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This project aims to drive sustainable economic growth in the UK 
hydrogen and fuel cell industry in the period to 2025 and beyond 
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• Public-private project steered by Innovate UK, 
the Department of Energy and Climate Change 
(DECC), Transport Scotland, Scottish 
Government, Scottish Enterprise, Scottish 
Hydrogen and Fuel Cell Association (SHFCA), 
UK Hydrogen and Fuel Cell Association 
(UKHFCA), and the Knowledge Transfer 
Network (KTN) 

• Delivered by E4tech and Element Energy, in 
consultation with the Steering Board and 
wider stakeholders 

• Launched in January, due to be completed in 
early June 

• Consists of 11 mini roadmaps, on different 
sectors of hydrogen and fuel cell use, which 
will be brought together with an overall 
national case 

 

Introduction 



| 

The 11 mini roadmaps cover uses of hydrogen and fuel cells, and 
production and distribution of hydrogen  
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CROSS-CUTTING ISSUES: Underpinning research, skills, regulations, codes and standards 
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Today’s workshop is to get your feedback on the draft mini-
roadmap on stationary systems with portable fuels 
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• The draft mini-roadmap shows aims for each application for 2025, barriers to achieving those 
aims, actions that need to be taken to overcome the barriers, and benefits of doing so 

 

• Today we will discuss your views on: 

• Accuracy (~30 min). Have the important barriers and issues been clearly captured? 

• Ambition (~30 min). Are the aims for 2025 appropriate? What development or deployment 
ambition is reasonable? 

• Action (~60 min) Will the actions proposed be enough to overcome the barriers? If not, what 
else is needed? Is it reasonable to expect these actions? 

• Who should be responsible for these actions? How much will they cost, how long will they 
take, and who might pay? 

 

• Note that today we are focusing on actions to 2025, not the long term vision for the hydrogen 
and fuel cell sector. The longer term vision will be articulated in the overall national roadmap 

 

• We also want your views on cross cutting issues that could affect more than one mini-roadmap 
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We welcome your views on cross cutting issues that could affect all 
mini-roadmaps, today and subsequently 
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Underpinning research 
e.g. What breakthroughs could change 

the outlook for several roadmaps? 

Skills 
e.g. Is education and training needed 

that spans several of these areas?  

Regulations, codes and standards 
e.g. What further work is needed? 

Financing 
e.g. are there financing mechanisms that 

could help in several sectors? 

Safety 
e.g. What further work is needed? 

Manufacturing and supply chain 
e.g. joint design, production or 

procurement of certain components 

Marketing 
e.g. how can one sector help another? 

Joint initiatives between sectors 
e.g. would these be useful?  

Regional activities 
e.g. Can pioneer regions be valuable in 

deploying several HFC technologies 
together? 

Market structure 
e.g. ways to monetise value to grid of 

CHP could also apply to electrolysis 
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Stationary fuel cells with portable fuels cover a wide range of 
applications – from backup generation to cogeneration 
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• ‘Stationary fuel cells with portable fuels’ are systems that cannot be moved 
and are refuelled in batches, not continuously. Fuel could be gas (e.g. 
hydrogen or LPG) bottles or liquid fuels such as methanol 

• Their application ranges from backup applications (e.g. for telecom towers, 
electric substations) to prime power applications in remote locations and 
residential locations 

• The technology is the same or similar to other stationary fuel cells 

• Fuel cells are beginning to emerge, especially for backup applications, for 
example in telecom towers. They have potentially distinctive advantages in 
terms of reliability, noise and air pollution compared to incumbent 
technologies 

• In the residential prime power and CHP sector, as well as for operation in 
remote locations, incumbent technologies are well established, and have a 
considerable cost advantage compared to fuel cells. 

• Other mini roadmaps analyse fuel cell potential in adjacent areas, such as 
stationary fuel cell CHP and portable fuel cells 
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Our chosen focus is in applications that are already offered by UK 
companies and that have a large development potential 
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• Stationary fuel cells with portable fuels are aiming for markets with strong incumbent technologies and many 
emerging competing technologies (e.g. batteries, PV) 

• For prime power applications with steady and high energy demand, the logistics of portable fuels may harm 
the business case of fuel cells.  

