: 

 Kittybrewster 2015 bus refuelling station– 360 kg H2 per day and capacity to store 420kg on site. It 
has dispensed 160 tonnes H2 in 4 years. Upgraded in 2018 to refuel cars, vans and buses at 700 barg. 

 Aberdeen city H2 energy station at Cove 2017 – 130 kg H2 per day. 150 kg storage. Can dispense 
350 barg and 700 barg. 

Based on the information presented in section 3.1, it was proposed to design a standard hydrogen refuelling 
station that provides between 200 kg/day to 500 kg/day. We have sized a design to provide 250 kg/day 
hydrogen refuelling to support the various types and sizes of hydrogen vehicles. For reference, Table 25 
shows the typical tank capacity for different hydrogen vehicles. The design will incorporate future proofing 
concepts to enable upscaling of refuelling facility to 750 kg/day. The upscaling is detailed in section 1.1. 

Additionally, based on discussions with Aberdeen City Council, Aberdeenshire and Nestrans, we have 
assumed that 80% of hydrogen will be utilised for HGVs (350 barg) and 20% for light vehicles (700 barg) 
due to anticipated demand increase in HGVs. This is based on the forecast that 92% of road hydrogen 

 

4 Northeast Scotland Fleet Review (Hydrogen Demand), CENEX, March 2021 
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refuelling demand will come from HGVs. If the split were to change from 80:20 to, for example, 60:40, the 
hydrogen refuelling station design will require changes including, increasing the capacity of hydrogen buffer 
storage at 900 barg and adjusting the compression module flow rate to meet the increased dispensing demand 
at 700 barg. Please note that there has been a noticeable trend of hydrogen heavy vehicles developed with 
700 barg tanks - this may become more prevalent in the HGV market in future. 

3.2 Hydrogen refuelling station requirements 
This section outlines what the standardised proposed Hydrogen Refuelling station needs to do through a 
defined set of functional requirements as agreed with the Councils. 

3.2.1 System level aims 
The proposed hydrogen refuelling station aims to safely provide green hydrogen for multi-vehicular use and 
to fulfil the anticipated fleet demand profiles. The Councils aim to enable hydrogen refuelling across the 
geography to tackle council fleet decarbonisation and stimulate a local green economy. 

The standardised hydrogen refuelling station needs to be designed with the possibility of future scale up as 
hydrogen refuelling demand grows. The hydrogen refuelling station needs to be able to provide refuelling at 
350 barg and 700 barg in an operational schedule of 12 hours per day with 96% availability throughout the 
operation lifetime.  

This means that outside of the 12 hours refuelling window, the site will not be available, and downtime will 
be used for hydrogen delivery, system depressurisation and regular checks and maintenance. Should specific 
sites require substantially different refuelling demand and operational profiles, the standardised design 
should be reviewed. 

3.2.2 System requirements 
Two options exist for sourcing hydrogen for the hydrogen refuelling station: procurement of off-site supply 
or integration of an on-site production of low carbon hydrogen. For the purposes of this study, it was agreed 
with the Councils that the design requirements should focus on off-site supply of hydrogen. The high-level 
costs considerations behind this approach are outlined in section 3.6 . The high-level system requirements are 
outlined in Table 2. 
 
Table 2: High level hydrogen refuelling station system requirements 

High level hydrogen refuelling station requirements  

The standardised hydrogen refuelling station:  

 Shall receive fuel cell vehicle grade (99.999%) low carbon hydrogen from off-site production plant via tube trailers.  

 Shall provide hydrogen for Fuel Cell Electric Vehicles (FCEVs) of varying sizes and requirements.  

 Shall be safe to operate and use.  

 Shall compress hydrogen to enable dispensing at the required vehicle pressures.  

 Shall have hydrogen storage capacity to maintain the defined operation schedule and refueller availability.   

 Shall dispense hydrogen at both 350 barg and 700 barg.  

 Shall enable customers to pay for green hydrogen for vehicular use.   
 

 

The high-level parent requirements from Table 2were used to step down to another level of detail to define 
the concept design requirements and boundaries as outlined in Appendix B. 
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3.3 Standardised hydrogen refuelling station assumptions 
This section of the report outlines the assumptions used in developing the standardised hydrogen refuelling 
station concept design. This also includes discussion on the impact of the assumptions on the components 
and system design. 

The following assumptions have been made in agreement with the Councils for the hydrogen refuelling 
station concept design. The impact of the assumptions on the cost and spatial requirements is summarised 
below.  

 Hydrogen source – hydrogen will be supplied to the site from an off-site hydrogen production plant 
via tube trailer delivery of 300 barg pressure and 99.999 mol% purity.  

 Dispensing pressures – 350 barg and 700 barg hydrogen will be dispensed at the station with a split 
of 80:20 respectively. This requires equipment to enable dispensing at the two pressures such as 2 
stage compressors, low- and high-pressure storage banks and 350 barg and 700 barg nozzles. 
Consequently, this increases the process equipment required, which increases the cost of the design. 

 Operating philosophy – An operating philosophy of 12 hours a day with hydrogen delivery via tube 
trailers taking place after operating hours. This dictates the hydrogen delivery philosophy, space 
required for hydrogen delivery and the total amount of hydrogen refuelling capacity of the station. 

 Buffer storage – 3-day buffer storage for the site to maintain high availability preventing downtime 
due to hydrogen delivery or compressor maintenance issues. This requires useable gas storage 
equalling 72 hours output capacity split between 500 barg and 900 barg at the ratio specified above. 
This is a major driver of site space and cost. 

 End user vehicle types – Variety of vehicle types from small passenger vehicles up to articulated 
and rigid trucks have been assumed to use the site, increasing the footprint due to vehicle 
manoeuvring spatial requirements. 

 System redundancy – Components were duplicated where applicable to increase system 
redundancy and maintain high availability. Redundancy for the compressor modules is particularly 
critical for availability but has an impact on the total system cost. 

 Dispenser redundancy – a single dispenser with two nozzles for 350 barg and 700 barg dispensing 
respectively will be considered, limiting the system redundancy in the dispenser module. 

Additional assumptions relevant for the standardised hydrogen refuelling station concept design include: 

 The hydrogen refuelling station system assumes hydrogen will be received from nearby production 
sites potentially including BP’s Aberdeen Hydrogen Hub, ERM Dolphyn or Vattenfall Hydrogen 
Turbine 1. 

 Pressure regulator energy balances assumes Joule-Thomson effect with adiabatic conditions. i.e., that 
hydrogen gas will increase in temperature as it travels through the regulating valve and ‘expands’ in 
the tank.  

 Compressor work energy balances assume adiabatic compression with 65% efficiency. 

 Compressor cooling duty energy balance assumes all heat from compression requires removal to 
meet required conditions. 

 Coolant energy balance assumes 100% efficiency and 30:70 wt% ethylene glycol – water mixture. 
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3.4 Hydrogen refuelling station design best practice 
This section provides information on standards and best practice applicable to designing a Hydrogen 
Refuelling Station in Aberdeen.  

In designing the standardised HRS concept design, codes and standards applicable to hydrogen facilities in 
the UK have been considered as listed in Table 3. Please note, this is not an exhaustive list and may not 
include specific regulations for certain environments or conditions.  

The main overarching standard used for the concept design of a gaseous HRS is ISO 19880-1:2020. It 
defines the minimum design, installation, commissioning, operation, inspection, maintenance and safety 
requirements. This document focuses on the requirements for fuelling light duty hydrogen road vehicles 
(e.g., fuel cell electric vehicles with 49.7 L < tank capacity < 248.6 L), however, fuelling requirements for 
medium and heavy-duty road vehicles (e.g., buses, trucks with >248.6 L tank capacity) are also covered. 

For fuelling and dispensing requirements, SAE J2601_202005 and SAE J2601/2 _201409 have been 
considered. These are fuelling protocols for light and heavy-duty gaseous hydrogen powered vehicles. These 
protocols provide process requirements (flow, temperature, pressure) for hydrogen dispensing systems and 
establish boundary conditions for safe hydrogen dispensing. They describe methods in how to achieve a 
100% state-of-charge in the vehicle tank storage system.  

For hydrogen purity requirements, FCEV ISO 14687-2:2019 has been considered. The UK does not have a 
local standard for hydrogen purity for FCEVs. However, the UK participated in setting the specifications 
covered in FCEV ISO 14687-2:2019 which outlines that hydrogen used in fuel cells should have a 
purity >99.97 mol%. In practice, hydrogen used in FCEVs is typically produced to meet a target purity of 
99.999 mol% which sometimes is referred to as grade 5. 

In addition to safety design practices contained within the above standards and protocols, recommended 
safety distances for hydrogen installations are provided by the British Compressed Gas Association (BCGA) 
and are outlined in CP33: The Bulk Storage of Gaseous Hydrogen. Appendix D outlines the separation 
distances considered in the concept design. 

Other standards and protocols exist and are used in the detailed selection and design of the HRS components. 
A list of these other standards is provided in Appendix C. 
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Table 3: Relevant hydrogen refuelling station design codes and standards 

Regulations Scope Key points 

ISO Standards for Hydrogen 
Storage and Refuelling 

Several standards exist to control the storage and distribution of 
hydrogen in a hydrogen refuelling station, including:  

 ISO 19880-1 “Gaseous hydrogen-fuelling stations – part 1: 
general requirements 

 ISO/AWI 19884 “Cylinders and Tubes for stationary storage”,  
 ISO/AWI 19885-2 “Gaseous hydrogen”,  
 ISO/AWI 19885-3 “Gaseous hydrogen”,  
 ISO/AWI 22734-1 “Hydrogen generators using water 

electrolysis”, 
 Directive 2014/94/EU on the deployment of alternative fuels 

infrastructure, 
 EN ISO 4126-1:2004 “Safety valves”, 
 EN 10216-5:2004 “Seamless steel tubes for pressure purposes”. 

ISO 19880 can be considered a key overarching document for HRS design. Since this 
document is intended to provide minimum requirements for fuelling stations. 
Developers can take additional safety precautions as determined by a risk management 
methodology to address potential safety risks of specific designs and applications. 
While this document is targeted for the fuelling of light duty hydrogen road vehicles, 
requirements and guidance for fuelling medium and heavy-duty road vehicles (e.g., 
buses, trucks) are also covered. 

SAE J2601_202005  Fuelling protocols for light duty gaseous hydrogen surface vehicles.  

SAE J2601/2 _201409 Fuelling protocol for gaseous hydrogen powered HGVs.  

COMAH 2015 regulations Identify hazardous sites and describe the control measures to prevent 
major accidents involving dangerous substances and limit the 
consequences to people and the environment of any accidents which do 
occur. The regulations implement the majority of the Seveso III 
Directive (2012/18/EU) in Great Britain. The land-use planning 
requirements from the Directive are implemented through planning 
legislation. A site having any dangerous substance specified in 
Schedule 1 present at or above the qualifying quantity is subject to the 
Regulations. 

There are two thresholds, known as lower tier and upper tier, which are 5 tonnes and 
50 tonnes respectively for hydrogen. 

Facilities falling under either tiers will need to have in place a safety management 
system (SMS) and a major accident prevention policy (MAPP). Facilities falling under 
the upper tier are subject to additional requirements related to the safety report, 
external emergency plans and public information. 

Even if there are no threshold quantities of dangerous substances present at a site, it 
may still be subject to the regulations, e.g., if specified dangerous substances, could be 
produced in threshold quantities as a result of loss of control of a process 

DSEAR 2002 Regulations Protection against risks from fire, explosion and similar events arising 
from dangerous substances used or present in the workplace. From 
June 2015 DSEAR also covers gases under pressure and substances 
that are corrosive to metals. This is to allow for changes in the EU 
Chemical Agents Directive, the physical hazards aspects of which are 
enacted in Great Britain through DSEAR. The regulations set 
minimum requirements for the protection of workers from fire and 

Any workplace where explosive atmospheres may occur will be classified into 
hazardous zones, based on the risk of an explosion occurring, and protected from 
sources of ignition by selecting equipment and protective systems on the basis of the 
categories set out in the Equipment and Protective Systems for Use in Potentially 
Explosive Atmospheres Regulations. 
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Regulations Scope Key points 

explosion risks and require employers to control the risks to the safety 
of employees and others from these hazards. 

DSEAR places a formal requirement on employers to assess the risks for gases under 
pressure and substances corrosive to metals and put in place suitable control and 
mitigation measures. 

BS EN IEC 60079- 10-1:2021 
Classification of areas – 
Explosive gas atmospheres 

Concerned with the classification of areas where flammable gas or 
hazards may arise. It sets out the essential criteria against which 
ignition hazards can be assessed and gives guidance on the design and 
control parameters that can be used for mitigation. 

Based on classification system described in this standard, hydrogen is assigned to gas 
group IIC, which is the most explosive category. This means that equipment certified 
for other gas groups (IIA or IIB) will not be suitable for use in a hydrogen explosive 
atmosphere. 

The standard uses the temperature classes and testing methods defined in ISO/IEC 
80079-20-1:2017. The autoignition temperature of hydrogen (585°C) falls under 
temperature class T1, which is the lowest temperature class and hence equipment from 
all temperature classes are suitable for hydrogen environments. 

BCGA CP33 The bulk storage of 
gaseous hydrogen at users’ 
premises. Revision 1: 2012 

Covers the location, design, installation, commissioning, operation and 
maintenance of equipment for the bulk storage and supply of 
compressed hydrogen gas at users’ premises. 

BCGA CP33 indicates the minimum safety distances from bulk hydrogen storage 
facilities.  

Hydrogen installations will not be placed in pits where there is any restriction of the 
means of escape in an emergency. All piping should be installed above ground where 
practicable. 
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3.5 Hydrogen refuelling station system design 
This section of the report provides information on the design of the standardised hydrogen refuelling station. 
This considers modularity, system components, process flows, spatial and power requirements. The design is 
summarised in a design specification i.e., outlining how the design fulfils the system requirements. 

3.5.1 Summary of design 
The standardised HRS has been designed to utilise 250kg/ day hydrogen.  

A modular approach has been taken to design the hydrogen refuelling station. This allows flexibility of the 
site layout and adequate system redundancy whilst enabling future scalability of the site as demand for 
hydrogen refuelling increases. The refueller design consists of the following modules: 

 Hydrogen delivery and storage module 

 Hydrogen compression module 

 Hydrogen buffer module  

 Hydrogen dispensing module 

Further information of the components included in each module is provided in the subsequent sections. The 
HRS will be supported by a maintenance facility/store, a plant room for control and operations, an electrical 
distribution room, and a plant air compressor. 

Concept Design benefits 

Table 4 provides an indicative number of fills per day possible for certain vehicle types expected to use the 
standardised HRS based on the 250 kg concept design. The numbers are based on vehicle full tank refills, 
however from the Councils’ experience of operating hydrogen vehicles, it’s understood that most vehicles 
will not require a full tank refill, resulting with capacity to refuel a larger number of vehicles than noted in 
the table below. This information is based on data outlined in Appendix A: Typical hydrogen tank capacity 
per vehicle. 

Table 4: Estimated number of vehicles refills per day for 250 kg/day concept design 

Vehicle Hydrogen tank capacity 
(kg) 

Hydrogen Tank Pressure 
(barg) 

Total number of fills per 
day 

Car 5 700 10 

Van 5.6 700 8.9 

Waste Truck 20 350 10 

Bus 45 350 4.4 

Rigid Truck 31 350 6.4 

 

Hydrogen supply and delivery  

For the concept design to operate it requires one tube trailers to be stationed on the site. The tube trailer will 
deliver 341 kg of useable gas. Therefore, one tube trailer delivery every 36 hours is required to maintain 
daily demand refuelling and on-site storage level for 72-hour contingency of supply. The station was 
designed with two tube trailers stationed at the site to mitigate any shortfalls or disruption in hydrogen 
supply or delivery. 

The concept design accommodates for 3 tube trailer parking bays, with the expectation that 2 bays will be 
taken up at any one time. A third bay is included to facilitate tube trailer delivery, and replacement with 
minimum turnaround time and supply disruption. 
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Tube trailers were chosen and agreed with the Councils for hydrogen supply because they are the most likely 
hydrogen delivery mechanism available when considering a hypothetical site location and identified 
hydrogen supply plants in the region. Particularly, when the likely site locations may be in rural 
Aberdeenshire away from other industrial infrastructure with a small-scale hydrogen demand. However,  

when designing for a specific site location, other hydrogen supply mechanisms including on-site production 
or direct pipeline should be considered as part of the design process. 

Footprint  

The concept design requires a total footprint of approximately 3,300m2 (73m x 45m). The footprint 
associated with each module is shown below: 

 Hydrogen delivery and storage module: 340m2 (20m x 17m)  

 Hydrogen compression module: 140m2 (10m x 14m) 

 Hydrogen buffer module: 224m2 (16m x 14m) 

 Hydrogen dispensing module: 1,095m2 (73m x 15m) 

The remaining space accommodates for vehicle manoeuvring, both for end users and articulated vehicles 
anticipated for the hydrogen delivery and separation distances associated with property boundaries, ignition 
sources, exposed persons, combustible materials and car parks. In addition, spare part storage, maintenance 
and operation facility, plant room and an electrical room have been accommodated for. We have assumed a 
20ft container dimensions for each of these facilities, this will likely change depending on the specific site. 

Space for hydrogen delivery tube trailer manoeuvring is based on the following assumptions: 

 Hydrogen delivery tube trailers will deliver hydrogen outside the 12-hour operational window, when the 
site is vacant of end users.  

 The hydrogen delivery tube trailers will enter the site through the same entry point from the road as 
station end users. The internal vehicle refuelling bay will be used for any hydrogen delivery tube trailers 
to travel through the facility. The tube trailers will then need to turn out to the exit of the facility to 
reverse back up into the allocated hydrogen tube trailer parking bays. The tube trailer will exit through 
the same exit point to the road as the station end users.  

Utilities  

The concept design requires a water connection, an electric grid connection, and an internet connection.  
Depending on the refueler site design, water might be required for site facilities including maintenance and 
operation buildings or comfort stations. Water will also be required to support the site’s fire protection 
system.  

Power demand 

The concept design requires circa 350 kW of electrical power supply to operate. In order to achieve a power 
supply of 350 kW on site, the local Distribution Network Operator (DNO), Scottish and Southern Electricity 
Networks (SSEN), will need to be engaged with. The DNO can advise if there is headroom available for a 
connection of this capacity from nearby substations and if grid reinforcements are required. Rough time 
expectations to achieve this connection can be provided which will influence the overall project programme. 

Concept Design redundancy  

The standardised HRS design has been split into 4 modules to accommodate for system redundancy, 
availability and reduce impacts on cost for future expansions. The below considerations have been included 
for redundancy within each module: 
 

 Hydrogen delivery and storage module has accommodated for 3 tube trailer bays, with the 
expectation that 2 bays will be used to house the connected tube trailers to supply the site with 
hydrogen, the third bay will be used to facilitate tube trailer delivery and replacement. The hydrogen 
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delivery components should be designed to accommodate for future high pressure tube trailers to 
enable increased hydrogen storage capacity on site with minor infrastructure changes.  

 Hydrogen compression module has included 2 low pressure compressors and 2 high pressure 
compressors to allow for increased system redundancy and ease of maintainability.  

 Hydrogen buffer module includes 6 low pressure storage banks (500 barg) and 5 high pressure 
storage banks (900 barg). The vessels have been sized to allow for 72 hours of buffer storage. This 
will ensure the system has enough hydrogen to dispense to vehicles for the allotted time should 
anything affect the hydrogen delivery or compression modules whereby no further gas is input into 
the storage vessels. The 72-hour buffer period has been chosen to accommodate for a typical 48-hour 
turnaround for any remedial repairs, as discussed with the Councils. Additionally, the buffer module 
consists of storage banks which can be isolated for maintenance or replacement without impacting 
the overall refueller operation. Moreover, in the case of hydrogen refuelling demand increase, the 
buffer storage can be reduced from 72 hours to 48 hours and still have capacity to provide system 
availability should a downstream component fail. If in future considerably more hydrogen is 
required, the hydrogen buffer storage design can be duplicated, however, compression module 
consideration will be required. This is a key driver of the site footprint and cost. 

 Hydrogen dispenser module enables refuelling of 2 vehicles at the different pressures: 350 barg 
and 700 barg, at the same time. The inclusion of a single dispenser with the ability to add another 
dispenser was agreed with the Councils. The addition of another dispenser would increase the 
redundancy of the system. The design has accommodated for the flexibility of an additional 
dispenser without needing to replace the delivery, compressor or buffer modules. This reduces the 
cost of future expansions. 

 
Hydrogen refuelling station system sizing adjustments 

A key factor in the design of the standardised HRS is the ability to increase and decrease scale incrementally. 
Therefore, the concept design has been defined with scalability in mind.  

Should a site require less hydrogen, components in the hydrogen storage and compression modules can be 
reduced to 1 low pressure compressor, 1 high pressure compressor and a decreased storage capacity (storage 
banks number). This will also reduce the land footprint associated with these modules. 

