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Volume B

The transition towards hydrogen becoming widespread in 

future energy systems may be one of the greatest social and 

technical challenges facing society. A wide range of stakeholders 

will need to work together over extended periods of time to 

make the sustainable hydrogen “vision” a reality. Community-

based projects are seen as a route to stimulate the start of the 

transformation, leading to more widespread early adoption of 

these new technologies.  

The first handbook in this series (Volume A) introduced 

hydrogen as a fuel and explained its growing importance in 

sustainable energy systems, helping the community stakeholder 

identify whether they wish to engage with the challenge. 

This volume provides more detail on hydrogen technology 

and the applications currently under development and being 

trialled in demonstration projects. It then proceeds to examine 

the reasons why communities have taken an active role in many 

demonstration projects, and examples are highlighted with case 

studies. A critical analysis of communities is then undertaken,  

to identify what the key success criteria are observed to be.  

Finally, practical guidance on developing a strategy and project 

plan is given.
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1.1 Introduction

With regard to energy, communities often face similar issues; 

access to sufficient energy resources, security of energy supply, 

cost and the pollution that can arise as a result of energy 

generation and use. Ultimately, how each community addresses 

these issues will be unique and this will impact on how new 

technologies such as hydrogen could be introduced in the 

community. Will it help to solve regionally relevant problems? Is 

the existing infrastructure suited to hydrogen? These will strongly 

influence the community’s choice of technology application and 

scale of project. 

In addition to this, a wide spectrum of socio-economic factors, 

like population density or geographical location, as well as the 

end-user demands have to be taken into account. Especially in 

the first phase of a community’s engagement in hydrogen and 

fuel cell technologies, each project is likely to be focused on the 

needs of a small number of stakeholders that largely determine 

the objectives of the project.

Common to all projects is that they will deploy one of the three 

main hydrogen and fuel cell technology strands which will 

be introduced in this handbook. Stationary applications are 

permanent, fixed installations providing power and possibly 

heating, for example in a building. Transport applications 

includes public transport, passenger cars, forklift trucks, or 

smaller niche vehicles, such as scooters. Examples of Portable 

applications would be fuel cell power devices for consumer 

electronics, such as mobile phones or laptop computers. 

Not all fuel cells require hydrogen, but projects where it is 

used have to address the infrastructure associated with the 

generation of hydrogen, its storage and  transfer to the end-

use application. Such infrastructure projects can show how the 

various components of a future “hydrogen economy” could look, 

figure 1. 

1.	 Hydrogen Technology 
and Communities

Figure 1: Two main project setups using various technologies.
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1.2	 Stationary Applications

Stationary applications may provide power and heat to fixed 

end users. A common example of the type would be a high 

temperature fuel cell, up to 250 kW electrical output, delivering 

heat and electrical power at the same time. A fuel cell used in 

this way is no different in principle to other combined heat and 

power (CHP) technologies such as reciprocating engines, but 

with the important advantage of high electrical efficiencies thus 

making the best possible use of the fuel. Fuel cells are being 

developed which should have very good reliability, so be cheap 

to operate and maintain. 

The fuel itself is often natural gas - this makes the fuel supply 

relatively easy, although hydrogen or biogas can sometimes be 

used if it is available. Large systems such as the one mentioned 

above, could supply an entire block of flats with heat and 

electricity. There are also smaller systems being developed for 

private homes, which are the size of a typical gas boiler. 

When used for space heating, the system is usually heat-lead, 

meaning the stationary fuel cell operates at a load that responds 

to the heat demand of the building it supplies. The co-produced 

electricity can supply power to the building or be exported to 

the grid. In order to use the fuel cell as efficiently as possible, 

connection to a large heat load, such as a swimming pool is ideal. 

The fuel cell installed in the London Borough of Woking is a 200kW Phosphoric acid device from UTC, 
and provides heat and power to a swimming pool and sports centre. The device is completely housed 
in a 40 foot container, which has been decorated as shown above. 
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At a larger scale, the production of electricity may be the primary 

objective of the fuel cell. In the future, these may be installed by 

electrical utilities to add new generation capacity, particularly in 

areas where the electricity grid is weak and extending the grid 

would be prohibitively expensive. 