• The UK is currently not well positioned for residential fuel cells for prime power and CHP, apart from Ceres 
Power’s technology. While some other companies could adapt their technology to enter these markets, they 
are currently prioritising other sectors. In other regions (especially Japan, Germany and to some extent N 
America), there is more activity in this sector. 

• For larger remote buildings, the market is relatively limited, and alternative technologies are likely to remain 
more interesting on a TCO basis for a long time. The UK further has limited capabilities for large systems 
compared to other regions 

• The market for backup power, especially in the telecom sector, is already developing and shipping several 
thousands of units per year. The requirements for reliability and efficiency in this sector are relatively well 
aligned with the capabilities of fuel cells. 

• Intelligent Energy, a UK based company is developing backup generators, starting with the telecom market.  

 

• We focus on backup power > 5 kW, a market that already has commercial opportunities and involvement from 
UK actors 
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Telecom tower backup power is among the first commercially 
driven fuel cell applications 
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• Stationary fuel cells have early commercial deployment, displacing diesel 
generators where their advantages outweigh high capital costs: 

• high efficiency of around 50% against 20% or less for diesel gensets 

• low maintenance requirements; potentially easier to maintain than diesel 
gensets 

• The most prevalent application is as either backup or in some cases prime power 
for telecom infrastructure (mobile phone antennas) in areas with weak or non-
existing power grids. This market is dominated by PEM fuel cells from 1-10 kW 
fuelled by either hydrogen or methanol. 

• UK-based Intelligent Energy is developing this business in India. Others (e.g. 
Ballard, Heliocentris, Hydrogenics etc.) are developing markets across South East 
Asia, China, the Middle East and Africa, but also in a limited fashion in North 
America and Europe 

• High grid reliability and a dense telecom network in the UK limit the need for 
backup and reduce operating times, reducing the benefit of the low operating 
cost of fuel cells. This is likely to remain mainly an export market 

• Energy is ~30% of network operating cost for mobile network operators. Their 
diesel generators release ~40 Mt CO2 annually, likely to grow by 13-15% to 20201 

• Hydrogen is less likely to be spilled or stolen in remote locations than diesel 

Source: Intelligent Energy 

Source: Hydrogenics 
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1GSMA: Green Power for Mobile – the global 
telecom tower ESCO market overview of the global 
market for energy to telecom towers in off-grid 
and bad-grid areas  
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Telecom backup generator costs in places with reliable grids are 
dominated by CAPEX 
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• For the same application, diesel generators are typically higher 
capacity than fuel cells, in order to overcome starting current of the  
load, such as air conditioner compressors.  

• In places with reliable grids, backup generators run a very limited 
amount of time per year. Diesel generators require regular start-up 
and maintenance to remain operational, whereas fuel cells generally 
remain operational even if not used over long periods. 

• Batteries have a relatively high CAPEX, as they need to be sized 
according to the longest required backup period rather, even if it 
only occurs once a year 

Parameter Value 

Average load 2 kW 

Runtime per year 72 h  

Fuel cell  
Capacity 
Stack lifetime 
Cost per kW 
Efficiency 
Hydrogen cost per kg 
Cost of delivery (1MCP -15 
kg) 
Maintenance per year 

 
5 kW 
10,000h 
£ 4,275 
47% 

£ 14 
£ 100 
 
£ 100 

Diesel generator 
Capacity 
Lifetime  
Cost per kW 
Efficiency 
Diesel cost per litre 
 
Maintenance per year 

 
10 kW 
10 years 
£ 1,400 
15% 
£ 0.40 (untaxed) 
£ 1 (taxed) 
£ 600 

Battery system (Lead-acid) 
Capacity 
Lifetime 
CAPEX 
Cell replacement cost 
Efficiency 
Electricity cost per kWh 
Maintenance per year 

 
24 kWh (12h) 
10,000h 
400 £/kWh 
270 £/kWh 
85% 
£ 0.13 
£ 200 
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Telecom backup in places with weak grids is sensitive to both 
CAPEX and fuel costs 
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• In regions with weak grids, backup generators have very high 
operating times (e.g. 8h a day on average). The fuel cost hence 
becomes relatively more important compared to areas with reliable 
grids. 

• Hydrogen as a fuel is currently more expensive than diesel on a per 
kWh basis, which is not offset by the high efficiency of fuel cells. 