Should a site require more hydrogen, the following modular changes can be made: 

 Hydrogen delivery and storage module – In the first instance, the site might consider increasing 
the frequency of hydrogen delivery to the site up to 2 tube trailers per day, which would increase the 
daily refuelling capacity to 680 kg/ day. The third bay can also be used to accommodate another tube 
trailer and reduce the logistical demands for hydrogen delivery. If the site requires more hydrogen an 
additional tube trailer connection can be designed for on the receiving manifold whilst considering 
pipe sizes and space for additional tube trailer bays.  

 Hydrogen compression module – The bottleneck for flow is due to the compressors, in particular 
the 50 barg to 500 barg compressors. Their flow is currently specified at an industry standard of 30 
kg/h per compressors due to technological limitations. Without any constraints on hydrogen supply 
or storage space the maximum output capacity achievable in 24 hours is approximately 980 kg. The 
buffer tanks will require approximately16 hours to recharge at a rate of 60 kg/h using the two 50 
barg to 500 barg compressors. Note that the recharge time will double if only one compressor is 
utilised. 

 Hydrogen buffer module – The hydrogen buffer time of 72 hours can be decreased to 48 hours, to 
enable a further 125 kg/day without adding addition tube trailer supply. If the 72 hours storage buffer 
is to be maintained, additional hydrogen storage banks will be required on site. Adding this 
additional mass to the total dispensing volume would mean a dispensing capacity of 375 kg/day. 
However as previously mentioned this would increase the recharge time for the storage banks also.  
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 Hydrogen Dispenser Module – The design can accommodate additional dispensers without needing 
to replace the delivery, compressor or buffer modules. This helps accommodate for increased vehicle 
flow, in case specific sites have high traffic at certain periods throughout the 12hr operation window. 

For any site that is expected to considerably increase the hydrogen refuelling demand, accommodation for 
space on the initial site plan should be made or plans for future land expansion understood at the beginning 
of the site design process.
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3.5.2 System block diagram  
Figure 1 illustrates the breakdown of the standardised HRS systems, balance of plant, modules and relevant components. 

 

Figure 1: Standard hydrogen refuelling station - system block diagram 
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3.5.3 Hydrogen refuelling station concept design specification 
The standardised HRS design specification is outlined in Table 5, this includes key concept design aspects and correlates them to which design requirement it fulfils 
as previously outlined in Hydrogen refuelling station requirements section. In addition, justification of the design chosen is provided. 

Table 5: Standardised hydrogen refuelling station concept design specification 

Requirements Specification Design justification 

The concept design shall provide hydrogen supply 
requirements. 

The concept design shall determine a method to receive 
hydrogen from the off-site supplier. 

The concept design shall define the preferred quantity and 
timings of hydrogen delivery. 

The hydrogen delivery and storage module will receive 
hydrogen at 300 barg from a tube trailer. Components for tube 
trailer inlet such as breakaway coupling, flexible hose, nozzle 
and receptacle will be rated for operation at higher pressure of 
500 barg. This will enable any future proofing. 

The HRS system will receive hydrogen from nearby production 
sites potentially including bpAHEL’s Aberdeen Hydrogen Hub, 
ERM Dolphyn, Vattenfall Hydrogen, Kintore Hydrogen, etc. 

The tube trailer will de-pressurise from 300 to 50 barg- this 
equates to 341 kg of useable gas, assuming 20 m3 tube trailer 
volume. Therefore, one tube trailer delivery is required every 
36 hours to maintain daily refuelling demand and on-site 
storage level for 72 hr contingency of supply. 

2 tube trailers will remain on site at any one time to mitigate 
any shortfalls in hydrogen delivery and introduce redundancy 
for supply of hydrogen. 

Tube trailers were the preferred hydrogen delivery option based 
on the agreed refueler specification.  

The tube trailer pressure rating of 300 barg is based on existing 
industry tube trailer availability. The pressures hydrogen tube 
trailers are capable of handling is expected to increase with 
technological advancement, therefore the subsequent 
processing equipment has been designed with a higher 
hydrogen delivery pressure in mind. 

Tube trailer pressure ranges were considered and 50 barg 
discharged pressure was selected based on current industry 
practice to avoid negative effects of pressure cycling. 

 

 

The concept design shall state the expected system life. 

The concept design shall outline major equipment maintenance 
and replacement schedules. 

The concept design shall determine achievable/ expected 
system availability. 

The hydrogen refuelling system has been designed for a 25-
year project life. This will require regular maintenance and 
replacement of components according to the manufacturer’s 
specifications.  

Most equipment will be supplied to meet design life. The 
compressor packages are expected to be one of the systems 
largest CAPEX and OPEX costs. It is worth noting that 
suppliers of compressors generally quote 20+ years for design 
life, however, shorter replacement time (5-7 years) might be 
required due to issues of compressors breakdown and 
technology advancement with more efficient compressors. 

The hydrogen refuelling system will have 96% availability. 
This is based on 5 days for annual maintenance, 2 days per 
quarter for quarterly maintenance (6 days total) and assume 7 
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Requirements Specification Design justification 

days unplanned maintenance. This is comparable with 
availability targets of other refuelling stations. 

The concept design shall outline relevant fuelling, equipment 
and infrastructure standards and regulations. 

The HRS system will be designed in compliance with the 
standards outlined in section 3.4. 

 

The concept design shall determine the size of the compressor The HRS system will include a compression module. The 
compression module will consist of two types of compression, 
the first being 50 barg to 500 barg and the second 300 barg to 
900 barg. 

There will be 2 compressors for both low pressure and high-
pressure compression systems to increase system redundancy. 
These compressors can be operated simultaneously to minimise 
bank re-charge times. 

The system has been designed to dispense hydrogen via 
pressure balance, therefore, filling the buffer storage tank at a 
higher-pressure is required to fill a lower pressure vehicle.  

It is possible to have a 300 barg and 900 barg storage. 
However, this leads to additional high pressure storage 
requirements, added pressure wastage when regulating to 350 
barg from 900 barg, and adds further complexity to the system 
design. Therefore, one pressure range was selected for each 
duty, 500 barg storage for 350 barg filling and 900 barg storage 
for 700 barg filling. 

The system was designed that the 500 barg storage feeds into a 
300 barg to 900 barg compressor. The 500 barg storage 
depressurises during supply, therefore, a 300 to 900 barg 
compressor was selected to ensure an appropriate pressure 
difference. A direct feed from the low-pressure compressor (50 
to 500 barg) to the high-pressure compressor (900 barg) 
compressor was considered however this will impact system 
redundancy should a compressor fail. 

 

The daily capacity of 250 kg/day can be achieved with one 
compressor rated at 30 kg/h however two compressors were 
selected to increase system redundancy by removing single 
points of failure, whilst leveraging the benefit of reducing bank 
re-charge times when operating compressors simultaneously. 

Additional compressor stages would further increase system 
redundancy and reduce bank re-charge times but at the expense 
of cost and increased footprint. 

The concept design shall include storage pressures to enable 
350 and 700 bar pressures at the dispensers. 

The concept design shall outline the safety implications for 
different hydrogen storage options. 

The HRS system will include a buffer storage module. This will 
include storage at 500 barg and 900 barg for dispensing 
hydrogen at 350 barg and 700 barg respectively. 

The number of cylinders and arrangement as part of each 
storage bank was determined from current industrial practices 
however other arrangements are possible. 
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Requirements Specification Design justification 

The 500 barg storage will consist of 6 banks each containing 9x 
1.2 m3 cylinders. Cylinders will be stored in a 3x3 horizontal 
arrangement. 

The 900 barg storage will consist of 5 banks each containing 
11x 0.3 m3 cylinders. Cylinders will be stored in a horizontal 
arrangement. 

The HRS includes a 3-day storage capacity of useable hydrogen 
(assuming 1 day is 250 kg). This gives total useable storage of 
980 kg and total overall storage of 2.84 tonnes.  

The 3-day storage excludes any storage from hydrogen tube 
trailers and only includes storage from the 500 barg and 900 
barg storage banks. This is to ensure high availability of the 
station and avoid possible downtime due to issues with 
hydrogen tube trailer delivery or compressors issues. Including 
tube trailer volume this equates to 4.1 tonnes on site hydrogen. 
This is below the lower tier for COMAH requirements. 

 

The pressure ranges of storage were selected to provide 
sufficient pressure differentials during the pressure balance 
filling of vehicles. 

The size of storage cylinder depends on pressure classification 
and for this design a storage cylinder size of 1.2 m3 for 500 
barg and a cylinder of 0.3 m3 for 900 barg was assumed based 
on current industrial practices. 

The total amount of storage provided was based on 3-day 
storage capacity to ensure security of supply and system 
availability as specified by the client. 

The 980 kg of useable storage was determined based on number 
of whole banks required to provide 3 days of useable gas for 
350 barg and 700 barg demands. In addition, the 500 barg 
banks were assumed to provide the full 3 days coverage (250 x 
3) and also to provide the hydrogen supply for the 900 barg 
banks. 

The difference between useable storage and overall storage is 
that useable gives the amount of gas which can be used for 
refuelling as storage banks will not be fully depleted down to 0 
barg pressure, instead they will operate with a pressure range of 
200 to 300 bar. This will avoid stresses introduced from high 
pressure cycling.  

The concept design shall IIe a method to dispense dual 
pressures 

The HRS dispenser module includes 1 dispenser unit, this will 
be capable of dispensing 350 barg and 700 barg hydrogen at the 
same time via 2 different nozzles and hoses at opposite sides of 
the dispenser. 

A single dispenser unit was selected with two nozzles to 
provide dual pressures (350 barg and 700 barg) to meet client 
requirement. Two nozzles were required for the two distinct 
duties of 350 and 700 barg refuelling. 

The concept design shall determine the maximum back-to-back 
refuelling. 

The HRS design allows 250 kg to be dispensed back-to-back at 
216 kg/h with an 80:20 split between 350 barg and 700 barg 
refuelling.  

Assuming HGVs hold 30 kg of gas this equates to full refill of 
33 vehicles.  

Assuming light duty vehicles hold 6 kg of gas this equates to 
full refill of 8 vehicles. 

Following dispensing, the banks will then need a 250 min 
recharge time to enable storage tank (500 barg and 900 barg) 

The system was designed to provide 250 kg/day as outlined in 
section 3.1. This was agreed with the client. 

The 80:20 (350 barg and 700 barg) split between duties was 
also specified by the client.  

The vehicle tank capacities were determined from current 
industry technology as referenced in Section 0. 
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Requirements Specification Design justification 

re-pressurisation, which would be performed overnight out of 
the refueller operating hours. 

The concept design shall include a method for users to pay for 
hydrogen. 

The HRS design includes a payment method as part of the 
dispenser module. Each hydrogen dispenser includes an 
accessible payment method for end users.  

 

The concept design shall include vehicle flow paths  The HRS design dispenser module has considered spatial and 
vehicle manoeuvring requirements for different vehicle sizes. 
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3.5.4 Process flow diagram  
Figure 2 illustrates the standardised HRS process flow diagram. 

 

Figure 2: Process flow diagram for stage 1 – standardised hydrogen refuelling station 
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3.5.5 Standardised hydrogen refuelling station – layout and spatial considerations 
The standard HRS concept design layout is illustrated in Figure 3.  

  

 

Figure 3: Standardised hydrogen refuelling station layout drawing 
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The concept design layout considered the following in determining the spatial requirements for modules and 
components. Details of the spatial requirements for each module are provided in the relevant module section 
of this report. 

Separation distances 

A separation distance is the minimum recommended distance between potentially hazardous equipment and 
other equipment, structures or people. Separation distances are established to ensure that events associated 
with one element of the site will not adversely impact the safety of activities or operation of another element. 

For the concept design, we have classified minimum separation distances associated with each component 
and module area. The separation distances considered are outlined in Appendix D. For the purposes of the 
standardised HRS concept design, National Fire Protection Association (NFPA) 2020 requirements have 
been used. This includes distances associated with property boundaries, ignition sources, exposed persons, 
combustible materials and car parks.  
 
The standardised HRS concept design does not include a separation distance design mitigation on the outer 
site boundary. This is a site-specific consideration. Mitigation methods such as physical partitions e.g., 
concrete walls could be implemented to decrease land footprint of the standardised design. For the purposes 
of a standardised design, we have included the maximum separation distance required at the station 
boundary, providing a conservative estimate of the optimum required land area for the potential hydrogen 
refuelling stations sites, this is illustrated on the site layout drawing in Figure 3. 

A permanent physical partition may be used to help achieve the required minimum recommended separation 
distances. The height of the partition should be relevant to the hazard, however it should not be less than 2 m 
high, unless for non-fire hazards a lower partition can be justified through risk assessment. The required 
minimum recommended separation distance can include the length of the sides of the partition. 5 

Vehicle and pedestrian access and exit 

The standard HRS site layout allows for tube trailer delivery access to the hydrogen delivery and storage 
module without excessive manoeuvring and direct exit from site in case of emergency, as shown on the 
right-hand side of the HRS layout drawing. There are risks associated with reversing hydrogen tube trailers 
and an appropriate risk assessment and mitigation strategy will need to be determined for each specific site. 
It’s unlikely that an HRS would be designed without tube trailers needing to reverse due to the increased area 
requirements of a parking space where vehicles can access and egress the parking space in forwards gear. 
The risks associated with reversing can be mitigated – sufficient space and the number of obstacles in the 
vehicle path needs to consider. 

The site layout includes vehicle impact protection such as kerbs surrounding the dispensers. Additional 
vehicle impact mitigations are possible to prevent impacts to key components – concrete walls could be 
considered for external boundaries of the modules. 

Space has also been accommodated for vehicles waiting to refuel on the left-hand side of the refuelling 
station layout drawing. The space was designed to enable vehicles movement into the waiting space and out 
to the refuelling bays. This can be removed if the site plot is constrained, each refuelling bay fits 3 car 
waiting spaces. 

Maintenance operations 

The standardised HRS considers component maintenance operations to ensure safe access as required. Major 
equipment has allowed a 1.5 m distance for maintenance accessibility. The separation distances are 
conservative and could be decreased in later stages of the project design, depending on site location and as 
specified by equipment manufacturers. 

 

 

 

5 Cylinder-storage-CP44.pdf (cityco.com) page 8 
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Further safety considerations for site specific design layout 

The following should be considered for future site layout for specific sites: 

 Limit the site obstacles and limit confinement – limit the generation of hydrogen gas turbulence 
which would impact the flame speed and strength of potential explosions generated by potential 
leaks or releases. 

 Locate equipment with suitable access to perform visual inspection and maintenance 
operations – Minimum clearance distances for the replacement or repair of the equipment 
components and accessories should be in accordance with manufacturer’s instruction.  

 Minimum passageways/accessway – Each piece of equipment or assembly of equipment should be 
at least 1 m wide and 1 m high. In an assembly of equipment, an unobstructed space should be 
provided such that valves and fittings for each piece of equipment have a 1 m zone of access.6 

 Hydrogen equipment protection – Hydrogen equipment should be protected against physical 
damage, blockage of ventilation and, when applicable, ice buildup, flooding, and vehicle impact by 
distancing the equipment out of vehicle movement routes. 

 Proximity of adjacent buildings – Adjacent buildings affect equipment main vent stack height of 
hydrogen (i.e., higher vent stack if adjacent equipment and buildings are located closer to the vent 
stack) 

 Hydrogen dispenser location – Hydrogen dispensers should be located at least 5 m away from 
building walls. If, for practical reasons, a dispenser is installed by or attached to a building wall, 
fuelled vehicles shall be at least 5 m from another wall.  

 Hydrogen safety modelling – Detailed modelling and analysis of hydrogen leaks, release, 
dispersion and jet fire should be conducted to optimise site layout and safety distances.  

3.5.6 Hydrogen delivery and storage module 
The hydrogen delivery and storage module include the provision for the station to receive hydrogen via tube 
trailer delivery. On-site stationed tube trailers provide the site with the hydrogen storage capacity required 
for refuelling between hydrogen delivery. Once depressurised to 50 barg, tube trailers will be exchanged on-
site with full tube trailers while discharged tube trailers are taken to hydrogen production site for refilling. To 
enable continuous operation of the station, two tube trailers are required to be connected at any one time with 
space accommodated to allow a third tube trailer. This is to provide security of supply and mitigate potential 
operation disruption due to trailer exchange. The hydrogen delivery and storage module main components 
are listed in Table 6. 

Hydrogen storage capacity on-site can be optimised to minimise the number of tube trailer delivery per week 
depending on demand to ensure the security of supply and reduce the risk of supply interruption. The total 
hydrogen storage on site will be limited to 5 Tonnes in total to stay below the lower COMAH threshold.  

Table 6: Hydrogen delivery and storage components 

Component Function 

Tube trailer Hydrogen delivery from the production site to the refueller, 
and hydrogen storage on site. 

Breakaway coupling Connected between hose and tube trailer. Provides protection 
and safe decoupling in case of vehicle movement whilst still 
attached to receptacle. 

Flexible hose Connect to tube trailer to provide hydrogen supply to the site. 

 

6 Canadian Hydrogen Installation Code, CAN/BNQ 1784-000/2022 
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Component Function 

Nozzle Hand operated nozzle for commencement of filling. 

Receptacle Receives nozzle for gas transmission to site. 

Manifold Enables multiple tube trailers to be connected and supply 
hydrogen to the site. This will enable continuous supply of 
hydrogen during trailer exchange. 

Temperature transmitter Monitors temperature of hydrogen input into site and acts to 
shut-off operation should limits be reached. 

Pressure transmitter Monitors pressure of hydrogen input into site and acts to shut-
off operation should limits be reached. 

Traffic lights and control buttons (start, stop, emergency stop) Traffic lights to communicate if dispensing into site is on-
going/open, stopped/closed or in fault. 

Control buttons interface between operator and control system. 
Allows user to start, stop and emergency stop process. 

Vibration detection sensor Located within user facing unit this will detect for any impacts 
with dispensing unit from tube trailer movements and act to 
shutdown dispensing operation. 

Gas detection Located within user facing unit this will detect for hydrogen 
leaks or exposure at a set percentage of the Low Flammability 
Limit (LFL). This will act to shutdown dispensing operation. 

Manual hand valves Normally of ball valve type. Used for isolation of system 
manually. 

Pressure safety (relief) valve Acts to relieve pressure in overpressure event should control 
systems fail. Vents pressure to safe location. 

Auto-vent and orifice plate Auto-vent to initiate following dispensing stop. Discharges 
pressure within lines back to residual limits to allow for safe 
disconnect tube trailer to site. 

Orifice plate designed to limit flowrate at compromise between 
time to vent and sound limitations. 

Controlled on-off valves PLC controlled valves which open or close dependant on 
signal input. Normally of ball valve type. 

Pressurisation and leak I bypass Bypass line with controlled valve and orifice plate to bring 
lines up to required pressure to avoid pressure shocking of 
lines and to monitor for any leaks. 

Filter To capture any contamination from tube trailer input. 

Flowmeter To monitor flow from tube trailer input and control should 
limits be breached. 

 

Hydrogen delivery and storage module: spatial requirements  

The spatial requirements considered for the hydrogen delivery and storage module include parking bays for 
the hydrogen delivery tube trailers to be stationed during operation, vehicle access and manoeuvring. For the 
hydrogen delivery tube trailer, we have accommodated 3 parking bays of 3.5m x 18.5m based on UK 
parking guidelines for articulated heavy vehicles.  

Hydrogen delivery and storage module: power requirements 
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Minimal power requirements will be required for this module. Power required for switches on input station 
and for instrumentation. 

3.5.7 Hydrogen compression module 
The hydrogen compression module will consist of two pressurisation stages; in the first stage, hydrogen will 
be taken from the on-site tube trailer tanks and pressurised up to 500 barg. This will then be stored in the 500 
barg buffer tanks where it can be used for pressure balance filling of 350 barg vehicles or compressed further 
in the second pressurisation stage. In the second stage hydrogen is taken from the 500 barg storage and 
pressurised up to 900 barg. It is then stored in the 900 barg buffer tanks which enable pressure balance filling 
of 700 barg vehicles. The main components for the hydrogen compression module are listed in Table 7. 

Table 7: Hydrogen compression module components 

Component Function 

Compressors Hydrogen delivery from the production site to the refueller, 
and hydrogen storage on site. Two different types of 
compressors will be required to enable storing hydrogen at 500 
barg and 900 barg to enable refuelling at 350 barg and 700 
barg respectively. 

These compressors are commonly reciprocating positive-
displacement compressors. 

Manual hand valves Normally of ball valve type. Used for isolation of system 
manually. 

Pressure regulator Controls the pressure of the hydrogen at the outlet to meet the 
inlet requirements of the compression modules. 

Pressure safety (relief) valve Acts to relieve pressure in overpressure event should control 
systems fail. Vents pressure to safe location. 

Controlled on-off valves PLC controlled valves which open or close dependant on 
signal input. Normally of ball valve type. 