Table 1 gives an overview of fuel cell sizes and their use.

1.2.1 Opportunities for using Stationary Fuel Cells

The decentralised generation of heat and power with fuel cells 

for the supply of large or industrial consumers allows very 

high system efficiencies of >90 % with electrical efficiencies 

approaching (and in some cases exceeding) 40-50 %. In 

comparison to existing decentralised cogeneration technologies 

this is a significant improvement in electrical efficiency.  Any 

excessive power can be used for the building itself or be fed 

back into the public grid. Compared with conventional energy 

supplies (i.e. electricity from large centralised plants, and heating 

from natural gas in boilers), co-generation can reduce CO2 

emissions by approximately 20-40 %. Fuel cells can increase 

this even further. The same applies to small systems, where 

efficiencies of >85 % result in a reduction of CO2-emissions 

between 20-30 % in comparison to a modern, conventional 

residential heating system (condensing boiler with grid-

power). With larger stationary systems there is also the option 

of tri-generation, meaning the additional supply of cooling 

(air conditioning) by means of an absorption chiller, thereby 

rendering energy intensive compression chillers in hospitals or 

hotels obsolete. 

Table 1: Overview of CHP types.

* UPS = Uninterruptible Power Supply

CHP type Power output Example of use

domestic applications 1 – 5 kW UPS, microCHP in buildings

small scale CHP 20 – 50 kW small residential boilers

medium scale CHP < 1 MW community CHP or industrial

large scale CHP < 1 MW multi-MW power generation
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Another advantage of smaller, low temperature fuel cells is 

their flexibility in operation. Depending on the system it is 

fairly easy to increase or decrease its power-output if not even 

fully switching it off. This means that in areas with a small or 

weak grid, like islands or remote areas, grid management could 

become more adaptable, thus efficient, to the real-time demand. 

This could result in a better integration of renewable energy 

sources where, depending on the feed-in, load or demand 

fluctuations could be balanced through the fuel cell system.

Small stationary fuel cells are an increasingly attractive option for 

an Uninterruptible Power Supply (UPS) / backup power devices. 

Whereas conventional UPS devices rely on batteries that need 

to be checked and exchanged on a regular basis, even if not 

used, stationary fuel cell systems offer much longer lifetimes 

than batteries as well as longer power supply times. Although 

current fuel cell systems are costly, the cost of ownership of a 

fuel cell powered UPS can be competitive with conventional 

battery UPS systems. Also, these systems are not as sensitive 

to temperatures as batteries and can operate in cold as much 

as in hot environments which has seen them recently in use for 

heating railway points to keep them free of snow and ice. Linked 

to the lifetime, many fuel cells are being developed with very low 

maintenance requirements. 

Perhaps the most significant advantage for the introduction of 

stationary systems in communities is their fuel flexibility. Many 

fuel cells can use the existing natural gas grid. High temperature 

fuel cells, with which most large stationary systems are equipped, 

can also run on other gases such as biogas or “town gas” 

produced from coal. Should there, however, be an industrial 

source for hydrogen or a centralised hydrogen production, e.g. 

from wind power or other renewables, the stationary fuel cells 

would be an ideal application to utilise it. 

Finally, fuel cells are also relatively quiet in operation, and 

emissions of NOx and SOx and particulates are very low. This 

can facilitate their use in urban areas where air quality would 

otherwise prevent local power generation.

Fuel cell systems are developing rapidly, and there are still some 

concerns regarding their use, these include:
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High capital cost – stationary fuel cells are not yet ◗◗
competitive with the incumbent technology, although 

future cost reductions and higher efficiencies are 

expected to improve this situation. 