• Fuel delivery costs are a major cost driver for fuel cells, assuming 
hydrogen is delivered in manifold cylinder pallets (MCP).  

Parameter Value 

Average load 2 kW 

Runtime per year 2920h (8h a day) 

Fuel cell  
Capacity 
Stack lifetime 
Cost per kW 
Efficiency 
Hydrogen cost per kg 
Cost of a H2 delivery (4 MCP 
- 60 kg H2) 

Maintenance per year 

 
5 kW 
10,000h 
£ 4,275 
47% 

£ 14 
£ 50 
 
£ 100 

Diesel generator 
Capacity 
Lifetime  
Cost per kW 
Efficiency 
Diesel cost per litre 
 
Maintenance per year 

 
10 kW 
10 years 
£ 1,400 
15% 
£ 0.40 (untaxed) 
£ 1 (taxed) 
£ 600 

Battery system (Lead-acid) 
Capacity 
Lifetime 
CAPEX 
Cell replacement cost 
Efficiency 
Electricity cost per kWh 
Maintenance per year 

 
96 kWh (48h) 
10,000h 
400£/kWh 
270 £/kWh 
85% 
£ 0.13 
£ 100 
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Global market is likely to reach tens of thousands of units yearly by 
2025 

13 

UK deployment drivers 

• UK markets will remain limited. Given the reliability of the grid, most mobile phone antennas do not require 
backup for more than a few hours a year. Purchase cost is the dominant characteristic. In densely populated 
areas, backup is only required for a core network, as these areas are usually covered by multiple towers 

Global deployment drivers 

• Most telecom backup generation assets will remain in countries with weak power grids. In many of these, grid 
reliability will remain poor, and possibly worsen through rapid electricity demand growth. Demand for telecom 
services, and hence for towers is growing, and globally off- and weak-grid towers could reach 1.2 m by 20201. 

• Other applications with similar requirements to telecom towers are likely to emerge based on the same 
technology. For instance, ATMs in remote locations with weak grid access require backup power. 

• Improvements in hydrogen storage could make  higher power applications (10-50 kW) commercially viable 

Deployment potential by 2025 

• Attainable global annual deployment: about 50,000 units annually 

• 20,000 newly deployed off-grid or weak-grid towers yearly (65-70% market share of a 30,000 units market) 

• 30,000 replacement generators for off-grid and weak-grid towers (50% market share assuming 20 year 
lifetime for existing gensets) 

•  Attainable UK deployment: 100 units per annum if global deployment considerable reduces capital cost 

 

Aims for 2025 

1GSMA: Green Power for Mobile – the global telecom tower ESCO market overview of the global 
market for energy to telecom towers in off-grid and bad-grid areas  
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One UK company is leading fuel cell development of telecom in 
India, others are contributing along the supply chain 
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• Intelligent Energy designs and builds fuel cell systems for telecom backup. These systems are currently 
manufactured in the UK, but it is likely that large scale manufacturing for export markets is not going to be 
done in the UK. The technology development and IP, are, however, likely to remain UK based. 

• Intelligent Energy’s Indian subsidiary, Essential Energy, specialises in energy management for telecom towers 
and manages 40,000 towers in India, planning to gradually replace the generation units of these towers by fuel 
cells. This deep involvement in the supply chain is a way to sidestep the vertically integrated Mobile Network 
Operators who generally choose technologies on first cost basis, rather than Total Cost of Ownership.  

• Johnson Matthey Fuel Cells develops and produces membrane electrode assemblies in Swindon, which can be 
applied in PEM fuel cells for telecom backup. 

• BOC (Linde), as the UK’s largest industrial gas company, could play a role in fuelling such fuel cells through 
various storage and delivery solutions. Luxfer, a UK-based gas containment specialist offers advanced storage 
and mobile hydrogen refuelling systems, and has the required know-how to become a significant player on the 
refuelling side. 

• Various research organisations and universities (this is not exhaustive) are active in relevant areas1,2: 

• Polymer electrolyte fuel cells: Imperial College, UCL, Loughborough Univ., Univ. of  Southampton, Univ. of 
Surrey, Cambridge Univ.,  

• Hydrogen Storage: Univ. of Bath, Birmingham, Nottingham, UCL 

 

UK capabilities 

1UKERC research atlas: fuel cells 
2H2FCSupergen website 
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Barriers for large scale deployment in the UK and EU are 
fundamental and unlikely to be fully removed 
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• Fuel cells are unlikely to become widely used for telecom backup applications in the UK for a number of 
reasons: 

• With an average grid interruption duration of 70 minutes per year1 (and less than one event per year), 
backup generators in the UK would only run on very rare occasions. This operational profile does not enable 
the economic benefit of the higher efficiency of fuel cells compared to a diesel generator. 