Chiller system and input Each compressor will need chiller fluid input to cool heat 
generated by compression of the gas. This will be complete via 
heat exchange system within the compressor. 

The chiller fluid will also need cooling back to a desired 
temperature. This will be complete in a chiller system which is 
normally air cooled. 

Filter This will be post compressor to capture any contamination 
created during compression. 

Commonly found to be coalescing type filters to capture oil 
and lubricant materials. 

One-way valve To prevent back pressure from the buffer tanks to the 
compressor 

Temperature transmitter Monitors temperature of hydrogen output from compressor and 
acts to shut-off operation should limits be reached. 

Pressure transmitter Monitors pressure of hydrogen input and output to compressor 
and acts to shut-off operation should limits be reached. 

 

Hydrogen compression module: spatial requirements  

The spatial requirements for the hydrogen compression module include the low pressure and high-pressure 
compression components, maintenance and emergency access and exit requirements. The following space 
considerations have been made: 
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 Low pressure compressors – 10.34 m2 per compressor. 

 High pressure compressors – 10.34 m2 per compressor. 

 Maintenance – 1.5m surrounding compressors for access. 

Hydrogen compression module: power requirements 

Compressor power will be approximately 60 kW per compressor. This is subject to change based on 
equipment supplier. One chiller is assumed per compressor with electrical duty of 18.5 kW per chiller. As 
there are two compressors per pressure class (2 x 500 barg and 2 x 900 barg) the total power requirement 
including chillers is 314 kW (60 kW x 4 + 18.5 kW x 4).  

3.5.8 Hydrogen buffer storage module 
The buffer storage modules will consist of two distinct storage types: 500 barg and 900 barg storage, these 
will enable dispensing of hydrogen at 350 barg and 700 barg respectively. The size of the buffer storage will 
determine the maximum possible hydrogen back-to-back hydrogen dispensing and the maximum allowable 
time between compressions. The main components of the hydrogen buffer storage modules are listed in 
Table 8. 

The buffer storage capacity was sized to maintain dispensing availability for 3 days of useable gas storage. 
This is to reduce the risk of station shutdown in the case of unscheduled compressor maintenance.  

Table 8: Hydrogen buffer storage module components 

Component Function 

500 barg storage tanks Store hydrogen at 500 barg to enable dispensing at 350 barg 
and provide gas for compression up to 900 barg pressure. 

500 barg storage banks will consist of 9 cylinders in 3x3 
horizontal layout.  

900 barg storage tanks Store hydrogen at 900 barg to enable dispensing at 700 barg. 

900 barg storage banks will consist of 11 cylinders in a 
horizontal layout.  

One-way valves To prevent back pressure from the dispenser to the tanks or 
other storage banks and to compressors. 

Pressure safety (relief) valve Acts to relieve pressure in overpressure event should control 
systems fail. Vents pressure to safe location. 

Each bank of storage will contain 2 pressure relief valves 
(PRV) with one active and one standby. This will enable 
storage banks to maintain protection during maintenance 
periods on PRVs or other. 

Temperature transmitter Monitors temperature of hydrogen within cylinders acts to 
shut-off operation should limits be reached. 

Pressure transmitter Monitors pressure of hydrogen within cylinders and acts to 
shut-off operation should limits be reached. 

Manual hand valves Normally of ball valve type. Used for isolation of system 
manually. 

Controlled on-off valves PLC controlled valves which open or close dependant on 
signal input. Normally of ball valve type. 
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Hydrogen buffer storage module: spatial requirements  

The spatial requirements for the hydrogen buffer storage module include the low pressure (500 barg) and 
high pressure (900 barg) storage, maintenance and emergency access and exit requirements. The hydrogen 
buffer storage module accommodates the following spatial requirements: 

 Low pressure storage – 13 m2 per storage bank. 6 storage banks combined footprint of 78 m2. 

 High pressure storage – 2.3 m2 per storage bank. 5 storage banks combined footprint 12 m2. 

 Maintenance – 1.5 m surrounding storage equipment for access. 

Hydrogen buffer storage module: power requirements 

Minimal power requirements will be required for this module. Power is only required for instrumentation. 

3.5.9 Hydrogen dispensing module 
The dispenser module will control the light and heavy-duty refuelling, while acting as the public user 
interface. Hydrogen with a purity of 99.999 mol% will flow into the dispensing line when required. A 
pressure control valve will reduce this pressure to the required refuelling pressure prior to reaching the 
FCEV and regulate the pressure ramp rate. If cooled option is selected, hydrogen will flow through a heat 
exchanger to reduce temperature to -40°C. The gas will be routed into the ground past the station boundary 
wall and into dispensing unit. The dispensers shall be designed to refuel in line with SAE J2601_2 and in 
consideration of the recommendations in BS ISO 19880-1:2020.  

For light duty refuelling (700 barg) the dispensing system will come equipped with communications 
hardware and software to ensure fuelling is conducted within the fuelling protocol process limits for vehicles 
with compressed hydrogen storage systems as per ISO 19880-1:2020. This will be via an infrared sensor 
found within the nozzle component, which will take signals from the receptacle located within the FCEV. 
This is also recommended for heavy duty refuelling (350 barg). 

The dispensing module will include ‘safe’ components to prevent hydrogen release including the hose 
breakaway decoupling, auto-venting post dispensing, control and safety systems, pressure relief devices, and 
as discussed station-vehicle communication system. 

The hydrogen dispensing module will allow hydrogen dispensing at varied refuelling speed within technical 
and safety limits as specified by the components’ suppliers. Refuelling at the higher refuelling speed limits 
can result in system reliability and maintenance issues.  

The refueller design will allow for an increase in the number of dispensers at the station, to enable an 
increased number of concurrent refuels at the station as demand increases. Increasing the number of 
dispensers will require higher hydrogen storage capacity on site or increased frequency of hydrogen tube 
trailer deliveries. In addition, in the case of increased demand for hydrogen dispensing for limited periods of 
time, mobile hydrogen refueller solutions could be integrated with the hydrogen supply at the station.  

The main components of the dispensing module are listed in Table 9. 

Table 9: Hydrogen dispensing module components 

Component Function 

Manual hand valves Normally of ball valve type. Used for isolation of system manually. 

Controlled on-off valves PLC controlled valves which open or close dependant on signal input. Normally of 
ball valve type. 

Pressurisation and I bypass Bypass line with controlled valve and orifice plate to bring lines up to required 
pressure to avoid pressure shocking of lines. Leak I will also be performed to 
monitor and communicate if any leaks are found. 

Controlled pressure regulator Adaptable pressure regulator which controls the pressure of the hydrogen at the 
outlet to meet the pressure ramp rate protocol limits. Maintains generally 
consistent mass flowrate as pressure is increased in FCEV storage tank. 
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Component Function 

This is controlled via inputs from flowmeter with cascade control from the 
pressure and temperature (process and ambient) transmitters. 

Pressure safety (relief) valve Acts to relieve pressure in overpressure event should control systems fail. Vents 
pressure to safe location. 

High accuracy flow meter Highly accurate flow meter (usually 31oriolis type). This will act to control the 
controlled pressure regulator.  

The flow meter will also send signal to human machine interface located at 
customer interface and to determine fiscal billing based on amount of gas 
dispensed. 

If flow limits should be exceeded the flowmeter will act to send signal to stop 
operation. 

Filter This will capture any contamination created during process. 

As per ISO 19880 standard this must be less than or equal to 5 µm. 

Auto-vent and orifice plate Auto-vent to initiate following dispensing stop. Discharges pressure within lines 
back to residual limits to allow for safe disconnect of FCEV from dispenser. 

Orifice plate designed to limit flowrate at compromise between time to vent and 
sound limitations. 

Temperature transmitter Monitors temperature of hydrogen transmitted to FCEV and acts to shut-off 
operation should limits be reached (operating limit < 85 °C) 

Ambient temperature monitoring is also required as per standards and protocol. 
This will act to stop dispensing operations should ambient limits be reached (-40 
°C < ambient limit <50 °C) 

Pressure transmitter Monitors pressure of hydrogen input into FCEV and acts to shut-off operation 
should limits be reached. 

Human machine interface (HMI), control 
buttons (start, stop, emergency stop) 

Enables the users to interact with the station to start/stop and emergency stop 
hydrogen dispensing and determining the amount of hydrogen dispensing required.  

Also gives user feedback during dispensing operation and displays amount of 
hydrogen dispensed and billing. 

Vibration detection sensor Located within user facing unit this will detect for any impacts with dispensing 
unit from vehicle movements and act to shutdown dispensing operation. 

Gas detection Located within user facing unit this will detect for hydrogen leaks or exposure at a 
set percentage of the LFL. This will act to shutdown dispensing operation. 

Breakaway coupling Connected between dispensing unit and hose. Provides protection and safe 
decoupling in case of vehicle movement whilst still attached to receptacle. These 
will be suitable for dispensing operation conditions (i.e., pressure, temperature, 
flow). 

Flexible hose Connect to tube trailer to provide hydrogen supply to the site. These will be 
suitable for dispensing operation conditions (i.e., pressure, temperature, flow) 

Nozzle Hand operated nozzle for commencement of filling. Will include infrared sensor 
for station-vehicle communication protocols to be utilised where possible. These 
will be suitable for dispensing operation conditions (i.e., pressure, temperature, 
flow) 

Hydrogen cooling unit and heat exchanger 
for light duty refuelling 

Reduce the hydrogen flow temperature prior to dispensing in the light duty vehicle 
tank to ensure the hydrogen dispensing temperature is with protocol limits.  
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Hydrogen dispensing module: spatial requirements  

The dispenser module spatial requirements include maintenance, access and exit requirements. The 
dispensing module accommodates the following spatial requirements: 

 Dispenser – 1.2m2 (1.5m x 0.8m)   
o 350 barg hose and nozzle – maximum of 5 m delivery hose 
o 700 barg hose and nozzle – maximum of 5 m delivery hose 

 Maintenance facilities – 2x 20ft container maintenance spaces have been accommodated; one for 
spare parts and the other for staff. 

 Vehicle impact protection – includes a kerbed section to prevent vehicles colliding with the 
dispenser. This provides a buffer of approximately 0.2 m around the base of the dispenser. 

 Vehicle refuelling bays – 3.5m x 18.5m bays have been accommodated for articulated HGVs at both 
the 350 barg and 700 barg dispenser nozzle. This space allocation allows 3 cars to fit in the vehicle 
refuelling bays. 

 Refuelling vehicle waiting space – a section of the site layout has been assigned to accommodate 
waiting vehicles. This can be reconfigured depending on the chosen site and refuelling demand 
profiles expected. 

 Access and exit – we have accommodated for road access for entrance and exit at either side of the 
refuelling bays.  

 Property boundary separation distance of 5 m has been incorporated into the design. This can be 
mitigated through design such as using concrete walls to minimise the distance. This needs to be 
considered on a site-by-site basis. It will be dependent on adjacent land use. 
 

Hydrogen dispensing module: power requirements 

The main power requirement for this module will be for the light duty cooling unit and heat exchanger. This 
will be approximately 20 kW. Other power requirements will be for instrumentation but will be minimal in 
comparison. 

3.6 Standardised hydrogen refuelling station costs 
This section of the report provides an estimate of key component costs. This includes capital cost of key 
components and modules.  It excludes wider site development costs including land, consents, and design 
development.  

Table 10 outlines the high-level estimates of capital cost for the standardised HRS key components. Please 
note these are indicative figures based on the suppliers’ reference list (Appendix E) and should not be used 
for project economic analysis. The costs were based on indicative costs of components listed in the supplier 
reference list. 

Table 10: High level estimate of hydrogen refuelling station key components cost 

Key Component Capital Cost Estimate (£) No. of units Total Capital Cost (£) 

Dispenser 100,000 – 150,000 1 100,000 – 150,000 

Low pressure compressor 750,000 – 900,000 2 1,500,000 – 1,800,000 

High pressure compressor 750,000 – 950,000 2 1,500,000 – 1,900,000 

Compressor chillers 100,000 – 150,000 4 400,000 – 600,000 

Low pressure storage 150,000-200,000 6 900,000 – 1,200,000 

High pressure storage 60,000 – 80,000 5 300,000 – 400,000 

Tube Trailer 400,000 – 600,000 2 800,000 – 1,200,000  

Light duty dispenser chiller 100,000 – 200,000 1 100,000 – 200,000 
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Key Component Capital Cost Estimate (£) No. of units Total Capital Cost (£) 

Site air compressor 8,000-10,000 2 16,000 – 20,000 

 
The total high-level estimate of key equipment’s capital cost ranges between £5.6M – £7.5M. A detailed cost 
analysis of all balance of plant components, operation and maintenance facility, electric and mechanical 
installation, site assessment and civil work is needed. Please note the tube trailer cost shown above is for 
tube trailer purchase, costs for tube trailer rental should be considered as part of the hydrogen supply 
agreement. In addition, a high-level assessment of the HRS operational cost was conducted. The operational 
cost estimates are outlined in Table 11. 
 
Table 11: High level estimate of the hydrogen refuelling station operational cost 

Item Assumption Cost per year (£) 

Electric cost  Site with 350 kW power requirement, 
operating for 8 hours/ day at the full 
power rate  

8,000 – 10,000 

Compressor replacement 4 compressors with a 10-year 
replacement cycle  

300,000 – 370,000 

Regular maintenance and 
consumables for other modules 

10% of the CAPEX of main 
components excluding compressors 

100,000 – 150,000 

Nitrogen for purging (MCP) Regular inspection and maintenance 
of the system 

50,000 – 80,000 

Water  Negligible  0 

Personnel for O&M  100,000 – 150,000 

Total  558,000 – 910,000 

 
In addition, the refueller will need to procure hydrogen to be delivered from production sites via tube trailers 
to meet the 250 kg/ day demand. Assuming delivered hydrogen cost of £10-15/ kg H2, the annual cost of 
hydrogen supply for the refueller will be £912,500 – £1,368,750. 

3.7 Design considerations for on-site hydrogen production 
This section of the report provides an overview of the additional costs associated with an on-site hydrogen 
production facility for integration with the hydrogen refuelling station. 

In the case of on-site hydrogen production, to accommodate the hydrogen demand of 250 kg/ day an 
electrolyser system of circa 1MW power is required. Hydrogen produced from the electrolyser is typical at 
pressures up to 30 barg using the current technology, therefore, the compression system will need to be 
designed to allow lower inlet pressure than what was specified in the standard design (50 barg).  The 
estimated additional footprint required to accommodate the electrolyser plant will be around 100 m2 and will 
have an estimated additional capital cost of £2.0M -£2.5 M. This accommodates for the additional plant 
equipment such as the core electrolyser which consists of stacks, transformers, rectifiers, heat exchangers, 
and gas separator systems, as well as the electrolyser balance of plant such as water treatment, hydrogen 
purification, water cooling, compressors and pump systems etc.  

Costs associated with site development such as electricity substation, Supervisory Control and Data 
Acquisition (SCADA), harmonics filtering, utilities and concrete structures have not been included. 

Please note we have assumed that for the electrolyser size estimation, energy requirement of 50 kWh/ kg is 
assumed with an electrolyser duty cycle of 12 hours a day. 

Another consideration for a future HRS is the potential to receive hydrogen supply via pipeline connections. 
Pipelines are an efficient and cost-effective way to transport high volumes of hydrogen, however, if the 
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pipeline infrastructure doesn’t exist already, extensive and expensive infrastructure will be required to 
connect the refueller to production sites. Considering the relatively low demand of HRS for road transport 
and the high CAPEX of pipeline (circa £400k/ km7), dedicated pipelines are unlikely to be feasible for 
transporting hydrogen to the refuelling stations. 

Gas distribution and transmission network operators are considering how to repurpose the current gas grid 
for hydrogen; however, work is still underway on the technical and safety case for the transition, and it is 
dependent on the UK Government decision on hydrogen for heating which is due in 2026. Hydrogen 
transported through repurposed pipeline will require further purification to ensure meeting the required 
purity for FCEV. Moreover, the compression module design will need to be adjusted to enable the lower 
pressure supply from pipes compared to tube trailer pressure.  

3.8 Further considerations 
This section of the report provides an overview of further considerations such as replicability of the design, 
concept design technology evolution and lifetimes, procurement timescales, scalability of system footprint, 
and system redundancy and availability. 

3.8.1 Alternative scales of design 
The standard HRS concept design is based on ideal refuelling requirements in terms of capacity, security of 
hydrogen supply, and high system redundancy and availability. The ambitious requirements of the site 
resulted in a large system design. However, the concept hydrogen refuelling station is designed with the 
ability to scale up and down to meet the specific demand profiles and operational requirements of specific 
sites. The development of the site can also be phased to enable earlier operation and reduce initial cost, 
starting with a lower capacity and redundancy HRS at the initial stage, which can then be upgraded as the 
operational requirements and hydrogen refuelling demand is better understood. 
 
Alternative scales of HRS design can be developed, an example of some alternative scales are shown in 
Table 12. The main variations considered in the alternative designs is the dispensing pressure capacity (350 
barg and 700 barg or only 350 barg) and the redundancy reduction to 1 day hydrogen storage capacity and 1 
hydrogen compressor utilisation. Substantial reduction in the capital cost of the HRS can be achieved by 
reducing the redundancy to 1 day and further reduction be achieved by limiting dispensing pressure to 350 
barg only. 

 

7 G20 Hydrogen Report: Assumptions, Dec 2020, IEA 
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Table 12: Summary of alternative scales of hydrogen refuelling station design 

Refueller Size 250 kg/day  250 kg/day 100 kg/day 100 kg/day 

Dispensed Pressures 80:20 split.  

350 barg & 700 barg 

350 barg 80:20 split.   

350 barg & 700 barg 

350 barg 

Tube Trailers 

(300 barg, 341 kg useable storage) 

1 1 1 1 

Low Pressure Compressor 

(50 to 500 barg compressor) 

1 1 1 1  

High Pressure Compressors 

(300 to 900 barg compressor) 

1 None 1 None 

Low Pressure Storage 

500 barg storage banks  

2  

(265 kg usable storage, 8.3 hours to 
refill) 

2  

(265 kg usable storage, 8.3 hours to 
refill) 

1  

(133 kg usable storage, 3.3 hours to 
refill) 

1  

(133 kg usable storage, 3.3 hours to 
refill) 

High Pressure Storage 

(900 barg storage banks  

2  

(74 kg usable storage, 0.77 hours to 
refill) 

None 1  

(37 kg usable storage, 0.31 hours to 
refill) 

None 

Spare refuelling capacity on site 65 kg/day @ 350 barg 

24 kg/day @700 barg 

65 kg/day @ 350 barg 53 kg/day @ 350 barg 

17 kg/day @700 barg 

53 kg/day @ 350 barg 

Total Hydrogen on Site 1423 kg  1110 kg 924 kg 767 kg 

Redundancy 1 day 1 day 1 day 1 day 

Footprint 1,645 m2 – 2,250 m2 

(Refer to top layout in Figure 4) 

 
 

1260m2 

(Refer to top layout in Figure 4 
minus the high-pressure 
compression equipment) 
 

1260m2 

(Refer to bottom layout in Figure 
4) 
 

1120m2  

(Refer to bottom layout in Figure 4 
minus the high-pressure 
compression equipment) 

Cost (Key Components) £2.5M-£3.4 M  £1.6M-£2.1 M  £2.3M-£3.1 M £1.4M-£1.9 M 
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3.8.2 Footprint of alternative scales of design 
 

The key driver of site footprint is the spatial 
requirements for the hydrogen delivery. 
Changing the key equipment configuration has 
a limited effect on the reduction of the site 
footprint. Figure 4 illustrates two alternative 
site footprints by removing the space allocated 
for tube trailer bays. The top site layout 
reduces the footprint by providing a single 
tube trailer delivery bay and a single refuelling 
bay. 

The bottom site layout reduces the footprint 
further by assuming the hydrogen delivery 
tube trailers will deliver and supply hydrogen 
outside the 12-hour operational window of the 
HRS and can utilise the refuelling bay space. 

It should be noted that while removing the 
tube trailer bays minimises the area 
requirements, it increases the reliance on 
delivery frequency and provides less supply 
security.  

This outlines how the site footprint can be 
reconfigured by making slight alterations to 
the hydrogen delivery assumptions and 
requirements. These requirements should be 
clearly identified for each specific site. 

Figure 4: Alternative Site Footprints for the Standardised Hydrogen Refuelling Station 
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3.8.3 Replicability of design 
The system configuration can be replicated at other site locations whilst allowing adjustments to the site plot 
and process layout configuration – depending on site specific constraints. Aspects such as those below need 
to be considered prior to replicating the design to other locations: 

 Suitability of proposed site land topography. 

 Suitability of the proposed site land in terms of planning and consenting. 

 Suitability of the size of land – is there sufficient space for safety distances or can alternative 
measures be implemented in the design such as walls. 

 Distance from and capacity of electric infrastructure. 

 Availability and distance of hydrogen supply. 

 Availability and access to treated water. 

 Proximity to end users. 