• The main decision driver for backup power technology is the capital cost, where fuel cells cannot currently 
compete with diesel generators 

• Very few telecom towers are located fully off grid and would potentially required long runtimes 

 

 

 

Barriers and actions 

Actions 
• Support a few systems in the UK: this brings familiarity and hydrogen logistics development but should be 

coupled with other deployment plans to ensure costs (e.g. of fuel delivery) can be shared  
• Support scale-up of deployment in export markets: A large scale deployment of telecom backup fuel cells 

could lead to a capital cost decrease making fuel cells more competitive against conventional backup 
generators 

• Strengthen local noise and air pollution regulation in sensitive areas: Fuel cells could be used as a zero 
emission (pollutants and noise) technology, which can be beneficial in certain areas (e.g. polluted urban 
areas or national parks). Strict regulation could create a market opportunity for fuel cells. 

1Council of European Energy Regulation: Benchmarking Report 5.2 on the Continuity of Electricity Supply - 
Data update (12 February 2015) 
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Hydrogen fuel supply is a limiting factor in promising markets 
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• The supply chain for hydrogen is not as developed as for diesel. Hydrogen may be available as an industrial 
product, but not as a commoditised fuel. Fuel logistics – always a challenge in remote locations – can hence be 
a barrier to fuel cell technology deployment. This also drives opex, and is hence critical for the viability of fuel 
cells compared to other technologies  

• The hydrogen for telecom fuel cells is typically supplied in gas cylinders. A typical cylinder weighs 
approximately 65 kg and contains about 1 kg of hydrogen, which corresponds to approximately 30 kWh of 
energy. This means that a 5 kW system with 50% efficiency can roughly run for 3 hours on one cylinder. As a 
comparison, 65 kg of diesel fuel contain approximately 875 kWh of energy, which corresponds to 26 hours of 
operation for a 5 kW system at 15% efficiency. 

 

 

Barriers and actions 

Actions 
• Encourage development of more energy dense and cost-effective ways of storing/transporting hydrogen:  

• higher pressure cylinders, for instance based on the 700 bar technology used in cars could triple the 
energy density of supplied hydrogen, though at a cost for compression and for the cylinders 

• Some organic liquid hydrogen carriers can bind approximately 10% (mass) of hydrogen, and can be 
transported in similar conditions as diesel  

• Solid hydrogen carriers can bind between 2 and 7% (mass) of hydrogen but are typically very stable 
• Develop optimised logistics solutions: The cost of supplying hydrogen depends on many factors beyond 

the energy density of the containers. The time operators need to refuel a location, the required frequency 
of refuelling trips, the number of stations that can be refuelled in one trip are all interlinked and critical for 
the overall refuelling cost. Holistic refuelling logistic concepts, and the required technology for these 
concepts need to be developed to increase the competitiveness of fuel cells. 
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Traditional telecom backup operators are unfamiliar with fuel cell 
technology 
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• Mobile Network Operators and Tower Companies are usually more familiar with diesel generators than with 
fuel cells, and already operate a diesel generator fleet. Adding fuel cells to this fleet requires building up a new 
logistic chain (see hydrogen fuel supply) and to train maintenance workers for a new technology.  

• The know-how for maintaining diesel generators with a limited supply of spare parts is well established. 
Experienced maintenance workers can keep generators running even if parts are not readily available. With 
fuel cells, a reliable supply chain for dedicated spare parts is crucial for adequate maintenance.  

• Most mobile network or telecom tower operators, especially in less developed countries, tend prioritise low 
investment cost over total cost of ownership. Given the higher capital cost of fuel cells than diesel generators, 
fuel cell products are not as competitive as they could be in a total cost of ownership (TCO) driven market. 

 

Barriers and actions 

Actions 
• Support the development of more adapted technologies: Highly resilient fuel cells with low maintenance 

requirements are crucial for reliable operation in countries with limited infrastructure. Fuel cell systems 
should be designed around these requirements, e.g. with an architecture based on swappable modules. 

• Support know-how transfer for fuel cell technologies: Staff in target regions must be familiarised and 
trained for fuel cell technologies.  

• Facilitate access to capital to enable new business models: New business models may be required to make 
use of the low TCO of fuel cells. This may require specialised financing or for companies to take on the role 
of energy service companies. While potentially low operating costs offer long term returns, such business 
models require high initial investments, for which capital must be found.  

• Develop technology understanding and confidence through demonstration projects in the UK: To 
familiarise potential project developers and investors for this and other applications, pilot projects in the 
UK could be developed. 
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A range of actions at different times would help build a market 

2016-2020 2020-2025 2025 onwards 
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Continued early deployment 
in off-grid and weak grid 
areas (1 000s/year) 

Deployment of larger units and entry 
into other markets suited for the 
technology (e.g. ATMs) 

Demonstration projects (max 
10s of units) 

Support of demonstration 
projects to raise awareness 

Ramp up of deployment numbers once 
solid business models are in place 
(10,000s/year) 

Development of higher energy density 
hydrogen tanks /carriers 

FCs are leading market option in 
key regions 

Capital support for development of 
capital intensive business models 

Development of easy to maintain highly 
resilient fuel cell systems 

Mature market of low 100,000s units 
per year 

Commercial deployment in 
nice areas 

Adapt emissions regulation in 
sensitive areas  
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Fuel cells will be well established by 2025 but the ability to scale 
up deployment is critical for long term market penetration 
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Low scenario 
 

Fuel cells become a mature 
technology option for telecom 
backup in off-grid or weak grid 

locations, but manufacturing does 
not scale enough to enable cheaper 

capex. 
No regulatory drivers for low carbon 
and low emission technologies exist. 

 

Central scenario 
 

Fuel cells become a well established 
technology with market shares of 60-
70% for new installations for off-grid 

and weak-grid telecom tower backup, 
and shares of 50% for replacement of 

generators 
Deployment starts in adjacent new 
markets such as power for ATMs. 

Fossil fuel cost increases driven partly 
by overall GHG targets, making diesel 

generators less attractive 
economically 

Limited deployment in the UK, 
encouraged by strict local air 

pollution and noise regulation 

High scenario 
 

Fuel cells become the dominant 
technology for telecom backup 
power in off-grid and weak grid 

application (market share of 85-90%). 
Mass scale up of fuel cell 

manufacturing and implementation 
of a hydrogen supply chain based on 

high energy-density hydrogen carriers 
in weak grid regions enable the use 
of fuel cells for backup and prime 
power for critical infrastructure 

beyond telecom. 
CO2 and pollutant emission 

regulation in numerous countries 
reduces or bans the use of diesel 

generators 

Deployment 
scenarios 
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Fuel cells could take increasing market share once capital costs 
drop and particularly if fuel logistics can be improved 
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• In the low scenario, fuel cells become a mature 
technology option for telecom backup in off-grid or 
weak grid locations, but manufacturing does not 
scale enough to enable lower capex. 

• In the central scenario, fuel cells become a well 
established technology with market shares of 60-70% 
for new installations for off-grid and weak-grid 
telecom tower backup, and shares of 50% for 
replacement of generators by 2025. Deployment 
starts in adjacent new markets such as power for 
ATMs after 2020. 

• In the high scenario, fuel cells become the 
dominating technology for telecom backup power in 
off-grid and weak grid application by 2025 (market 
share of 85-90%). Mass scale up of fuel cell 
manufacturing and implementation of a hydrogen 
supply chain in weak grid regions enable the use of 
fuel cells for backup and prime power for critical 
infrastructure beyond telecom. 