 Emergency access and exits - Multiple exits should be considered, accommodating for potential 
incident sources both within the HRS site boundary. 

 Fire safety and gas detection systems should also be considered on a site-by-site basis. 

3.8.4 Component redundancy, system availability and cost implications 
The concept design has assumed an operating strategy of 12 hours per day. If a different operating strategy is 
needed, the concept design will need to be reviewed to ensure equipment sizing and storage capacity can 
accommodate the change in operation and maintain the refueller specification requirements. 
 
In any future HRS design, cost should be considered prior to making any design sizing adjustments.  
Additionally, evolution in technology may impact modular design considerations. Changes in compressor 
and storage technology may impact refuelling module inclusion. 

3.8.5 Implication of technology evolution and lifetimes 
The below table summarises the expected technology developments relevant to the hydrogen refuelling 
station. 

 Hydrogen Tube trailers – Increased pressures. Previously, tube trailers were limited to providing 
pressures of 180 barg. Recent developments enable 300 barg hydrogen delivery. In future systems, 
tube trailers may enable delivery of 500 barg hydrogen. This would result in increased storage 
capacity per tube trailer resulting in increased potential daily dispensing capacity. Additionally, 
technology developments of liquid organic hydrogen carriers (LOHC) might enable the delivery and 
storage of hydrogen to hydrogen refuelling stations in a liquid form, enabling alternative on-site 
storage and with lower spatial requirements. 

 Hydrogen compressors – Improved compressors performance in terms of efficiency and 
availability could reduce the level of redundancy in the system. Also, increased compressors flow 
rates would reduce the time required to recharge the buffer tanks which could allow smaller buffer 
storage on site. Moreover, future compressors are likely to have a reduced footprint. 

 Hydrogen Storage – Currently, cylindrical tanks are the most cost competitive storage solution. 
Metal hydride storage involves hydrogen chemically bonding with metals and metal alloys to form 
metal hydrides with higher volumetric energy density. Advances in material hydrides science could 
mean that hydrogen metal hydride storage could be in higher volumetric densities. Therefore, 
reducing the footprint associated with storage in the HRS site layout. 

 Hydrogen Fuel Cell Electric Vehicles – Currently, Proton Exchange Membrane (PEM) fuel cells 
are the most common hydrogen technology deployed to run hydrogen vehicles. PEM technology 
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advances include increasing efficiency and reducing costs. Lower costs would enable greater FCEV 
users and increased efficiency would mean less hydrogen required per mile travelled. 

3.8.6 Expected equipment delivery and replacement timescales 
The following procurement lead times are expected for the below equipment: 

 Hydrogen dispenser: Lead time is estimated to be 3 - 6 months. With replacement every 10 years. 

 Hydrogen storage: Lead time is estimated to be 6 - 12 months. With replacement every 10 years. 

 Hydrogen compressors: Lead time is estimated to be 6 - 12 months. With replacement every 5 years. 

 Coolers: Lead time is estimated to be 3 months. With replacement every 10 years. 

 Hydrogen tube trailers – 3 - 6 months. (If tube trailer purchase option chosen instead of rental). With 
replacement every 5 years. 
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4 Planning and consenting  

This section of the report provides an overview of planning and consenting considerations in the context of a 
hydrogen refuelling station in Aberdeen. 

4.1 Use Class 

Sale of fuel for motor vehicles classed as Sui generis as defined by Town and Country Planning (Use 
Classes) Scotland Order 1997 (as amended). As such any proposed refuelling facility will not fall within the 
parameters of any defined use class. 

4.2 National Planning Framework 4  
Scotland’s NPF4 is a long-term plan looking to 2045 that guides spatial development, sets out national 
planning policies, designates national developments and highlights regional spatial priorities.  

NPF4 places the global climate emergency, the need for decarbonisation and emissions reductions at its 
heart, stating ‘The planning system should support all forms of renewable energy development and energy 
storage, together with new and replacement transmission and distribution infrastructure. It should also 
support new and emerging technology including hydrogen and carbon capture utilisation and storage’. 

NPF4 supports the principle of developing a network of green hydrogen supply and HRS for vehicles, as 
proposed, subject to site specific considerations. 

4.3 Local Development Plans 
The Aberdeenshire Local Development Plan 2023 was formally adopted on 13th January 2023 in advance of 
NPF4’s adoption. As such Local Development Plan (LDP) 2023 has been written to accord with the National 
Planning Framework 3 and not NPF4. Where there is an incompatibility between the Aberdeenshire LDP 
2023 and NPF4, the NPF4 will take priority. 

Notwithstanding this, Aberdeenshire’s LDP does place the global climate emergency and Scotland’s 
ambitious targets of achieving Net Zero by 2045 and reducing its emissions by 75% by 2030, at its heart. 

Aberdeenshire’s LDP identifies that sustainable transport is a key contribution to achieving these targets and 
that the support in principle for the development inclusive of alternative fuel vehicles including hydrogen 
refuelling will help achieve this. As such it can be considered that the LDP supports the principle of 
developing a network of green hydrogen supply and refuelling stations for vehicles, as proposed, subject to 
site specific considerations. 

The Aberdeen Local Development Plan was formally adopted on 19 June 2023, and constituted as part of the 
statutory Development Plan.  Similar to the Aberdeenshire LDP, it was prepared in accordance with NPF3.  
The LDP specifically recognises the opportunity related to future Energy Transition in order to respond to 
tackling climate change.  It notes that the construction of Aberdeen South Harbour creates the opportunity to 
accommodate location specific renewable energy transition developments, including offshore wind, tidal, 
hydrogen and solar.   

4.4 SEPA Regulations 
SEPA’s interest in energy generation from hydrogen covers the manufacture of the hydrogen as well as its 
use as a fuel in fuel cells and in some cases traditional combustion devices in both stationary and transport 
applications. SEPA is working with the Scottish Hydrogen and Fuel Cell Association to examine the 
potential environmental impacts from the different production routes for hydrogen. The intention is that the 
work will provide clear evidence of the likely environmental benefits and impacts, with a view to setting 
suitable regulatory thresholds above which an environmental licence would be required. This work is in its 
early stages and is not yet applicable to the proposal. For remotely hydrogen refuelling sites, this is unlikely 
to apply, however a watching brief is advisable to keep abreast of developments.   
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4.5 Key considerations 
Although the principle of developing hydrogen refuelling stations is supported by both NPF4 and both 
Councils Local Development Plans, the specifics of any proposal, including site selection and development 
design, will be key in successfully consenting any proposed development.  The LDPs have key policies 
grouped into the following categories which are given consideration in the round when determining any 
development proposal.  
 
Within Aberdeen City’s LDP these policy categories are: 
 

 The Spatial Strategy 

 Health and Well Being  

 Protecting and Enhancing the Natural Environment 

 Quality Placemaking by Design 

 Sustainable use of resources 

 Meeting Housing and Community Needs 

 The Vibrant City 

 Delivering Infrastructure, Transport and Accessibility 

 Supporting Business and Industrial Development 

 
In terms of key considerations, the above Aberdeen City LDP policy categories can be further summarised 
by the following:  
 

 Site Designations – In any site selection process a key consideration is what, if any, designated land 
use is attributed to a site by the LDP and does this accord with the proposed use. For example, a site 
designated by the LDP as open space or for housing development would likely render a site 
unsuitable for a hydrogen refuelling station and is highly unlikely to be supported by the Council 
Planning Department. Conversely the LDP designates certain sites as Energy Transition Zones 
where ‘there will be a presumption in favour of the development, production, assembly, storage 
and/or distribution of infrastructure required to support renewable energy related industries; this 
includes offshore wind, tidal, hydrogen and solar’. The development of an HRS in such a site is 
likely to be supported.  

 Consideration should also be given to any LDP designations adjacent to or in close proximity to a 
site.  

 Environmental Constraints – Are there any environmental designations or site-specific constraints 
which could impact on the acceptability of the proposal? Can any such constraints be mitigated? 

 Sites that are subject to explicit environmental designations including nature reserves, Sites of 
special scientific interest (SSSI), flood risk areas, etc are likely to be deemed unacceptable for 
development by the Council Planning Department. Other environmental constraints such as ecology, 
water courses, land contamination may be mitigatable but will require detailed consideration during 
site selection and design.   

 Consideration should also be given to any environmental designations and constraints adjacent to or 
in close proximity to a site.  

 Proximity of Sensitive Receptors – The proximity of sensitive receptors should also be considered in 
site selection and through the design process. Such receptors will include, but are not limited to, 
residential, commercial, leisure etc. Detrimental impacts on receptors, for example on residential 
amenity, will be considered by the Council Planning Department and may impact on proposal 
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consent ability. Impacts on sensitive receptors should be avoided where possible through careful site 
selection and through design mitigation where not possible.  

 Roads Network – Impacts on the roads network are a key consideration in determining the consent 
ability of a proposed hydrogen refuelling station. Impacts relating to roads safety, roads capacity, 
junction capacity etc will be key considerations. Site selection for any proposed HRS should take 
these factors into account. A transport assessment is likely to be required in support of any planning 
application.  

 Public Perception – Public perception has the potential to impact on the consent ability and 
consenting timeline of any project and is particularly important when proposal involves a hazardous 
substance such as hydrogen.  The site selection process and the site’s proximity to receptors will 
have fundamental impacts on public perception. In addition to this a comprehensive stakeholder 
engagement and consultation strategy will be important in mitigating any risk associated with public 
perception, as will effective communication of the safety case.  

 The issues highlighted above are also considered to be representatives of the key issues to be 
addressed within the Aberdeenshire area.   

4.6 Hazardous substances consent 
Sites which want to hold certain quantities of hazardous substances, including hydrogen, at or above defined 
limits must obtain hazardous substance consent in accordance with the Planning (Hazardous Substances) 
(Scotland) Act 1997 and the Town and Country Planning (Hazardous Substances) (Scotland) Regulations 
2015. The consent is a planning control that enables a hazardous substances authority (typically the Council) 
to consider whether the presence of a substantial quantity of a hazardous substance is appropriate having 
regard to the risk to the community. 
  
Hydrogen is a named controlled substance by the Regulations, with a defined threshold of 2 tonnes. At or 
above the 2 tonnes threshold hazardous substances consent must be acquired. Given that this proposal is 
likely to include storage onsite above the 2-tonne threshold it is assumed that Hazardous Substances Consent 
will be required.   

4.7 COMAH regulations 
The Control of Major Accident Hazards Regulations 2015 are applicable to any establishment storing, or 
otherwise handling, large quantities of chemicals or substances of a hazardous nature. Hydrogen is a named 
dangerous substance under COMAH regulations. The controlled quantity of Hydrogen for the COMAH 
Regulations is 5 tonnes for the Lower Tier and 50 tonnes for the Upper Tier.  
 
Lower Tier COMAH Sites must consider the potential for a major accident arising from their work activities 
and describe their approach to controlling the risks in a major accident prevention policy.  
 
The regulatory requirements are more stringent for Upper Tier sites where operators must plan for the 
changes carefully and ensure they make appropriate revisions to their systems for managing and controlling 
related risks. 

4.8 Gas Act 1986 
 
The Gas Act defines gas as the following: “gas” means:  

(a) any substance in a gaseous state which consists wholly or mainly of: 

(i) methane, ethane, propane, butane, hydrogen or carbon monoxide;  

(ii) a mixture of two or more of those gases; or 

(iii) a combustible mixture of one or more of those gases and air; and  
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(b) any other substance in a gaseous state which is gaseous at a temperature of 15°C and a pressure 
of 1013.25 millibars and is specified in an order made by the Secretary of State. 

The Gas Act 1986 (as amended) and the Gas (Applications for Licences and Extensions and Restrictions of 
Licences) Regulations 2009 prohibit certain activities unless the person carrying on that activity is licensed, 
exempt from the requirement for a licence, or eligible (under the Gas Act only) for an exception to the 
prohibition on unlicensed activities. Therefore, anyone engaging in hydrogen supply, such as the proposed 
refuelling site, must have a Supplier Licence under the Gas Act 1986. 
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5 Business model and legal frameworks 

This section of the report provides an overview of potential business models the council could consider and 
the economic regulatory landscape for a hydrogen refuelling station in Aberdeen. 

Although the private sector is exploring commercial opportunities to expand the provision of hydrogen 
refuelling infrastructure, government intervention is needed to deliver a network of hydrogen refuelling that 
enables consumers to confidently switch fuels.  

This section assesses business models with varying levels of complexity, control and business model 
examples for public sector intervening in the hydrogen market. This includes an assessment of varying levels 
of public sector intervention wielded across value chain activities, an evaluation of associated commercial 
risks for investors and recommendations of mitigation tactics. Additionally, it considers the emerging 
economic regulatory landscape in the sector and the overarching impact these may have on business models. 

5.1 Business models  
It is expected the emerging key player profiles for hydrogen refuelling will include a range of public and 
private sector entities (outlined in Table 13) and complemented by additional parties to complete supply 
chain activities. While players’ motivations to enter the space vary, there are key overarching commercial 
risks across business models. Particularly, access to required infrastructure, high capital costs and impacts of 
operating a new technology commercially can impact project viability and operator reputation.   

Table 13: Business model market player profiles 

Indicative market players Focus area Key risks 

Public Sector Enable use of public infrastructure, 
encourage private-sector investment, 
achieving decarbonisation targets and 
protect consumer interests 

High capital costs of infrastructure, 
potential cost overruns, reputational risk 
(e.g., from poorly managed 
infrastructure, ‘greenwashing’, high 
tariffs) and uneven access to 
infrastructure.  

‘Pure’ HRS operator Operate and own hydrogen refuelling 
station(s) and sites, secure market share, 
explore additional revenue stacking 
opportunities  

High exposure to demand-related 
revenue risk and shifts in regulatory 
landscape  

Petrol Majors Enter market to diversify away from 
carbon-intensive infrastructure/services, 
seek partnerships to grow expertise 

Reputational risk, exposure to demand-
related revenue risk, loss of revenue 
security from lower petrol supply and 
Battery Electric Vehicle (BEV) uptake  

Hydrogen Suppliers  Secure long-term offtake agreements 
from wide range of consumers, grow 
market share, secure additional 
positioning in the value chain 

High exposure to demand-related 
revenue risk and shifts in regulatory 
landscape reduced if a variety of long-
term offtake agreements are secured  

Vehicle Original Equipment 
Manufacturers  

Original vehicle equipment 
manufacturers enter a secondary role in 
refuelling to complement new vehicle 
fleet (secure additional positioning in the 
value chain) 

Reputational risk, vehicle sales remain 
core of the business offering – exposure 
to refuelling revenue reduced by vehicle 
sales / profits  

Station Original Equipment 
Manufacturers  

Original HRS equipment manufacturers 
enter a secondary role in refuelling to 
complement offering (secure additional 
positioning in the value chain) 

Reputational risk, HRS sales remain core 
of the business offering – exposure to 
refuelling revenue reduced by station 
sales / profits 

 
For the purpose of this analysis, Table 14 outlines the array of services across the hydrogen refuelling value 
chain that have been taken into account. These are aligned to the market players noted above. The colours 
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annotate different phases in the project life cycle (policy intervention, planning considerations, feedstock 
considerations, construction, operations and maintenance, additional services).   

Table 14: Hydrogen refuelling value chain services 

Service Overview 

 Public sector bodies using policy levers to protect hydrogen users, encourage private investment, or invest 
in charging infrastructure 

 Design of hydrogen refuelling stations and due diligence process, including the capacity of hydrogen 
refuelling station, location of site, site entrance and exit, securing planning 

 Due diligence process and investment; capital costs of grid connection and reinforcement, supply and 
installation, and site set-up; provision or ownership of land 

 Supplying power to the site (e.g., Power Purchase Agreement (PPA)) 

 Supplying hydrogen to the site (e.g., on-site production, tube trailer) 

@@livi Installation of station equipment (e.g., compressors, compressor chiller, heat exchanger, hose, nozzle, etc.) 

 Back office, software, data (real-time information on availability and utilisation), insurance 

 Scheduled and unplanned maintenance 

 Site decommissioning  

 Partnerships with on-site retailers, other on-site revenue streams (if applicable) 

 Subscription-based charging tariffs offering users the ability to charge within a network, customer 
payment interface, site branding 

 
Figure 5 outlines three high-level business models are mapped to a matrix of complexity (vertical axis) and 
control (horizontal axis) from the council’s perspective.  
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Figure 5: Business model complexity v Control 

A – Lease Model: Aberdeen City Council, Aberdeenshire Council or the relevant Local Authority retains 
ownership of the HRS land (station ownership optional) and leases it out to a station operator. Under a low 
complexity scenario, this can be a simple lease (i.e., monthly base recurring revenue, regardless of station 
utilisation), or with higher risk include a concession with a revenue upside.  

B – SPV / JV Model: Aberdeen City Council, Aberdeenshire Council or the relevant Local Authority 
creates a partnership (e.g., Special Purpose Vehicle (SPV) and Joint Venture (JV)) with at least one other 
party to jointly own and operate the hydrogen refuelling station. The public sector role risk can range in the 
partnership across the low-control to high-control range.  

C – Full Ownership Model: Aberdeen City Council, Aberdeenshire Council or the relevant Local Authority 
provides a turnkey refuelling solution as the full owner and operator. Complexity and risk can be abated by 
outsourcing some or all operations and maintenance (O&M) activities to third party vendors.  

The possible areas for public sector intervention across the array of services in the HRS value chain are 
considered in Table 15. These are rated High, Medium, and Low.  
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Table 15: Possible areas for public sector intervention 

Service A1 – Plan 
and lease  

A2 – Own 
and Lease 

B1 – Low 
Control JV 

B2– High 
Control JV 

C1 – Own 
and appoint 
operator 

C2– Own and 
operate 

       

       

       

       

       

       

       

       

       

  dependent on specific contract terms  

   dependent on specific contract terms  

 

Under these business model assumptions, the Council can position itself as a project owner, operator or 
supporter by coordinating private investment and lowering barriers to market entry and costs to taxpayers. 
The key commercial risk factors associated with each model will vary:  

Planning and design risk: the Council could develop all planning and design works to increase public 
planning control and outline the scale of investment, in alignment to wider strategic government objectives. 
The majority of this step is likely to be carried out by external contractors, given specific site design 
considerations require operator expertise and capability. Land availability is a key concern for operators and 
can make up considerable portions of capital investment. The Council could provide operators access to land 
through lease agreements. Economic viability for different land ownership options is dependent on various 
factors (e.g., lease agreement terms, land costs and operational risk appetite) and would need to be assessed 
on a site-by-site basis.  

Refuelling infrastructure capital investment risk: full ownership or subsidy of refuelling infrastructure 
creates CAPEX and operational risk. In addition to upfront capital investment, there is also a replacement 
CAPEX associated with this infrastructure. Compressor packages, which account for the largest 
CAPEX/OPEX costs have average replacement times of 5-10 years, due to compressor breakdown and 
technology advancement. Pure play operators are likely to have direct or long-standing relationships with 
OEMs and benefit from expertise across multi-site operations. Additionally, subsidising targeted 
infrastructure could incentivise private sector operators to tender for Council contracts.  

Refuelling infrastructure operational investment risk: O&M of the refuelling site is a specialised capability 
that is generally carried out at a lower cost by emerging O&M contractors. For example, current refuelling 
stations in the Aberdeen area are maintained by a local contractor. As public authorities are unlikely to 
develop this capability in house, O&M could continue to be contracted out, even in JV and Full Ownership 
models.  

Supply uncertainty: meeting the proposed 350kW electrical power supply requirement may involve grid 
reinforcements if proximate substations capacity is insufficient. In the JV and Full Ownership models, the 
Council could reduce energy OPEX risk through long-term energy procurement contracts at low costs (e.g., 
under a large supply agreement or PPA) and ensure renewable generation supply. Additionally, the Council 
could adopt this route for the Leasing Model and choose to sell power on to the operator at cost or at a small 
mark-up. This could be a more cost-effective route for the operator relative to entering a single site contract.   
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Hydrogen supply uncertainty is a key commercial risk which will be defining for the whole viability of 
hydrogen refuelling stations. Electrolyser capacity is forecast to grow exponentially in Scotland beyond 
2030, however inability to secure sufficient volumes could result in critical risk. The study considers 
different supply mechanisms, including on-site production or tube trailer delivery which offer risk coverage 
trade-offs. On-site production presents additional capital investment requirements, supply security and 
potential additional revenue generation. This could be a feasible option under JV models to deploy risk and 
cost sharing mechanisms. The Council could reduce exposure in the Lease models however site location will 
be a key determinant for project viability. Proximity to hydrogen production hubs and networks is key to 
ensure transport and storage costs do not offset potential project revenues.  

Demand uncertainty: all business models (except for the Develop and Lease option) are impacted by the 
anticipated demand profiles for hydrogen use in transport, resulting in revenue risk and uncertainty. Different 
modes of transport have different hydrogen quantity, form and storage requirements. As noted in Section 7 
(Tri-Modal Feasibility), there is relative uncertainty on capacity requirements for hydrogen in the rail, port 
and maritime sectors. The Council should use caution if investing in operational sections of the value chain 
that are tied to demand and revenue. However, there is scope for the Council and partners to position the 
project design as a first mover to capture emerging demand volumes and seek to guarantee base demand 
options.  