Deployment 
scenarios 
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Deployment depends on commercial development of FC technology – 
finance availability and fuel supply are likely to be the critical elements 

21 

Scenario Actions 
Deployment numbers (units sold per year) 

2015 2020  2025 

High 

Additional actions 
• FC manufacturer achieve cost reduction and lifetime 

improvements make fuel cells the dominating 
technology for backup in weak grid countries 

• Scale up of fuelling infrastructure and technology 
improvements for H2 storage critically reduce fuel cost 

• Emissions regulation mandating zero emission 
technology implemented in certain areas  

UK: 5  
Global: 3,500 

UK: 20 
Global: ~25,000 

UK: 150 
Global: ~65,000 

Central 

• Make available sufficient financing to FC companies to 
finance deployment of products that have lower 
lifetime cost than incumbent technology 

• Emission regulation is passed that acts as an additional 
driver for FC backup, leading to increased familiarity 
with the technology in Europe 

• H2 fuel suppliers improve their technology, significantly 
lowering cost of fuel supply 

UK: 5 
Global: 3,500 

UK: 10 
Global: ~18,000 

UK: 100 
Global: ~50,000 

Low 

Actions still needed  
• Technical developments to make fuel cells a mature 

but still high cost option for telecom backup 
• Continue development of hydrogen supply 

infrastructure in weak grid countries 

UK: 5 
Global: 3,500 

UK: 5 
Global: ~5,000 

UK: 20 
Global: ~12,000 

Deployment 
scenarios 
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Cumulative by 2025 Notes 

Global market ~250,000 units Majority of market will be in South 
East Asia, Africa and South 

America. UK market very limited Global market value  ~ £ 6.3 billion 

UK Share of Tradeable Global Market 
Up to 15%  

Higher shares for fuel cell system, 
lower shares for operations 

Potential value for UK economy (GVA)  ~ £ 80 million 

Potential UK job creation  ~ 650 Mainly export related 

• The GVA analysis includes fuel cell system and installation cost, but also maintenance and fuel cost (incl. 
supply).  

• UK players could conceivably take about 15% of the global market for telecom backup fuel cell systems and 
a low share of the services business linked to fuel cell operation. Operations – fuel supply in particular – 
represent a considerable share of the sector value. While local subsidiaries of UK companies can play an 
important role, the majority of the added value will remain in the countries where the fuel cells are 
operated. 

• Core UK competency is likely to remain in research, development and design of fuel cell systems, as well as 
operating models; very little manufacturing is likely to occur in the UK. 
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UK benefit 

The UK benefit in 2025 could be significant 
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UK deployment and direct benefits for the UK will remain low but 
positive knock-on effects may help the UK fuel cell industry 
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• Stationary fuel cells with portable fuels are unlikely to be deployed in the UK in large numbers, as the market 
for backup power is limited. High grid reliability leads to low operating times, which drives the market to low 
capital cost solutions. The direct benefit for the UK energy system will consequently be limited  

• However, a large scale deployment in weak grid regions has the potential to reduce fuel cell costs and to make 
fuel cell backup generators more attractive for the UK market. Large scale deployment in the field could also 
enable fuel cells to build a track record for reliability – in particular for their ability to start up reliably after a 
long period of non-operation. This could increase consumer confidence in fuel cells in the UK backup market. 

• Supporting UK deployment of PEM technology in these early markets may have positive effects on the UK role 
in other markets using PEM technology (e.g. transport, portable fuel cells, stationary fuel cells etc.), and attract 
more UK based activity in this sector.  

• While manufacturing for export markets is unlikely to occur in the UK, research and development activities are 
likely take place in the UK building on the strong research community and well positioned UK based fuel cell 
developers 

• Capital support for UK companies developing innovative business models for export could help securing the 
strong position of the UK in this market 

 

UK benefit 
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As an early deployment market for PEMFC, telecom backup can 
have positive knock-on effects on the industry 

24 

• The technology platform for telecom backup solutions will be very similar to some portable fuel cells. A 
substantial production scale up in any of these sectors will be beneficial for technology development and will 
lead to cost reduction in both sectors.  

• The low energy density of bottled hydrogen remains a major (operating) cost driver and a limiting factor for 
deployment of this technology. Development in hydrogen storage technology, coming from hydrogen 
distribution applications or transport applications may contribute to reducing this issue 

• The deployment and development of PEM technology through stationary fuel cells with portable fuels could 
have positive knock on effects on transport applications, which also use PEM technology. Equally, a wider 
deployment of fuel cell vehicles is likely to increase the familiarity of potential customers with fuel cell 
technologies, hence removing or reducing barriers in this sector 

• Advanced and clean hydrogen production methods, such as water electrolysis and biomass gasification can 
increase the environmental benefits of fuel cells in the telecom sector, allowing further emphasis of the 
environmental benefits of fuel cells. 

Links 