Price uncertainty: uncertainty on hydrogen production capacity and demand growth feeds through to price 
expectations. Lease models have reduced exposure to price variations however all other models will be 
impacted by the long-term trajectory of hydrogen costs. Participation in relevant schemes, such as the 
Renewable Transport Fuel Obligation, can positively impact project economics and introduce certification 
requirements (discussed in more detail in the section below). If applicable, the Council could play a role in 
setting prices to ensure prices are not low enough to discourage private investment and not high enough to 
discourage fuel switching.    

5.2 Economic regulatory landscape  
There are increasing numbers of regulatory initiatives that will directly and indirectly impact the 
development and operations of projects in the domestic hydrogen value chain. This section provides a high-
level overview on how the emerging economic regulatory landscape will have an overarching impact across 
business models.  

5.2.1 Specific regulation and frameworks that directly impact the project  
Renewable Transport Fuel Obligation (RTFO)The Renewable Transport Fuel Obligation (RTFO) aims to 
reduce GHG emissions from the transport sector by imposing obligations on suppliers of fuels (totalling to 
450,000 litres or more) to demonstrate that a proportion of the fuel supply is derived from renewable sources. 
Renewable sources include renewable fuels of non-biological origin (RFNBO) and biofuels and apply to 
road vehicles, aviation, maritime and non-road transport (i.e., non-road mobile machinery, inland waterway 
vessels that do not normally operate at sea).  

Compliant RFNBOs are renewable liquid or gaseous transport fuels which must show evidence that fuel 
process energy is derived from renewable sources other than bioenergy. Renewable hydrogen that is directly 
used in transport applications, either in Internal Combustion Engine (ICE) or FCEV is a key applicable fuel. 
Additionally, RFNBO hydrogen precursor can be used to produce RFNBO products including methane, 
methanol, ethanol, diesel and ammonia for use in transport fuels.  

Fuel suppliers can meet obligations by claiming Renewable Transport Fuel Certificates (RTFCs) for the 
supply of renewable fuels (1 RTFC = 1 litre) or by paying a fixed sum for each litre of fuel they wish to buy 
out of their obligation. The RTFO is a way for the refueller facility to bridge the gap for hydrogen use as 
fuel. Hydrogen is classed as an RFNBO and therefore, the facility can claim and trade certificates for an 
additional revenue stream. In order to claim RTFCs, the Project would be required to apply, provide 
evidence and be independently verified by the Administrator. It can then trade RTFCs in the open market, 
the prices of which are variable, and market driven. The Project is further advantaged given RFNBOs are 
awarded double the RTFCs per litre supplied. The RTFO also sets out a ‘development fuel target’ which 
incentivises renewable fuel pathway uptake. These increase the total obligation to 15.673% of total fuel 



Aberdeen City Council Aberdeen Tri-Modal Hydrogen Refuelling Study 
 

 

Final  | April 2024 | Ove Arup & Partners Ltd Final Report  Page 48
 

supply by 2025 and 20.265% by 2030. As the obligation increases year-on-year, credit revenues from this 
market-based mechanism improve the investment case for the inclusion of hydrogen as a transport fuel.  

5.2.2 UK Government – Non-zero emission HGV phase out 
The UK Transport Committee recognises that cars, vans and HGVs are the largest contributors to domestic 
transport carbon dioxide emissions, with HGVs having a disproportionally greater share of emissions. In 
2021, the Government announced the UK will phase out new, non-zero emission HGVs weighing 26 tonnes 
and under by 2035, with all new HGV sold in the UK to be emission free by 2040. In support of this, the 
Zero Emission Road Freight Demonstrator Programme (competition closed in 2022) was established to 
provide up to £140 million in innovation projects on hydrogen fuel cell and battery truck demonstrations (40 
– 44 t zero-emission trucks), along with the deployment of associated refuelling and recharging 
infrastructure. It is expected this will highlight the need for scalable deployment and a network of HGV-
dedicated infrastructure, which in turn would benefit Project offtake potential and unlock operator 
investment. Additional funding rounds and announcements are expected, in which the Project may be 
eligible to participate.   

5.2.3 UK SHORE 
In 2022, the UK Government launched UK SHORE, a unit focused on funding £206 million to accelerate 
research and development for the development of clean maritime technologies. UK SHORE will also focus 
on the development of infrastructure that enables zero emission technologies, including hydrogen, ammonia, 
and electric. It is expected to deliver a suite of interventions throughout 2022-2025 to accelerate manufacture 
and operation of net-zero technologies. To support this, the Zero Emission Vessels and Infrastructure (ZEVI) 
competition was launched in 2023 with the aim of having zero emission ships in UK waters before 2025. 
Successful hydrogen vessel demonstration projects will highlight the need hydrogen fuelling network, which 
again will demonstrate growing offtake potential for the Project.  

5.2.4 Scottish Hydrogen Accelerator 
The Hydrogen Accelerator is a partnership between the University of St Andrews and University of 
Strathclyde and acts as an enabler of hydrogen technologies in Scotland. It is funded by Transport Scotland 
and aims to provide technical and project management support to accelerate hydrogen projects at scale. To 
date, the programme has focused on delivering the business cases and technical advice in support of policy 
and supply chain development. Additionally, the Accelerator provides direct support to Scottish Small and 
Medium Enterprises (SMEs in the hydrogen sector, provides access to specialised equipment and serve as a 
platform for business collaboration to support sector growth. 

5.2.5 Wider hydrogen supply chain development timelines  
The UK government sees hydrogen as critical in delivering energy security and decarbonisation targets and 
has set a target of achieving 10 GW of hydrogen production by 2030 and they are intending to run annual 
electrolytic allocation rounds to support hydrogen production projects through the Net Zero Hydrogen Fund 
(NZHF) and the Hydrogen Production Business Model (HPBM). Support from the schemes can be obtained 
via four application strands.  

Please note initiatives in this section are directly applicable to producers that can produce low carbon and 
green hydrogen; hence it would have a more direct impact on the Project should the Council choose to 
develop on site hydrogen production capacity. Even under other business model configurations, the emerging 
regulatory landscape will boost the development of the hydrogen market and streamline supply and trade, 
which will be beneficial in managing supply risk.   

 Net Zero Hydrogen Fund - The NZHF provides up to £240m grant funding for the development 
and deployment of new low carbon hydrogen production under two application strands. Strand 1 
provides funding for the development phase of the project. The project must be a UK business of any 
size and can obtain up to 50% of eligible project costs. Strand 2 provides grants for CAPEX support 
on projects that do not require revenue support through the Hydrogen Business Model and 
demonstrate credible project development for production by 2025.  

 Hydrogen Production Business Model - The HPBM scheme aims to support production of 
hydrogen via a contractual support mechanism which provides revenue support. Strand 3 will have 
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up to 20% grant support of total CAPEX from the NZHF but also ongoing revenue support via the 
HPBM for low carbon hydrogen generation via electrolysis. Strand 4 is similar to Strand 3 but 
focuses on Carbon Capture Utilisation and Storage (CCUS) enabled hydrogen generation projects 
and the development of carbon clusters.  

 Low Carbon Hydrogen Certificates - The British Energy Security Strategy committed to 
launching a hydrogen certification scheme (Low Carbon Hydrogen Certificates) by 2025. 
Certificates could help scheme participants to access new low carbon markets, report progress 
towards decarbonisation targets to corporate stakeholders and demonstrate eligibility and compliance 
for subsidy schemes (i.e., Net Zero Hydrogen Fund, Hydrogen production business models). The 
certification scheme will use the methodology set out in the Low Carbon Hydrogen Standards to 
calculate embodied emissions in supplied hydrogen. The scheme connects producers and end users 
by providing methods to verify and trace emissions of low carbon hydrogen and aims to stimulate 
wider market participation, reflecting a preference for low carbon hydrogen through certificate 
transaction and pricing.   
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6 Tri-modal feasibility 

This section of the report provides an overview of the potential for the hydrogen refuelling station to provide 
fuel for alternative transport use cases such as ports and rail stations. 

6.1 Opportunity and challenges for hydrogen at ports and rail stations 
This section of the report evaluates the opportunities, challenges and impacts associated with hydrogen use 
for ports and rail stations and how this may impact existing infrastructure. 
 
 
 
 
 
 
 
 
 
 
 

6.1.1 Hydrogen at ports 
The investment in hydrogen within the marine sector is still in its infancy which has led to a limited number 
of uses being demonstrated. However, at a global scale substantial investment is starting to take place. Key 
marine sector stakeholders are driving decarbonisation developments particularly for developing hydrogen 
production, handling, and storage infrastructure at ports. 

Hydrogen is not at cost parity with existing maritime fuels such as heavy fuel oil and LNG. However, the 
levelised cost of green hydrogen is expected to become cost competitive in the future. Until then, additional 
economic support will be required for hydrogen-based infrastructure and vehicles to be utilised within the 
marine sector. There is an opportunity to leverage hydrogen infrastructure built up in other sectors to foster 
hydrogen use at ports to alleviate financial risk. Hydrogen use at ports could begin with ground transport 
uses e.g., materials handling and develop over time to marine vessels. 

Whilst it’s uncertain which decarbonisation option will dominate marine transport fuelling; hydrogen is 
expected to be a major contender as a zero-emission fuel in the future for marine transport. Hydrogen will be 
compatible for some vessels but not all depending on the vessel size and travel distance. Market forecasts 
have suggested that marine hydrogen technologies will be available for relevant scales within the decade, as 
part of the wider drive towards hydrogen economy development across several sectors. 

It is important to note that ports and marine transportation have options to decarbonise including battery 
electric, hydrogen, methanol, and ammonia. Battery Electric Vessels are more suited to shorter distances and 
smaller vessels due to battery energy storage capacity and weight impediments. Liquid high energy density 
fuels are required for longer distance and larger vessels e.g., shipping routes and heavy-duty activities.  

Methanol is expected to be an efficient transition fuel, leading towards green methanol and subsequent Net 
Zero carbon solutions. It's already an established fuel, with established regulations for its use. Green 
methanol is expected to achieve cost parity with conventional methanol before 2040. However, green 
methanol carbon emissions must be mitigated appropriately through design. 

Ammonia is a promising future zero-emission fuel as it does not emit CO2. Ammonia is more energy dense 
than pure hydrogen which reduces the volume of storage required on board vessels. Green ammonia can be 
used as a direct combustion fuel for vessels; however, it is in early stages of development. Ammonia can also 
be used as a hydrogen carrier and converted back to hydrogen when fuel is required. Compared to hydrogen, 
ammonia does not require high pressure storage tanks for compressed hydrogen or cryogenic storage for 
liquid hydrogen. There is already established safe handling procedures for ammonia however additional 
safety procedures will be required due to its toxicity. Also, the exhaust from ammonia-fuelled propulsion 

Key Points 
 Hydrogen is expected to be a major contender as a zero-emission fuel in the future for marine 

transport. Refuelling for ground transport vehicles may be feasible however, due to the fuel 
capacity and logistical requirements it looks to be more challenging for other transport vehicles like 
boats and ships.  

 Hydrogen trains are expected to be cost competitive against electric and battery trains for rail 
routes with long distances, particularly in areas with poor electrical infrastructure. Refuelling for 
road vehicles may be possible at rail stations as there could be benefits such as end user 
convenience, higher traffic, and optimising parking spaces. 
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systems contains unburned ammonia, and NOx - there is a need to develop technologies to remove these 
harmful substances.  

Hydrogen can be used for propulsion or auxiliary operation on ships through fuel cells or combustion 
engines. Hydrogen combustion engines are less efficient than fuel cells and result in NOx emissions unless a 
mitigatory process is implemented, therefore fuel cells are expected to be the preferred option where feasible. 
Hydrogen Fuel Cells are in the early stages of development for marine transport and are more suited to small 
vessels and some large vessels e.g., cargo vessels. The main constraint of using hydrogen in marine 
applications is hydrogen’s low volumetric energy density. Both compressed and liquid hydrogen are being 
considered for energy storage on board of ships.  

A major challenge to deploying hydrogen refuelling infrastructure at ports is the uncertainty around 
sufficient collective demand to warrant the refuelling infrastructure – an issue that requires economic 
mechanisms to alleviate. There is an opportunity for multi-modal HRS to stimulate hydrogen use at ports. 
The practical lessons learnt through a trial could provide insight into a path forward for further hydrogen 
infrastructure build up. 

The following technology advances are required to scale up hydrogen use within the marine sector. This 
offers an opportunity for ports to engage in novel technology R&D from the outset.  

1. Proof of application of hydrogen fuel cells, ammonia and methanol fuel cells and engines in marine 
applications.  

2. Hydrogen production, transport and bunkering at the scale required for maritime applications. 

3. Development of suitable fuel storage and handling infrastructure at ports and testing of safety 
aspects, including multiple fuel handling at ports to accommodate the requirements of different 
vessels.  

4. Vessel fuel storage configurations that do not overly impact freight and passenger carrying 
capacity. 

Port operation impacts 
A full switch to hydrogen usage at ports will require considerable change to the existing infrastructure as 
well as handling and storage regulations in the long term. There is currently no existing infrastructure at 
ports to support the storage, transport or bunkering of hydrogen. Furthermore, refuelling time and frequency 
are expected to increase with hydrogen due to its low energy density and allowable dispensing flow rate.   

It is likely that hydrogen will be used in ports and marine applications in both gaseous and liquid forms; with 
each requiring different infrastructure and operation. Gaseous hydrogen will need to be stored at high 
pressures to enable large quantity storage and meet pressure requirements of the vessels or port operation 
vehicles.  Liquid hydrogen requires storage at very low temperatures (-252⁰ C) in specialised vessels. The 
transport and handling of liquid hydrogen will require increased precautions to keep in a liquid state, 
transport and operate on-board marine vessels. 

Hydrogen refuelling opportunities at ports 
Ports are ideally situated to develop hydrogen hubs, with the potential possibility of aggregating demands 
across vessels, land transport and local industrial uses. Establishing hydrogen production and storage 
infrastructure early on is critical to host hydrogen powered vessels and other alternative ship fuels. The early 
use of hydrogen to refuel port equipment will enable ports to start gaining experience in handling and 
operating hydrogen in the marine environment. While in the long term, hydrogen demand at ports will be 
dominated by marine vessel fuel requirements. Hydrogen refuelling infrastructure for road transport can 
benefit from marine developments by leveraging the hydrogen transport and storage infrastructure. Table 16 
outlines some types of vessels which are compatible with gaseous and liquid hydrogen. 
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Table 16: Typical marine vessel hydrogen fuelling compatibility summary 

Vessel type Gaseous 350 Barg H2 feasibility Liquid H2 feasibility  

Large Containership Limited by volume Potentially feasible 

Ro-Pax Ferry  Edge feasibility Feasible 

Bulk Cargo  Limited by volume Potentially feasible 

Smaller Containership Feasible Feasible 

Smaller Bulk/Cargo Potentially feasible Potentially feasible 

Offshore supply/ tugboats Feasible Feasible 

Small Pax Ferry Feasible Feasible 

Large Fishing Limited by volume Feasible 

Small Fishing Potentially feasible Feasible 

Small High-Speed Pax Ferry Limited by mass & volume Limited by mass & volume 

 
With ports in the Northeast of Scotland such as Port of Aberdeen, Fraserburgh Harbour, Peterhead and 
Buckie, there is an opportunity to collaborate for collective hydrogen use, to ultimately decarbonise across 
multiple transport modes whilst spreading risk and maximising knowledge sharing. Below are the types of 
vessels that frequent the Northeast of Scotland ports, which present an opportunity to connect for aggregated 
hydrogen demand in the region. This may be as part of a co-located tri-modal solution or as part of a 
hydrogen hub type solution in which hydrogen production and large-scale storage is core and the end uses 
are located elsewhere. 

 Port of Aberdeen – cruise ships, cargo ships, ferries, tugboats 

 Fraserburgh Harbour – cargo ships, fishing vessels 

 Peterhead Port – Bulk cargo ships, cruise ships, fishing vessels 

 Buckie – fishing vessels, small cargo ships 

 
Port of Aberdeen were engaged at the beginning of this project, in its effort to meet the IMO 2050 carbon 
neutral target, the Port of Aberdeen is currently working through the scope 1, 2 and 3 emissions. Scope 1 and 
2 emissions are being addressed by port fleet transition, energy source and operation adjustments. However, 
scope 3, which is the highest (97%), is more challenging as the port has little control of and interventions 
could impact its business. Although hydrogen seems to be gaining traction, there is not enough clarity for the 
port and its users to invest in the expensive infrastructure required. 

6.1.2 Hydrogen for rail 
Hydrogen trains are currently in limited commercial operation around the world. Refuelling infrastructure is 
required at depots to enable refuelling sourced from hydrogen production plants. Hydrogen train 
infrastructure can leverage advances from developments made in road transport applications – sharing 
components and systems between the sectors. Current hydrogen rail development is focusing on gaseous 
compressed hydrogen, with on board storage and fuel cells used to generate power for propulsion. Moreover, 
an advantage of hydrogen trains is that can act as direct replacements to diesel trains with minimal enabling 
rail infrastructure changes required. 

Hydrogen rolling stock is emerging as a critical interim or permanent solution to achieving complete 
decarbonisation of rail. This is being demonstrated in Europe with 14 passenger hydrogen trains anticipated 
to make a route in Lower Saxony, Germany (the first route to run exclusively on hydrogen) and 20 “tribrid” 
(battery-electric-diesel) trains deployed across Italian routes. And in France, SNCF is developing hydrogen-
powered trains and is already operating a small fleet in the Aquitaine region of the country. 

Whilst the first UK hydrogen-powered train, HydroFLEX, is currently under development for commercial 
use, the Coradia iLint alternative in Germany has demonstrated capability to run for 600 miles on a single 
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refuel with a 15-minute refuel time. In contrast, premium battery technologies, like Vivarail, offer ranges of 
60 miles on battery-only power with a 10-minute recharging time - this is a challenge for grid infrastructure 
in remote areas. 

The economics of electrification in rail infrastructure will greatly affect the viability of hydrogen rail – as 
routes may be electrified which will result in fewer routes for hydrogen trains. Hydrogen trains are expected 
to be cost competitive against electric and battery trains for rail routes with long distances (over 200 km) and 
small fleet of trains.  

Moreover, the high-cost barrier of new large-scale electrification lines results in hydrogen becoming a more 
attractive decarbonisation option especially in areas with a lack of electric infrastructure like in the Northeast 
of Scotland. This also presents an opportunity to integrate hydrogen in rail as an end user of a tri-modal 
hydrogen refuelling station. 

The main barrier for the deployment of hydrogen trains is the lack of clarity and commitment on rail 
decarbonisation targets and timelines, allowing operators to continue to procure and deploy diesel trains on 
un-electrified routes. There are also challenges associated with the production and transport of hydrogen at 
scale for the rail industry.  

The Hydrogen in Rail Action Plan8 identified hydrogen trains as a potential optimal and feasible technology 
to decarbonise passenger rail services in the Northeast of Scotland - prior to the Scottish Government’s 2035 
target for the whole of Scotland. The Aberdeen-Inverness route has potential for hydrogen deployment due 
to the relatively mature hydrogen production, storage, and refuelling infrastructure available in the Aberdeen 
region. The proposed solution includes 2 Alstom trains servicing part of the train schedule with a mobile 
refuelling solution to be used at the pilot stage. 

rail operation impacts 

Large scale, stationary refuellers are still in their infancy for the volumes required for trains however there is 
an opportunity to trial it’s use on specific applicable routes e.g., Aberdeen to Inverness. The main operational 
impact of hydrogen trains is in the required refuelling frequency due to the low energy density of hydrogen 
compared to diesel. The Aberdeen to Inverness hydrogen train will require daily refuelling to meet the 
scheduled travel distance. However, hydrogen trains have the advantage of comparable refuelling time to 
diesel trains; 200 kg refuelling at 350 barg in 27 min according to Alstom. 

Hydrogen refuelling at train depots 

Train refuelling presents an opportunity for high and regular demand for hydrogen off-take. Train refuelling 
will require specially designed hydrogen refuelling depots with either on-site hydrogen production or off-site 
hydrogen delivery via tube trailers. Hydrogen train depots could serve as a base for multi-modal refuelling 
sites with rail providing the base demand.  

The Hydrogen in Rail Action plan identified three possible depots for the use in the hydrogen train pilot 
project for the route between Aberdeen and Inverness. These are: 

 Aberdeen Clayhills – Aberdeen city centre currently used for diesel trains. 

 Waterloo Quay – managed by network rail and Aberdeen Harbour. Close to Aberdeen bus station. 
could potentially serve hydrogen for road, rail and marine. 

 Raith’s Farm – north of the city, underused with proximity to the airport and TECA hydrogen 
installation. It could potentially serve hydrogen for rail and road including airport landside vehicles. 

  

 

8 Hydrogen in Rail Action Plan, SNC Lavalin, April 2023 
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6.2 Identification of facilities within the Energy Transition Zone (ETZ) 
This section provides an overview of the the Aberdeen City Energy Transition Zone and any associated 
constraints to implementing a tri-modal solution and any potential challenges and opportunities for each 
transport mode within the ETZ. 

 

 

 

 

 
 
 
 
 
In Aberdeen a 40-hectare area has been designated an Energy 
Transition Zone (ETZ). The ETZ is adjacent to the new £400 million 
deep-water and non-tidal Aberdeen South Harbour – one of the 
largest marine projects in the UK. The company ETZ Ltd. has been 
set up to accelerate Northeast Scotland’s transition to Net Zero, 
support a green economic recovery and deliver jobs for the region. A 
key focus for ETZ Ltd. is investment in strategic infrastructure, 
technology innovation, supply chain development and skills.9 
 
The ETZ aims to create 2,500 direct jobs and a further 10,000 energy 
transition-related jobs across Northeast Scotland. The ETZ strives to 
be a Net Zero exemplar and home to leading-edge innovation via a 
centre of excellence for floating offshore wind and other renewables, 
including hydrogen. 
 
The ETZ site includes plans for a hydrogen campus aiming to 
support the hydrogen supply chain development through offering the 
ability to demonstrate and test green hydrogen production 
technologies and industrial hydrogen equipment. As well as plans for 
a marine gateway at the Aberdeen South Harbour which aims to 
support the deployment of renewables such as Offshore Wind in the 
North Sea. 
 
As part of this project, Arup engaged ETZ Ltd for information 
regarding the ETZ. ETZ Ltd mentioned that they have no plans for 
additional hydrogen refuelling within the ETZ as they expect 
refuelling needs to be fulfilled by the BP Hydrogen Hub on the ETZ 
site.  

6.2.1 Opportunities and challenges for each transport mode at the ETZ site 
As identified in Figure 6, when evaluating the opportunities for tri-modal refuelling within the ETZ. The 
closest point of the ETZ to Aberdeen train station is approximately 2 km away. This would mean a co-
located HRS would not be possible at or in proximity to Aberdeen Train station. However, the main train 
track going south of Aberdeen passes through the ETZ boundary. This provides a potential opportunity to 

 

9 https://etzltd.com  

Key Points 

 No current plans for multi-modal hydrogen refuelling within the ETZ. The bp Aberdeen Hydrogen 
Energy Ltd “Aberdeen Hydrogen Hub” within the ETZ is currently designed for road transport 
applications but will have tube trailer export capability for moving hydrogen to other locations to 
serve other transport needs if they arise. 

 Due to site constraints and location of different transport modes (rail, maritime and HGV) is it 
unlikely that ETZ will be a suitable location for tri-modal refuelling of HGVs, maritime and rail 
applications at the one site, but there may be future opportunities for multi-fuel and bi-modal 
refuelling. 

Figure 6: Aberdeen ETZ layout map 
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locate a hydrogen refuelling facility to accommodate trains within the ETZ, however, there are no nearby 
sidings. 

The train track also passes alongside the Aberdeen coast road for approximately 2.7 km which presents an 
opportunity to co-locate an HRS to meet road and rail demands if rail sidings were also developed. 
Additionally, the trainline and coast road pass through the marine gateway and hydrogen campus areas of the 
ETZ. The ETZ marine gateway is centred around the Aberdeen South Harbour. The harbour is undergoing 
an expansion to provide 300 m of berthing.10 It may be possible to locate an HRS to sustain road, rail and 
marine demand near Aberdeen South Harbour. Other areas outside of this zone would require a hub and 
spoke style refuelling configuration i.e., a central hydrogen production facility with hydrogen distributed to 
several decentralised end use locations. 

Near the Aberdeen South Harbour would be an advantageous location to refuel HGVs expected as part of the 
harbour fleet or vehicles expected to frequent the marine gateway to support the offshore wind supply chain 
build up. However, this location may not be convenient for other road transport users due to being located 
away from city centre and other high traffic areas. 

 

 

The ETZ offers an opportunity to leverage knowledge sharing and skills development by utilising the area 
for multiple energy transition technologies and their integration to achieve Net Zero. This would include 
technologies for the production, transport and dispensing of hydrogen for the various transport modes. 

 

10 Port of Aberdeen | South Harbour expansion project 

Figure 7: Map of Aberdeen/ North ETZ Area 
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6.2.2 Site specific constraints to Tri-modal refuelling at ETZ 
High level constraints have been identified for locating a tri-modal HRS within the ETZ. This list is not 
exhaustive but provides an overview of items to consider going forward.  

 Hydrogen production is already planned for ETZ site.  

o Any further plans to refuel or determine path forward for multi-modal transport refuelling 
should take into consideration the plans BP’s Aberdeen Hydrogen Hub, ERM Dolphyn, 
Vattenfall Hydrogen Turbine 1 and others have for supplying hydrogen. 

o Limited stakeholder support due to the lack of clarity on the future fuel for marine and rail, 
making investment decision into hydrogen infrastructure for refuelling vessels or trains 
difficult.  

 Power supply/ Electric infrastructure/ Grid connectivity constraints.  

 Locating tri-modal refuelling close to area designated for other uses. 

o May cause land availability conflicts and / or disputes.  

o May cause issues with future-proofing refuelling station design by limiting areas for 
expansion. 

o May cause safety issues due to proximity of passersby etc. 

 Potential environmental constraints such as impacts on marine wildlife including birds such as Terns 
that are commonly found in the area. 

 Land purchase in this area may be higher than other potential locations due to proximity to industrial 
sites, harbour and other facilities. 

 Land topography – the terrain in the ETZ is rocky and would require considerable groundworks to 
install a refuelling facility. 

6.3 Multi-modal refuelling, infrastructure and safety best practice  
This section of the report evaluates the available standards for hydrogen refuelling for marine and rail 
applications. 
 
At present, there are no specific safety regulations and standards for hydrogen in rail and maritime refuelling. 
Regulations and standards discussed for road transport would apply to other modes of transport but will 
require refinement and development for the specific modes. Below is a list of relevant regulations and 
standards: 

 IGEM Reference Standard for Low Pressure Hydrogen Utilisation (2021). 

 European Safety Standards for Electrical, Mechanical and Pressure Equipment. 

 ISO Standards for Hydrogen Storage and Refuelling. 

 BCGA CP33 The bulk storage of gaseous hydrogen at users' premises. Revision 1: 2012. 

 NFPA codes and standards (NFPA 50A and 50B) on standard for gaseous and liquid hydrogen 
systems at consumer sites respectively. 

 COMAH 2015 regulations on identifying hazardous sites and describe the control measures to 
prevent major accidents. 

 DSEAR 2002 regulations on Protection against risks from fire, explosion and similar events arising 
from dangerous substances used or present in the workplace. 

 BS EN IEC 60079- 10-1:2021 Classification of areas - Explosive gas atmospheres. 
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Recently, the Regulatory Horizon Council report on the regulations of hydrogen fuel propulsion in maritime 
vessels highlighted a number of regulatory issues hindering the development of the hydrogen maritime 
sector. These include wider considerations on the vessels, bunkering and port infrastructure development. A 
key issue highlighted in the report is around the lack of port infrastructure to support the operation of 
hydrogen vessels, and the lack of regulatory clarity around whether, and how, hydrogen storage at ports will 
be managed. The report recommended the creation of a Centre or Taskforce for Hydrogen Maritime 
Propulsion to resolve evolving regulatory issues around new fuels in the marine sector.  
 
With regards to the rail sector, the Rail Safety Standard Board (RSSB) report identified the legislative 
framework required for the development of hydrogen power systems and their integration into the rail 
network11. Furthermore, the RSSB has recently published a hydrogen policy and standards review. The 
review includes several gaps in standards on and off board the train. Gaps identified in standards relevant to 
hydrogen train refuelling include off-board storage, depot maintenance and staff competence, station and 
tunnel design, zoning of infrastructure, refuelling, unfilling, general safety and major incidents management. 
 
Overall, whilst there are opportunities to co-locate refuelling for different transport modes within close 
proximity of each other as part of a multi-fuel facility in the future. However, the likely colocation of a 
facility for maritime, HGV and rail refuelling applications within the ETZ would be more challenging due to 
the topography and terrain.  With the bp Aberdeen Hydrogen Hub being developed for transport applications 
there would be opportunities to cater for limited rail and maritime refuelling by tube trailer if required and 
multi-fuel options within the vicinity of the Port of Aberdeen. 

6.4 Multi-modal hydrogen refuelling case studies 
This section of the report outlines relevant selection of case studies for multi-modal hydrogen refuelling at 
ports and rail hydrogen refuelling developments.  
 
 
 
 
 
 
 
 
 
Outlined below is a selection of case studies for multi-modal hydrogen refuelling at ports and rail hydrogen 
refuelling developments. These case studies provide context for the direction of innovation and development 
within the marine and rail industries for hydrogen decarbonisation. 

6.4.1 Multi-modal refuelling  
 CMB.TECH Hydrogen refuelling station12 - Multi-modal transport refuelling infrastructure for 

road and marine vehicles at the Port of Antwerp. 

 Tees Valley Hydrogen Transport Hub (UK)13 - Study setting out a vision and plan for a multi-
modal hydrogen transport hub within the UK. 

 

11 Hydrogen Powered Trains: Route to Enter Service Phase 3 Report: Route to Market Map, RSSB, 2020 

12 Opening multimodal hydrogen refuelling station | CMB.TECH – 

13 Tees Valley multi-modal hydrogen transport hub - GOV.UK (www.gov.uk) 

Key Points 
 The case studies investigated largely focus on hydrogen refuelling as part of a broader multi-modal 

transport use cases.  

 Port case studies focus on demonstrations for port infrastructure developments and knowledge 
sharing environments.  

 Rail case studies focus on hydrogen train trials. 
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6.4.2 Port refuelling case studies 
 Decarbonising Ports and Harbours (UK)14 - Aims to convene a community that addresses the 

challenges of decarbonising, reducing emissions of greenhouse gases and improving localised air 
quality.  

 Hydrogen Innovation – Future Infrastructure & Vessel Evaluation & Demonstration (HI-
FIVED)- Aims to establish a domestic green shipping corridor between Aberdeen and the Orkney 
and Shetland Islands, with hydrogen-powered autonomous ships being used to transport cargo. 

 Dual Ports (North Sea EU)15 - Aims to decarbonise Regional Entrepreneurial Ports through a 
shared eco-innovation port programme. 

 H2Ports (Spain)16 - First European project focused on testing heavy-duty port equipment powered 
with Hydrogen Fuel Cells. 

 SHAPE UK17 - Aims to demonstrate a green hydrogen system at Portsmouth International Port. 

 Port of Immingham18– Aims to import green ammonia from production locations operated by Air 
Products and its partners around the world to produce green hydrogen, which would decarbonise 
hard-to-abate sectors such as transport. 

 Port of Rotterdam19 - Aims to introduce a large-scale hydrogen network across the port complex, 
making Rotterdam an international hub for hydrogen production, import, application and transport to 
other countries in Northwest Europe. 

 Clean Maritime Demonstration Competition (UK)20 - Aims to deliver feasibility studies and 
technology trials in clean maritime solutions. 

 
Rail refuelling case studies 

 Alstom Coradia iLint (Germany)21 – Since 2018, the Coradia iLint has been in commercial service 
in Germany. 

 HydroFLEX (UK)22- the first hydrogen-powered train in the UK, has been developed by fitting a 
hydrogen pack to an existing Class 319 train set. 

 Linde Rail Hydrogen Refuelling Station (Germany)23 This project will refuel 14 hydrogen-
powered passenger trains, enabling each train to run for 1,000 km emission-free on a single refuel. 
Total capacity of around 1,600 kg of hydrogen per day, making it one of the largest hydrogen 
refuelling systems ever built. 

 
Based on review of these case studies, Aberdeen HRS should consider: 

 Broader multi-modal transport refuelling. 

 

14 Decarbonising Ports & Harbours - Innovate UK KTN (ktn-uk.org) 

15 Dual Ports will enhance energy efficiency 

16 Port of Valencia – H2Ports / Fuel Cells and Hydrogen in Ports – World Port Sustainability Program (sustainableworldports.org) 

17 SHAPE UK (cleanport.uk) 

18 Large-Scale Green Hydrogen for the UK: Air Products and Associated British Ports partner on Renewable Hydrogen Production 

19 Hydrogen in Rotterdam | Port of Rotterdam 

20 Multi-year clean maritime demonstration competition - GOV.UK (www.gov.uk) 

21 Alstom Coradia iLint 

22 HydroFLEX Hydrogen-powered Train, United Kingdom (railway-technology.com) 

23 Linde Inaugurates World's First Hydrogen Refuelling System for Passenger Trainsuell 
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 Leveraging lessons learnt from road refuelling to support multi-modal refuelling. 

 Engage with ports to discuss and begin innovative developments for decarbonisation. 

 Support rail decarbonisation by integrating refuelling infrastructure for hydrogen train use. 

6.5 Assessment of co-located tri-modal activities 
This section of the report provides a comparison of typical infrastructure needed to enable sufficient 
refuelling for ports and rail to help gauge the scale and change required to decarbonise these sectors. 
 
 
 
 
 
 
 
 
 
 
 

6.5.1 Introduction 
It is possible to refuel multiple modes of transport provided there is sufficient hydrogen capacity for the 
delivery and storage at the hydrogen refuelling station. However, different modes of transport require 
specific dispenser requirements, varying hydrogen quantities, storage, hydrogen form; liquid and gaseous, 
and compression for gaseous hydrogen. Additionally, different modes of transport will require specific 
logistical and spatial considerations. 

6.5.2 Tri-modal approach 
Taking the approach of utilising a HRS to fuel end users in road, rail and marine sectors will present 
challenges.  
 
Utilising a single station for tri-modal hydrogen refuelling requires a clear understanding of the anticipated 
demand profiles of each mode of transport and how they may impact each other. The storage and 
compression modules would need to have enough capacity and time to refill the buffer tanks for any 
refuelling needs. Strict refuelling windows may need to be considered to ensure each end user’s needs are 
fulfilled. For example, depending on system sizing and hydrogen supply schedules, after refuelling a train 
there may not be enough hydrogen stored to fuel a tugboat or a heavy-duty vehicle. The process flows would 
need to be understood in detail to ensure system needs are met. 
 
A dual modal approach may be possible for rail and road as there could be benefits to refuelling cars, buses 
and other heavy vehicles near a train refuelling depot (if near a station) due to end user convenience, higher 
traffic and optimising parking spaces. In this case, hydrogen trains would provide anchor demand boosted by 
road vehicles demand. 
 
With regards to ports, it is possible to provide refuelling for ground transport vehicles at ports in addition to 
other road vehicles, however, it may not be feasible for other transport vehicles like boats and ships, due to 
their capacity and logistical requirements. Therefore, considering a hub and spoke approach (discussed in the 
following section) to ports is an option. Marine vessels will require substantial bunkering storage and space - 
a direct link to a hydrogen production facility e.g., pipeline will increase efficiency and reduce logistical 
challenges especially as demand grows with a large fleet of vessels.  
 
Road transport vehicles hydrogen refuelling demand is small in comparison to rail and marine refuelling 
demand, therefore it would make sense to anchor the hydrogen refuelling demand around heavy users (rail 
and marine) with an option for access to road vehicles to benefit from the refuelling infrastructure. The 

Key Points 
 Hydrogen refuelling development should be anchored around heavy users (rail and marine) with an 

option for access to road vehicles to benefit from the refuelling infrastructure.  
 When considering alternative transport modes, a broader multi-modal hydrogen refuelling view 

should be considered rather than simply tri-modal.  
 When considering multi-modal hydrogen refuelling, a hub and spoke approach is advantageous as 

this aggregates demand from multiple end users into a single supply hub for multiple refueller 
locations to provide economies of scale and system simplicity.  
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below example capacity considerations in Table 17 and Table 18 have been outlined to illustrate the 
increased hydrogen demand likely from ports and rail. 
 
Hydrogen refuelling for typical marine vessels such as a fishing vessel, cargo ship and a tugboat have been 
considered. Table 17 shows the typical fuel cell power requirements for each vessel type and the 
corresponding gaseous hydrogen volume required to operate for a single day and the likely spatial footprint 
required to site the storage. The footprint was calculated based on banks of hydrogen storage tanks at 500 
barg to allow pressure balance hydrogen refuelling at 350 barg. 
 

Table 17: Example marine vessel hydrogen demand 

Ship type Peak fuel 
cell power 
(mw) 

Average 
power 
applied 
(mw) 

Operating 
time 
(hours) 

Hydrogen 
storage on 
board (kg) 

Fc system 
weight (kg) 

Compresse
d hydrogen 
storage 
volume 
@350 barg 

(m
3
) 

Land 
footprint 
estimate 
@500 barg 
(m2) 

Small vessel 
– fishing, 
coastal 
survey 
operations or 
service craft.  

0.5 0.125  24 180 1000 7.67 26 

Medium Ro-
Ro Pax 
vessel. 
Carrying 
roughly 100 
vehicles and 
500-700 
passengers. 

10 5 12 3604 20000 153.4 364 

General 
cargo or 
offshore 
supply 
vessel.  

8 2.75 24 3964 16000 168.7 403 

 
With regards to rail, to provide an indication of additional capacity requirements we have taken a hydrogen 
refuelling example for a typical train operating between Aberdeen and Inverness, with a journey time of 2hrs 
15 minutes. Table 18 shows the amount of hydrogen required for the Aberdeen to Inverness train and the 
estimated footprint for storing the hydrogen required to refuel the two trains.  
 
Table 18: Example rail capacity needs 

Train route Trip length (km) Operating 
philosophy 

H2 Required 
(kg/day) 

Hydrogen 
Storage volume 
required @350 
barg (m3) 

Land footprint 
estimate @500 
barg (m2) 

Aberdeen to 
Inverness 

108 2 return trips per 
day including 
depot travel. 
Totalling to 432 
km 

150 6.23 (150 kg @ 
350 barg) 

26 
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6.5.3 Multi-modal refuelling considerations 
 
Marine 

Dispensing – Dispensing from a fuel bunkering module will be required.  For the dispensing of hydrogen 
from the bunker to the vessel, an appropriate hose and nozzle will be required. 

Bunkering - Hydrogen bunkering solutions are still at an early stage of development. Various possible 
solutions are being considered based on how hydrogen is stored on the ship; whether in compressed, liquid 
or solid form. Bunkering methods considered include shore-to-ship, ship-to-ship, truck-to-ship and tank 
changing. Bunkering operation and infrastructure of hydrogen ships present safety and logistical challenges.  

Spatial - The large volumes of hydrogen required for refuelling ships, combined with the low energy density 
of hydrogen are key issues contributing to the challenge. For small vessels, fuelling at 350 barg tanks used in 
HGVs could be implemented. Multiple nozzle hydrogen refuelling might be required to reduce the refuelling 
time of hydrogen vessels with on-board hydrogen storage. 
 
Rail 

Dispensing - a long pipe or hose will be required to connect the refuellers to the trains. Additional attaching/ 
detaching processes and related safety aspects will need to be considered. The refuelling nozzle and tanks for 
hydrogen trains will be like the 350 barg receptacle for HGVs. 

Compression - Higher pressure storage of 500 – 700 barg will be required to enable refuelling at 350 barg. 

Spatial - a hose long enough to reach the train from the dispenser will be required, the length of this hose will 
dictate additional separation distances to be considered from the end of the nozzle. In addition, depot 
infrastructure is required to operate a hydrogen train safely and successfully. This could be located elsewhere 
or co-located with the other refuelling equipment. This will include space for assets such as:  

 Maintenance shed – typically, 100m x 8.3m x 7m (L x W x H) 

 Servicing aprons – typically, 100m x 5m (L x W) 

 Depot accommodation & Ancillary infrastructure – 90m2 to include 2 accommodation buildings 
(office facilities, meeting rooms, mess room, kitchen, locker room and dry stores) 

 Hardstanding area – A space to accommodate deliveries related to train servicing and maintenance 
activities. 

 
Due to the challenges with accommodating for additional multi-modal end users using a hydrogen refuelling 
station, a hub and spoke approach may be more applicable to accommodate the multi-modal end users. 

6.5.4 Hub and spoke approach 
A hydrogen hub is a physically centralised green hydrogen production facility with capacity to integrate a 
number of hydrogen-based services. These services can include multi-modal transport refuelling as well as 
industrial processing facilities, gas network injection or gas fired power station decarbonisation. This concept 
is illustrated in Figure 8. 
 
The hub could include facilities for the production or receipt of large quantities of hydrogen, hydrogen 
compression, hydrogen storage at different pressure tiers required and provision for refuelling tube trailers, 
mobile refuellers or bowsers to deliver to the end user.  
 
The hub and spoke approach allows increased hydrogen demand to be aggregated and accommodated for in 
a single location, simplifying the system design and offering economic benefits as well as accommodating 
for the logistics and spatial considerations for each transport mode separately. Additionally, storing large 
quantities of hydrogen away from end users will increase safety of the systems. Whilst enabling non-
industrial end user refuelling facilities to be within the permitting and consenting boundaries of 2 tonnes. 
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It is important to note that the hub and spoke approach would be beneficial at early stages of deployment of 
hydrogen vehicles in the different modes of transport, reducing the risk associated with the initial capital cost 
due to low utilisation. However, as demand per mode of transport increases, the logistics of hydrogen 
transport out of the hub becomes prohibitive and dedicated refuelling infrastructure based at high demand 
points may need to be considered. Dedicated infrastructure to support high demand site could include on-site 
electrolytic hydrogen production or dedicated pipeline between production and demand sites. Table 
19compares the CAPEX and OPEX of transporting hydrogen via tube trailer and pipeline.  
 
In determining the most cost-effective solution for supplying hydrogen to demand sites including refuelling 
stations for the different modes of transport the following needs to be considered: 

 Size of daily hydrogen demand 

 Distance from hydrogen production site 

 Refueller site constraints in terms of space, road access, pipeline infrastructure, and electrical grid 
capacity (for on-site hydrogen production). 
 

Table 19: CAPEX and O&M for hydrogen transport options 
 

Capacity  

(tonnes H
2
) 

CAPEX 
1
 Annual O&M

 3
 

Compressed hydrogen 
(500barg) 

1.3 tonnes/ truck £1.4m / truck (including the 
truck and trailer) 

£0.1m 

Compressed hydrogen 
(50barg) 

95 tonnes/ day £0.4m / km £0.03m / km 

 

  

Hydrogen Production Facility 

Figure 8: Hydrogen hub approach illustration 
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6.6 Multi-fuel opportunities 
This section provides an overview of co-locating additional low carbon mobility solutions such as battery 
electric charging and/ or hydrogen-based derivatives such as ammonia, methanol or other sustainable fuels 
and their impact on a tri-modal solution. 
 

 

 

 

 

 

 

The number of zero emission vehicles, both BEV and FCEV are expected to continue to grow due to 
increased public awareness of energy and environmental issues. Small and light duty vehicles are expected to 
be mainly battery, while HGVs are expected to make up the majority of the demand for hydrogen road 
transport uses. In Aberdeen, as part of Aberdeen City Council’s hydrogen strategy, the number of hydrogen 
fuelled vehicles is forecast to increase. However, infrastructure for hydrogen production, transportation, and 
refuelling is essential for FCEV promotion. For consumers, availability of hydrogen refuelling stations is the 
primary concern.  

Existing public charging infrastructure for BEVs has more widespread coverage in the UK compared to 
infrastructure for hydrogen refuelling. In Aberdeen, there is an existing network of 9x Rapid chargers (50kW 
DC/ 43kW AC - capable of delivering an 80% charge in ~ 30 mins), 15x Fast chargers (22kW AC - capable 
of recharging a car fully in ~ 3 hours) and 5x Standard chargers (7kW AC - capable of recharging a car fully 
in ~ 6 hours). Please note these charging times are indicative and will change depending on the type of car 
used. Similarly, electric charging for battery trains using overhead catenary and charging at ports for battery 
marine vessels are being investigated and trialled.   

Table 20 summarises the opportunities and benefits of co-locating charging and liquid refuelling stations. 

Table 20: Summary of opportunities and benefits of co-locating charging and hydrogen refuelling stations 

Opportunity Rationale 

Infrastructure Sharing Land rent and grid connection cost benefits  

Maintenance facility sharing  

Systems integration Reduced power network reinforcement cost 

Increased system redundancy 

System operation optimisation  

Enhanced Convenience Enables end users to easily switch between technology 
depending on preference 

Futureproofing Flexible and adaptable infrastructure in face of changing 
market trends.  

Allows future modification and/or expansion to accommodate 
emerging technologies based on end user preferences without 
incurring similar capital investment.  

Foster local learning and skills development across a range of 
emerging technologies. 

Location/ Proximity to end users Co-locate facility at: 

 High traffic areas – Attract large customer base. 

Key Points 
 Co-locating BEV charging and liquid refuelling provides the following opportunities: 

Infrastructure Sharing; Systems Integration; Enhanced Convenience and Future Proofing. 
 Hydrogen derived fuels or other sustainable fuels will be supplied from off-site due to the variety 

and complexity of the processes required to derive the fuel. 
 Green methanol, liquid hydrogen and ammonia are anticipated to be major sustainable fuelling 

solutions to aid the marine sector to meet their 2050 decarbonisation ambitions.  
 Biodiesel, HVO and biobutanol can potentially be blended with existing diesel engine trains and 

trucks to alleviate emissions. 
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Opportunity Rationale 

 Public transportation hubs – Easier to decarbonise public 
transport. 

 Corporate facilities – Incentivise companies to transition 
to alternative fuel vehicles. 

 Multi-use facilities – Re-purpose petrol/ diesel stations  

 Renewable energy generation sites – Make use of 
sustainable energy generation for refuelling/ recharging 
needs. 

 R&D centres – Promote knowledge sharing throughout 
industry. Accelerate advancements. 

 

Several fuels can be derived from hydrogen such as those outlined below: 

 Synthetic Natural Gas – Hydrogen combined with carbon dioxide or carbon monoxide through the 
methanation process. 

 Ammonia – Hydrogen combined with nitrogen through the Haber-Bosch process. 

 Methanol – Hydrogen combined with carbon dioxide or carbon monoxide. 

 Dimethyl Ether (DME) – Diesel alternative produced from hydrogen and carbon dioxide. 

 Synthetic liquid fuels – Hydrogen combined with carbon from various sources to produce synthetic 
hydrocarbon fuels also called e-fuels. 

Figure 9 illustrates the processes behind some of the key hydrogen derived fuels. 

 

Figure 9: Hydrogen derived fuel pathways 

 
When co-locating hydrogen derived fuels with hydrogen refuelling stations and/or electric charging stations, 
it’s likely hydrogen derived fuels or other sustainable fuels will be supplied from off-site due to the variety 
and complexity of the processes required to derive the fuel.  

Consideration should be made to which fuels should be included in co-location stations depending on their 
location and proximity to different end uses. This is due to some fuels being more suited to specific transport 
applications due to their properties. For example, methanol may be better included in co-location facilities 
which are closer to ports as methanol is expected to be a potential sustainable fuel option for marine shipping 
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applications. Additionally, all alternative fuels will require modifications to existing infrastructure prior to 
use, some may require entirely new infrastructure dependent on specific fuel characteristics, storage space 
required and their refuelling methods. 

6.6.1 Ports 
There is an opportunity to collaborate with ports to provide refuelling solutions early on. Green methanol, 
liquid hydrogen and ammonia are anticipated to be major sustainable fuelling solutions to aid the marine 
sector to meet their 2050 decarbonisation ambitions. Additionally, bio-based sustainable fuels are likely to 
act as a drop-in fuel for some modes of marine transport due to their high compatibility with existing 
infrastructure and propulsion systems.  

6.6.2 Rail 
There is an opportunity to collaborate with rail stakeholders to provide decarbonisation in areas with a lack 
of electric infrastructure. Alternative fuels such as biodiesel, Hydrotreated Vegetable Oil (HVO) and 
biobutanol can potentially be blended with existing diesel engine trains to alleviate emissions. These fuels 
can take advantage of existing infrastructure but still produce greenhouse gases – they are not Net Zero 
fuelling options. 
 
The following safety considerations should be taken when designing a multi-fuel refuelling facility including 
hydrogen with electric charging 24or liquid fuels25:  

 The design of the hydrogen refuelling facility will need to take into consideration the proximity of 
BEV charging and the need to put in the necessary infrastructure to mitigate any risks. BEV charging 
should be located ‘outside of any hazardous areas; temporary or permanent, and this needs to be 
considered in relation to the hydrogen storage facilities at the station.  

 Separation of BEV charging bays and HGV parking and manoeuvring to provide a greater level of 
separation and reduce the risk. 

 Separation of any above-ground fuel storage tanks or LPG, vents and filling operations from 
hydrogen storage or compression equipment.  

 Forecourt should be designed with drainage and/ or kerb lines to prevent any spillage from entering 
areas used for hydrogen storage or dispensing.  

 Hydrogen and other fuels delivery should be managed to ensure no offloading of hydrogen be 
carried at the same time as offloading other fuels on site unless sufficient separation distances are 
maintained (25m). 

 Inclusion of customer facilities such as toilets, food retail or waiting areas on the site specially for 
stations with BEV charging. 

 
 
 
 
 
 
 
 
 
 
 
 

 

24 Electric Vehicle Charging Installations at Filling Stations, IET, 2020 

25 Guidance on hydrogen delivery systems for refuelling of motor vehicles, co-located with petrol refuelling stations, 2017 
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7 Deliverability Considerations 
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7.1 Case study design – demountable design opportunity 
This section outlines the hydrogen refuelling station equipment that could be demountable i.e., relatively 
easy to remove and transport and provides considerations for the benefits and challenges of this. 

Demountable equipment is equipment that can be removed and easily transported. With regards to the HRS 
concept design, this includes the process equipment required in the equipment list in Section 7.1.1. Most of 
the equipment used in the design is modular itself, meaning equipment are developed and packaged as 
modules by the manufacturers to be installed and integrated with other components within their relevant 
module at the refueler site. The modular nature of the equipment means that the process equipment is 
inherently demountable and could in theory be removed and transported for installation to a new location. 
The demountability of HRS equipment has been previously demonstrated by projects such as the Levermoth 
Community Energy Project and others. 

Due to uncertainty of hydrogen demand at the proposed locations, it would be advantageous to identify 
equipment that could be temporarily installed. This may provide a cost benefit over permanently installing 
equipment by allowing the equipment to be refurbished and sold on or relocated to an alternative refuelling 
site.  

The following subsections explore the potential of demountable equipment as part of the modular refueler 
design in more detail. 

7.1.1 Identification of concept design demountable equipment 
The HRS equipment was reviewed to determine which key sub-system or components could be integrated 
into the system design with demountability in mind. A summary of the demountability of individual units 
within the modular refueler design is presented in Table 21. 
 
Table 21: Review of key component demountability 

Equipment 
unit 

Model Demountability description Image 

Low pressure 
compressor 

PDC-1326 Compressors are supplied skid 
mounted from the vendor. They are 
also commissioned by the vendor and 
delivered as ‘plug-and-play’ units.  

To avoid issues related to vibration, 
the skid could be mounted on a 
concrete pedestal. The concrete 
pedestal may not be movable and 
would therefore need to be built in 
the new location, if required. 

  

High pressure 
compressor 

Maximator H227 The high-pressure compressors are 
supplied as customisable and flexible 
packaged units. It would be possible 
to create a tailored solution that could 
be temporarily installed and removed 
if required.  

 

 

26 https://www.betamachinery.com/assets/pdfs/Technical_Articles/Optimized_Skid_Design_for_Compressor_Packages.pdf  

27 https://www.maximator.co.uk/hydrogen/max-h2/ 
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Equipment 
unit 

Model Demountability description Image 

Compressor 
Chiller 

LAUDA 
Ultracool28 

The chiller is supplied as a packaged 
unit. They weigh up to approximately 
440kg. The shape of the chiller would 
likely be simple to lift with a forklift 
or telehandler.  

 

Light Duty 
Heat 
Exchanger & 
Chiller 

LAUDA SUK 
350 L29 

The chiller can be supplied as a 
packaged unit which can be moved 
easily. The units will require lorry 
delivery based on their size.  

 

H2 Storage 
Cylinders 

Chesterfield 
Special 

Type 1 steel cylinders commonly 
used for hydrogen storage are 
delivered by vendors in storage banks 
which are an array of multiple tanks. 
These storage banks are unlikely to 
require concrete pedestal mountings. 

 

Air 
compressor 
package 

Avelair - evo 
2.230 

The air compression package is 
roughly 1 cubic metre in size and 
weighs 240-350kg depending on 
model, suggesting it should be easily 
movable. 

 

 

 
 
 
 
 
 
 
 

 

28 https://ss-usa.s3.amazonaws.com/c/308441265/media/167762fe8adbe1b3f82647791337166/LAUDA%20Ultracool%20EN%20web.pdf 

29 https://www.lauda.de/en/individual-temperature-control-systems/industrial-heating-and-cooling-systems/process-cooling-systems 

30 https://avelair.co.uk/wp-content/uploads/2022/12/90505-Avelair-Data-Sheets-Redesign_2.2_7.5_v4.pdf  
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7.1.2 Mobile hydrogen refuelling solutions  
For locations with considerably lower hydrogen demand, mobile refuelling solutions could be considered. 
Mobile refuellers operate similarly to a refuelling station but on a much smaller scale – mobile refuelling 
options are outlined in Table 22. 

The solutions presented in Table 22 provide operational flexibility by enabling multiple remote sites to be 
refuelled without the need for substantial permanent infrastructure. This is particularly suited to temporary 
refuelling requirements e.g., construction sites with hydrogen equipment or remote agricultural sites. 

Mobile refuellers have the advantage of not requiring additional onsite infrastructure or supporting 
equipment (compressors and hydrogen storage tanks) to operate. However, they would require the 
appropriate spatial requirements for vehicle manoeuvring, vehicle refuelling and property boundary 
separation distances.  

In addition, the mobile refuelling units could be integrated with the standardised HRS concept presented in 
this report to support extra hydrogen demand sources. This could also help incentivise the agricultural 
industry to decarbonise their vehicles with hydrogen alternatives if a ready supply of fuel can be provided.  

Table 22: Mobile hydrogen refuelling units 

Model Capacity Description Image 

Nano-Sun 
Pioneer 14531 

420kg (200-
250kg usable) at 
420 barg 

Refuelling time range of 10–13 min 

Dispensing pressure of 350 barg,  

For example, it can refuel 60 delivery 
vans of 5 kg storage capacity.  

 

 

JCB Bowser32 100 kg at 500 
barg 

Refuelling time comparable to diesel 
alternatives 

Dispensing pressure of 350barg 

JCB refuelling units can refuel a JCB 
machine up to 16 times before 
needing to be recharged. 

 

Commercial 
Fuel 
Solutions 
H35 
Hydrogen 
Bowser33 

63kg  

 

Hydrogen bowser that can be 
mounted on a trailer and transported. 

Dispensing pressure of 350barg 

 

 

 

31 Pioneer Hydrogen Refuelling Station (HRS) | NanoSUN 

32 https://h2-international.com/2023/06/19/jcb-reaches-hydrogen-
landmark/#:~:text=The%20bowser%20carries%20100%20kilograms,tractor%20or%20on%20a%20trailer  

33 https://commercialfuelsolutions.co.uk/new-mobile-hydrogen-bowser-from-commercial-fuel-solutions  
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7.1.3 Demountability analysis 
Section 7.1.1 outlines the equipment considered for demountability within the standardised HRS concept 
design. While the equipment itself is demountable, there are several ancillary systems required to be installed 
permanently to enable the modular refueller concept to operate. 

Ancillary Systems Required 

For each refuelling station design, the following ancillary systems will be required to be installed 
permanently as it is not technically feasible or economic to make these systems demountable (Please note 
this list is not exhaustive):  

 

These items are site specific and will require bespoke design, regardless of whether demountable equipment 
is used or not. The design of each site could therefore be adapted to accommodate demountable equipment 
without a major impact on schedule or cost. The areas likely to be impacted the most by changing to 
accommodate demountable equipment are the site layout and the piping design. 

Allowances for lifting and transportation plant access would need to be included in the layout to ensure that 
equipment can be installed and removed safely. Similarly, additional space for personnel access and egress 
will be required around the demountable units to enable installation and easy removal. Overall, this will 
result in a more distributed layout, which will impact the site piping design. It is unlikely that the site 
footprint will be greatly impacted, as the primary spatial driver is vehicle access and manoeuvring 
requirements, not the system equipment. In summary, demountable equipment may increase the footprint of 
the process plant but is unlikely to impact on the overall footprint of the refueller site. 

Site piping will be affected by a demountable design. It is likely that greater lengths of pipe will be required 
to connect process units, which will be distributed further from each other than an optimal permanently fixed 
design to accommodate additional space for access to enable installation and removal of the equipment. 
Additional access space will need to be considered in piping routeing. This in turn impacts cost and may 
change the design of the piping slightly to accommodate longer spans. Piping design will need to consider 
how the connections can be isolated and purged in a demountable design when equipment is removed, this 
could result in an additional requirement for valves which would increase costs. Neither of these impacts are 
expected to be significant to the overall project as piping design, material and construction costs are 
relatively minor in comparison with the capital cost of the refueller.  

  

Site Civil Engineering works, including but not limited to:

•Site foundations
•Retaining walls
•Demountable equipment bases
•Road access
•Drainage

Utility connections such as:

•Power cables
•Water pipes
•SCADA controls and interfaces

Site security:

•Fences
•Access control

Refuelling station interconnections:

•Piping
•Cables
•Sensors
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Transportation of Equipment 

Table 23 outlines the demountable equipment sizes, these are all large, heavy units therefore, to move the 
equipment, lifting plant will be required. The process units can all be containerised, or skid mounted. None 
of the equipment is categorised as an ‘abnormal load’ via transportation on standard 44 tonne HGVs.  

Table 23: Demountable equipment sizes and weights 

Equipment Quantity Weight per item Size 

500 barg hydrogen 
compressors 

2 3,000 kg 4.6 m x 2.1 m 

500 barg hydrogen 
compressor chillers 

2 630 kg 1.5 m x 2.1 m 

500 barg hydrogen storage 
bank (9 type I cylinders) 

6 >5,000 kg 20-foot ISO container 

900 barg hydrogen 
compressors 

2 3,000 kg 4.6 m x 2.1 m 

900 barg hydrogen 
compressor chillers 

2 630 kg 1.5 m x 2.1 m 

900 barg hydrogen storage 
bank (11 type I cylinders) 

5 > 2,000 kg 2.0 m x 1.2 m 

Dispensers 2 500 kg 1.5 m x 1.1 m 

Control room 1 2,250kg (container weight) 20-foot ISO container 

Electrical room 1 2,250kg (container weight) 20-foot ISO container 

Plant air compressor 1 350 kg 2.6 m x 1.4 m 

Dispenser HEX 1 1,500 kg 2.0 m x 2.0 m 

 

The number of HGV journeys required to transport the equipment (listed in Table 23) between sites has been 
estimated based on the equipment footprints. This is summarised in Figure 10. The number of journeys is 
expressed in the number of whole HGVs required to transport the equipment, this could be split between 
distinct HGV tractor units or one unit making return trips.  

 

Figure 10: Summary of estimated number of HGV journeys required to transport demountable equipment between 
sites. 

 
Figure 10 shows that transportation of equipment between sites requires careful coordination to ensure 
deliveries between sites are completed on time. Moreover, the transportation costs would increase OPEX 
over time – greater number of journeys, the greater the overall OPEX.  
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Removing and transporting equipment also introduces additional risk of potentially damaging the equipment 
during transportation. Operational risks at individual stations are also introduced, as the likelihood of 
improper installation could increase as the frequency of installation increases. Furthermore, slight variations 
in set up between each site could potentially result in operational inefficiencies or damage to equipment.  

Overall, the transportation of equipment will be challenging logistically and could result in periods of down 
time outside of scheduled outages, where no hydrogen can be delivered from any refueller site while 
equipment is moved between sites, unless some key equipment is duplicated. This would result in a loss of 
revenue and could potentially impact the reputation of the scheme as customers may be left without the 
ability to refuel during unplanned outages. 

7.1.4 Benefits of demountability 
Including demountability in the design of the modular HRS concept would potentially allow the Councils to 
study the demand at each of the proposed refueller locations at a reduced cost compared to permanently 
installing the equipment at each location. This could reduce the risk of regret cost if a site is selected but the 
actual demand falls short of forecasts. Although mitigation of this risk is limited to the process equipment 
itself, as the sites will require ancillary systems as highlighted in Section 30. The ancillary system design will 
be site specific and will come with considerable design and construction cost.  

Considering the process equipment cost estimate in Section 3.6, the opportunity to avoid duplicating process 
equipment costs (estimated between £5.6-7.4 M) while demand at each location is tested is an attractive 
option. This strategy would enable the cost of equipment to be matched to the demand profile build up and 
spread over time, which would reduce the cost of financing the project. Furthermore, while some regret costs 
would remain for decommissioning specific equipment following a trial period, these regret costs would be 
greatly reduced using a demountable strategy as the process equipment would not be stranded with the 
unsuccessful site. 

A demountable strategy introduces additional operational risks which would require careful monitoring if 
this strategy were adopted for the project. The likelihood of damage to equipment, improper installation or 
inefficient operation would likely increase with a demountable strategy compared to a permanent site and 
should be carefully managed to avoid impacts to revenue, reputation, health and safety. 

If a demountable strategy is to be pursued, it is recommended that the following next steps be taken to 
further explore its potential: 

1. Detailed review of the site-specific development costs - Frame the potential cost benefits of a 
demountable strategy compared with the alternative permanent HRS strategy considering a phased 
development approach.  

2. Develop a strategy and schedule for equipment deployment – Forecast use of the equipment 
across the proposed sites based on forecasted demand in each of the areas. 

3. Develop a project logistics strategy – Strategically enable the efficient demounting, transport and 
installation of the equipment between the sites. 

4. Develop a monitoring and reporting strategy - for the trial period at each of the sites to ensure that 
demand data at each site is collected effectively to inform a decision making on a further roll out of 
process equipment to be installed permanently at each site.  
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7.2 Deliverability considerations 
This section of the report outlines the deliverability issues that can be expected when installing a hydrogen 
refuelling station. 
  
Constructability of the Concept Design 
The following needs to be considered in the constructability of the HRS design: 
Site Access  

 Suitable roads to access the site and transport equipment within the site will be required.  Need to 
consider any offsite highway improvements due to the change in use. 

 Traffic impact analysis for surrounding areas. Some road closures may be required for transport of 
construction equipment onto the site. 

Site Investigation  

 Geotechnical, physical constraints, any existing services that need realigned, any contamination/prior 
site use constraints leading to remedial works requirements. 

Ground works 

 Ground works will be required to secure foundations for the facility, the extent of the groundwork 
will be dependent on the site topography and inclination, prior use, underlying ground conditions, 
any contamination etc issued found during Site Investigation. 

 Groundworks must account for the maximum forces to be exerted during the full lifecycle of the 
project. 

Utility connections 

 Electricity connection will be required to provide electricity to power the HRS equipment. The local 
electrical network and substation need to be assessed for headroom and any required upgrades to 
accommodate demand. 

 Temporary power generation may be required during construction. This may cause noise issues with 
neighbouring sites e.g., residential areas. 

 Water connection for comfort facilities during construction. 

 Utility connections may disrupt the local area (road closures etc). 

Construction spatial requirements 

 Construction welfare units, equipment and material laydown areas. The construction spaces will also 
need to be considered for the planning application.  

 Construction activities should be planned and undertaken accounting for neighbouring site plots and 
facilities. Construction access needs to be considered within workable limitations of each specific 
site. 

Order of equipment installation 

 Following groundworks, site drainage (including interceptor tanks) and utility connections, concrete 
slabs/foundations will be required for key equipment. 

 Construction of civils infrastructure such as canopies, operator kiosk(s), plant control buildings (if 
necessary) 

 Installation of containers for key equipment items. 

Pipework and electrical networks 
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 Following installation of key components, interconnecting pipework between components and 
electrical network supply is installed and tested. 

Operating civils infrastructure  

 Security systems, fencing and compounds, barrier systems, soft landscaping. 

 Potential for contaminated fluid leaks from vehicles e.g., oil will require hard standings, asphalt 
surfacing. 

Commissioning 

 Key equipment can be commissioned following delivery and setup to site. 

 Final commissioning of the site will determine if the facility is ready for operation. 

 
Key Equipment Procurement Lead Times 
The key equipment procurement lead times have been outlined in section 3.8. For larger scale refuellers 
which require more storage and higher rated compressors, a greater lead time can be expected due to 
increased demand. For some larger scale compressors, a lead time of 24 months can be expected. 
  
Availability of skilled labour 
Suitably qualified labour will be needed during the construction, commissioning and operation of the 
refueller. The following roles and responsibilities will be required:  

 Site manager and coordination team will be required to ensure that installation and construction 
activities are well coordinated and carried out in a suitable safe manner. 

 Contractors will be required to install equipment and connect pipework, electrical lines. 

 A lifting company will be required to crane lift heavy components. 

 Maintenance service 

 Operator - An on-site operator may be required depending on the operating philosophy and 
refuelling station size. 

 
The majority of this expertise is available in Scotland. Deliverability issues are likely to include scheduling 
of work and ensuring adequate health and safety precautions are mitigated, reviewed and communicated. 
 
Planning and regulatory consents 
As outlined in Section 7 the following key consents may be required to construct and operate a Hydrogen 
Refuelling Station. This is not an exhaustive list and should be revisited as details of any proposed project 
and project location progress. 
 

 Planning Permission – The undertaking of development works under the Town and Country 
Planning (Scotland) Act 1997 require a grant of planning permission. The Local Planning Authority 
has a statutory determination target of two months for development proposals under 2 Ha in size 
(local developments), and four months for development proposals with a site area of 2 Ha or more 
(major developments). In practice major developments usually exceed this target and a five- or six-
month determination period is more typical. As part of the planning process, and pre-application 
discussions, to determine whether the type, nature and scale of the project requires a full EIA 
screening may be required under the Town and Country Planning (Environmental Impact 
Assessment) (Scotland) Regulations 2017. This should be considered in detail as details of any 
proposed project emerge. The preparation of a full EIA can take between 18 – 24 months. 

 Hazardous Substances Consent – Sites which want to hold certain quantities of hazardous substances 
at, or above defined limits must obtain hazardous substance consent in accordance with the Planning 
(Hazardous Substances) (Scotland) Act 1997 and the Town and Country Planning (Hazardous 
Substances) (Scotland) Regulations 2015. The Local Planning Authority has a statutory 
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determination target of two months for Hazardous Substances Consent applications. Current 
experience is that for applications relating to hydrogen production, storage and/or distribution this 
can take considerably longer. 

 COMAH – The Control of Major Accident Hazards Regulations 2015 are applicable to any 
establishment storing, or otherwise handling, large quantities of chemicals or substances of a 
hazardous nature. Hydrogen is a named dangerous substance under COMAH regulations. The 
controlled quantity of Hydrogen for the COMAH Regulations is 5 tonnes for the Lower Tier and 50 
tonnes for the Upper Tier. The Health and Safety Executive aims to determine applications between 
three to six months from submission. Current experience is that for applications relating to hydrogen 
production, storage and/or distribution this can take considerably longer. 

 Gas Act – Licencing – The Gas Act 1986 (as amended) prohibit certain activities unless the person 
carrying on that activity is licensed (see Section 7). No statutory determination period. 

 
Utilities 

 Hydrogen supply – Prior to construction, a supply of hydrogen will need to be secured. The method, 
quantity and frequency of delivery will need to be outlined and agreed. A key deliverability issue for 
hydrogen supply will include competing for the hydrogen with other potential use cases and ensuring 
the hydrogen supply project timescales suit the deployment of the hydrogen refuelling station. 

 
 Electric Connection – Grid connection application can take time to process. Suitable amount of time 

needs to be accommodated during the project planning. Power will be required during the 
construction. 

 
 Water and Sewage Connection – Limited deliverability issues due to the relatively small quantities 

of water required. However, this may depend on site. Water connection will be required for 
construction. 

7.3 Concept hydrogen refuelling station risk review 
This section of the report provides an overview of the technical and business risks associated with the future 
development of the project and where possible the mitigation strategies that could be adopted. 
 
Technical & business risks 
Table 24 provides a high-level overview of the risks that may apply to the concept design. 
 
Table 24: Technical Risk Register 

Risk type Risk description Impact description Mitigation strategy 

Technical Hydrogen vehicle demand 
substantially reduces or lower 
than forecasted 

 HRS under-utilised. Likely to 
encounter maintenance 
issues. 

 Business case for operating 
the facility will be negatively 
affected.  

 Modular design with 
demountable equipment. 

 Regular engagement with 
likely consumers to 
determine expected hydrogen 
demand and potential 
changes to forecast. 

 Engagement with likely 
customers to increase 
confidence in hydrogen 
supply and encourage 
vehicles off-take. 

Technical Hydrogen vehicle demand 
substantially increases or 
higher than forecast 

 HRS over utilised.  

 Operating philosophy will 
need to change.  

 HRS will require upgrade. 

 Modular design with 
demountable equipment. 

 Regular engagement with 
likely consumers to 
determine expected hydrogen 
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Risk type Risk description Impact description Mitigation strategy 

demand and potential 
changes to forecast. 

Technical High demand for back-to-
back refuelling resulting in 
refueller downtime 

 Users can’t refuel with 
hydrogen at the dispenser. 

 Reduced perception of 
convenience for hydrogen. 

 Review of refuelling patterns 
and develop a realistic 
refuelling profile. 

 Adjust operating strategy to 
enable increased back-to-
back refuelling capacity. 

 Design and size the HRS to 
manage the anticipated 
demand 

Technical Low hydrogen purity 
supplied via tube trailer 

 Contamination of the HRS 
equipment 

 Damage to the fuel cells on 
users’ vehicles.  

 Ensure purity of hydrogen 
supply through regular 
sampling and testing. 

 Terms and conditions with 
hydrogen suppliers to ensure 
clear liability for hydrogen 
purity.  

Technical Compressor failure  Unable to receive hydrogen 
from tube trailer delivery. 

 Unable to re-pressurise 
hydrogen buffer storage 

 Increase system redundancy 
to reduce downtime. 

 Regular compressor 
maintenance. 

 Develop a comprehensive 
planned maintenance 
schedule. 

 Provide training to operators 
to keep updated with relevant 
safety practices and 
equipment operation. 

Technical Dispenser failure  Unable to dispense hydrogen 
to end users. 

 Reduced perception of 
convenience for hydrogen 

 Regular dispenser 
maintenance. 

 Develop a comprehensive 
planned maintenance 
schedule. 

 Provide training to operators 
to keep updated with relevant 
safety practices and 
equipment operation. 

Technical Hydrogen compressor air 
intake 

 Internal burn or explosion 
causing equipment and 
property damage. 

 Regular equipment checks for 
potential leak. 

 Implement an emergency 
shutdown system to isolate 
the compressor in case of air 
intake. 

  

Technical Vehicle refuelling hydrogen 
leak 

 Potential of fire or explosion 
and damage to people or 
equipment. 

 Implement continuous leak 
monitors and alarm systems. 

 Install appropriate ventilation 
systems. 

 Use safety interlock systems 
to ensure system shutdown in 
the event of hydrogen leak. 
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Risk type Risk description Impact description Mitigation strategy 

Safety Risk of fire and explosion  Damage to persons and 
equipment. 

 Reduced perception of 
hydrogen safety 

 Implement appropriate safety 
protocols. 

 Install hydrogen gas detection 
systems. 

 Install appropriate ventilation 
systems. 

 Develop emergency response 
plans. 

Safety Risk of over pressure  Damage to persons and 
equipment due to explosion 
or objects projectile. 

 

 Install and maintain properly 
sized pressure relief valves. 

 Implement continuous 
pressure monitors and alarm 
systems. 

 Install appropriate ventilation 
systems. 

 Use safety interlock systems 
to ensure system shutdown in 
the event of overpressure. 

Safety Hydrogen embrittlement  Potential hydrogen leakage 
leading to fire or explosion 
risk.  

 Damage to persons and 
equipment. 

 Use components and 
materials that are less 
susceptible to hydrogen 
embrittlement. 

 

Safety  Hydrogen storage leak  Potential fire or explosion 
resulting in damage to 
persons and equipment. 

 Loss of hydrogen. 

 Implement continuous leak 
monitors and alarm systems. 

 Install appropriate ventilation 
systems. 

 Use safety interlock systems 
to ensure system shutdown in 
the event of hydrogen leak. 

 

Safety Vehicle crashing into the 
refuelling system 

 Damage to persons and 
equipment. 

 Hydrogen leak 

 Designate appropriate space 
for vehicle manoeuvring. 

 Speed limits and signage. 

 Limit articulated vehicle 
reversing. 

 Barriers/ bollards to protect 
equipment from potential 
collision. 

Business High initial capital costs  Risk of investment  Comprehensive 
understanding of the business 
case and expected return of 
investment 

Business Supply chain reliability – 
inconsistent or unreliable 
supply of hydrogen 

 Unable to operate HRS to 
provide hydrogen to 
customers 

 Diversify hydrogen suppliers 
and hydrogen transport 
methods. 

 Back up supply agreements 

 Consider on-site hydrogen 
production  
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Risk type Risk description Impact description Mitigation strategy 

Business Reduction in hydrogen sales 
due to limited consumer 
adoption 

 Reduced economic viability 
of the hydrogen refuelling 
station 

 Conduct a market analysis to 
assess the demand for 
hydrogen in the region and 
develop a realistic revenue 
projection. 

 Develop contingency plans 
for facility or equipment use. 

 Future proof the refuelling 
infrastructure to address 
several multi-fuel refuelling 
options. 

Business Hydrogen is not cost 
competitive with alternative 
vehicle fuels 

 Reduced economic viability 
of the hydrogen refuelling 
station 

 Explore government grants, 
incentives or subsidies to 
offset costs. 

 Future proof the refuelling 
infrastructure to address 
several multi-fuel refuelling 
options. 

Business Market uncertainty  Reduced economic viability 
of the hydrogen refuelling 
station 

 Collaborate with stakeholders 
to promote hydrogen 
adoption and secure supply 
and offtaker agreements. 

 Develop contingency plans 
for facility or equipment us 

Business Competition to refuel 
commercial vehicles from 
private companies and other 
logistics hubs 

 Reduced use of refueller  Design the refuelling station 
based on secured anchor 
demand from the council’s 
fleet. 

 Collaborate with stakeholders 
to promote hydrogen 
adoption and secure supply 
and offtaker agreements. 

Business Advances in technology 
renders existing infrastructure 
outdated 

 Inefficient and costly 
infrastructure 

 Carry out a market 
technology assessment within 
the design process. 

 Keep informed of 
technological advancements. 
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Appendix A: Typical hydrogen tank capacity per vehicle 
type 

 

Table 25: Typical hydrogen tank capacity per vehicle type 

Vehicle Reference Hydrogen tank 
capacity (kg) 

Hydrogen tank 
pressure (barg) 

Refuel time 
(min) 

Range (miles) 

Car Toyota Mirai34 5 700 3 300 

SUV Hyundai Nexo35 6.3 700 5 414 

Van Vauxhall Vivaro-
E battery and 
hydrogen fuel cell 
van36 

5.6 700 3 249 

Waste Truck HECTOR FCEV 
waste truck37 

20 350 8 120 

Bus Van Hool Fuel 
Cell H2 bus 

45 350 12 260 

Rigid Truck XCIENT38 31.5 350 8-20 248 

Articulated Truck Nikola Hydrogen 
Truck39 

70 700 20 500 

 

  

 

34 Toyota Mirai | Explore the Latest Range | Toyota UK 

3535 Hyundai NEXO | Features | Hyundai Motor UK 

36 Vauxhall Vivaro Electric | Hydrogen | Vauxhall 

37 hector_pre-operation-handbook_final.pdf (nweurope.eu) 

38 Xcient | HYUNDAI Truck & Bus 

39 TRE FCEV - Nikola FCEV-Innovating Today for a Sustainable Tomorrow (nikolamotor.com) 
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Appendix B: Hydrogen refuelling station system 
requirement 

Table 26: Hydrogen refuelling station system level requirements 

Parent requirement System requirements 

Shall receive low carbon hydrogen from an off-site production 
plant. 

 The system shall procure low hydrogen from a supplier to be 
delivered to site via tube trailer. 

 The system shall define the hydrogen properties to be delivered 
to the refueler in terms of purity and pressure. 

 The system shall define the quantity and timings of hydrogen 
delivery. 

 The system shall have a method to receive hydrogen. 

Shall provide hydrogen for FCEVs.  The system shall provide hydrogen refuelling over 25 years. 

 The system shall provide hydrogen at the required pressures 
for FCEVs. 

 The system shall meet the project demand profile and 
refuelling pattern. 

 The system shall be available to provide hydrogen 12 
hours/day. 

 The system shall be available 96% of the time across a year. 

Shall be safe for public use.  The system shall comply with the relevant fuelling standards 
and regulations. 

 The system shall comply with the relevant equipment and 
infrastructure standards and regulations. 

 The system shall comply with the relevant hydrogen storage 
standards and regulations. 

 The system shall comply with vehicle movement standards and 
regulations. 

 The system will comply with safety distances related to 
hydrogen storage and handling. 

Shall compress green hydrogen to required vehicle pressures.  The system shall compress hydrogen from tube trailer pressure 
up to required dispenser pressure. 

Shall have hydrogen storage capacity to maintain t operation 
schedule and refueler availability 

 The system shall ensure several storage pressures to enable 350 
and 700 barg delivery pressures. 

 The system shall ensure back up supply of hydrogen for 72 
hours assuming average demand profile. 

Shall dispense hydrogen at both 300 barg and 750barg.  The system shall dispense hydrogen at 350 barg. 

 The system shall dispense hydrogen at 700 barg. 

 The system shall enable multiple simultaneous vehicle 
refuelling 

Shall allow back-to-back refuelling  The system will allow back-to-back refuelling of hydrogen 
vehicles from each dispenser up to a defined capacity. 

Shall enable customers to pay for low carbon hydrogen for 
vehicular use. 

 The system shall provide a method to pay for hydrogen. 
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Parent requirement System requirements 

Shall provide forecourt layout including vehicle manoeuvre 
and all-weather canopy 

 The system shall consider layout design for vehicle manoeuvre 
and flow in and out the forecourt. 

 The system shall consider layout design for tankers movement 
for hydrogen tube trailer delivery. 

 The system shall provide a design of an all-weather canopy to 
meet the refuelling standards  
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Appendix C: Standards and regulations 

Common standards and protocols used in design for hydrogen refuelling infrastructure can be found in the 
below table.  

Table 27: Common standards and protocols for hydrogen refuelling infrastructure 

Document number Title 

ISO 19880-1:2020 Gaseous hydrogen – fuelling stations – part 1: general 
requirements 

ISO/AWI 13984 Liquid hydrogen land vehicle fuelling protocol 

BCGA guidance note 41 Separation distances in the gases industry 

API 520 Pressure relieving and depressurising systems 

API 521 Sizing, selection and installation of pressure-relieving devices 

BS EN ISO 4126-7:2013+A1:2016 Safety devices for protection against excessive pressure - 
Common data 

ANSI/ISA-75.01.01 (IEC 60534-2-1 Mod)-2007 Flow equations for sizing control valves 

ASME B31.3 Process Piping (Base Code) Chapter IX 

High Pressure Piping (Chapter IX) 

ASME Section VIII, Div. 1 Pressure vessels 

API 618 Reciprocating Compressors for Petroleum, Chemical, and Gas 
Industry Services 

ASME B31.12-2019 Hydrogen Piping and Pipelines 

ISO 11120:2015 Gas cylinders — Refillable seamless steel tubes of water 
capacity between 150 l and 3000 l — Design, construction and 
testing 

ISO 9809-3:2019 Gas cylinders — Design, construction and testing of refillable 
seamless steel gas cylinders and tubes — Part 3: Normalized 
steel cylinders and tubes 

BS EN 1964-1:2000 

 

Transportable gas cylinders. Specification for the design and 
construction of refillable transportable seamless steel gas 
cylinders of water capacities from 0,5 litre up to and including 
150 litres - Cylinders made of seamless steel with an Rm value 
of less than 1100 MPa 

ISO 9001:2015 Quality management systems — Requirements 
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Appendix D: Safety distances 

For the purposes of the standardised HRS concept design, NFPA 2020 requirements have been used. 
 
Table 28 outlines the minimum distances recommended by BCGA CP 33 and the last 2 revisions of the 
relevant NFPA codes. It can be observed that adopting the BCGA safety distance requirements would 
automatically lead to compliance with the NFPA 2020 requirements. 
 
For the purposes of the standardised HRS concept design, NFPA 2020 requirements have been used. 
 
Table 28: Minimum safety distances summary 

Exposure  Minimum Safety Distance (m) 

BCGA CP33 (2012) NFPA 2/ NFPA 55 (2016) NFPA 2/ NFPA 55 (2020) 

Property boundaries 8 10 5 

Air intakes 5 10 5 

Potential ignition source 5 10 5 

Building doors and windows N/A 10 5 

Exposed person (other than 
operators/ service men) 

8 5 4 

Car parks 8 5 4 

Combustible materials and 
flammable liquid storage 
tanks 

8 4 4 

Opening of systems below 
ground level 

5 4 4 
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Appendix E: Supplier reference list 

Please see below Table 29 for list of suppliers for certain items. 

Table 29: Supplier Information 

Component Supplier 

Tube trailer Calvera hydrogen 

Air Liquide 

Ryze Hydrogen 

Linde 

Breakaway, flexible hose, nozzle, receptacle WEH H2 refuelling components 

Pressure regulators TESCOM 26-2000 

Compressor packages PDC-13 (100 to 500 barg) 

Maximator – H2 MAX-Compression (300 to 900 barg) 

Compressor chillers Lauda Ultracool 

500 and 900 barg storage cylinders Chesterfield cylinders 

Light duty heat exchange (HEX) and chiller Lauda hydrogen cooling system - SUK 350 L 

Light and heavy-duty pressure control regulators TESCOM 26-2000 with ER-5000 

Air compressor packages Avelair - evo 2.2 receive and integra 

 