Stack lifetimes and lack of proven reliability – unlike ◗◗
conventional CHP, it is difficult to secure loans against 

the revenues expected from the sale of fuel cell heat and 

electricity. The industry is approaching the point where 

reliability and lifetime is improving such that suitable 

warranties may be provided.
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1.2.2	 Timescales and Costs

Market developments show a healthy growth of the sector with 

more and more units being installed (see figure 2). For large 

stationary fuel cells (>10kW) there also seems to be a trend to 

bigger units (50 kW and more). It is expected that by the end of 

2008 the average unit size could approach 1MW, showing that 

industry has understood the requirements of their future market 

for large stationary fuel cells and can provide systems that cater 

for the needs of commercial or industrial end-users. The biggest 

challenge will now be to develop from niche applications in 

single projects to mass market products. The fact that hotel 

chains such as Hilton (1), hospitals and private consumers are 

starting to adopt some fuel cell technologies shows that from 

the technical perspective the products for sale (or lease) are, or 

are very close to, market readiness already. It is anticipated that 

by 2020 large stationary fuel cells will be competitive with prices 

of 1000-1500 ¤/kW installed capacity, however at the moment 

there are still high subsidies attached to currently installed 

systems. In comparison, gas-fuelled reciprocating engines 

currently cost about 500-1000 ¤/kW. 

Small stationary fuel cells (<10kW, typically between 1-5 kW), 

on the other hand, seem to be going into the direction of UPS 

(uninterrupted power supply) and backup-systems for the 

telecom or IT market. These products can already be purchased 

at prices comparable with the incumbent, taking into account 

certain technical advantages to the standard battery systems 

which are reflected in the price. Industry news services now report 

of large forward purchase orders in this sector on a regular basis. 

Figure 2: Installed fuel 
cell power worldwide in 
megawatt per annum 
and cumulative from 
1996 to 2008. 

Source of: Fuel Cell 
Today Ltd. -  
www.fuelcelltoday.com 

1 http://www.utcfuelcells.com/fs/com/Attachments/project_profiles/PP0116_Hilton.pdf
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Another major use for small stationary fuel cells is small-scale 

co-generation, which can be seen in some projects in the form 

of residential boilers. Some companies like Viessmann or Vaillant 

are in the process of bringing these products to the market and 

have clear development roadmaps. It is the aim, for example, of 

the German fuel cell industry to install 450 units by the year 2010 

and 2215 units by the year 2012 to gain the necessary experience 

with everyday-use and improve critical system parameters like 

durability and system integration. Costs are expected to go down 

successively with industry aiming at a price for of a standard 1 

kW (electric) system that is not more than 1700 ¤ higher than 

the current market systems by 2020. Currently, though, standard 

domestic gas boilers are unrivalled in price and durability.

Both small and large stationary systems currently suffer from 

the lack of codes and standards, which are still not fully in place 

in Europe. This situation is seen as a threat for a mass-market 

introduction and the industry is trying hard to set the standards 

and have these acknowledged by the authorities.

Costs for the fuel are, in relation to other application types, 

expected to be fairly low as most of the stationary applications 

will run on natural gas or biogas. High temperature fuel cells can 

use this fuel directly or convert it to hydrogen and by-products in 

the internal reformer unit. Hence, fuel costs are dependant on the 

natural gas price, which despite all price fluctuations is still low in 

comparison to hydrogen. Certainly, if there is a source of surplus 

for hydrogen, this could be used directly in the application if 

quality allows (see also section on Costs of Hydrogen).
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1.2.3 Case Study

HafenCity Hamburg

This Hamburg district is one of the largest redevelopment 

projects in Europe, and was recently equipped with a fuel cell for 

innovative and environmentally sound energy supply. 

With a large number of new office and residential buildings 

being built directly by the waterfront, the developers tried to 

incorporate a sustainable development concept for this new 

area. A large stationary fuel cell would not only provide heat and 

power with low emissions, but also be a showcase of cleaner 

future technologies in this much visited new neighbourhood.

Since the beginning of 2006 the pilot plant has been producing 

power and heat for some 200 apartments and offices in the 

HafenCity district. The MCFC - high-temperature fuel cell (see 

figure 3) is part of a wider concept for this neighbourhood, 

including also a mix of district heating and solar thermal energy.

Figure 3: Large scale stationary fuel cell in Hamburg
Courtesy of: Vattenfall Europe Hamburg AG - www.vattenfall.de
www.hysolutions.de (project website)
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The fuel cell system, with unbeatably low emission levels, 

achieves high energy efficiency. It has a compact design without 

any moving parts such as pistons or rotating turbines and 

converts the energy from the gas directly into power and heat. 

The fuel used is natural gas, which the system converts into 

hydrogen and carbon dioxide. Electrochemical processes keep 

emissions down to exemplary low levels: no pollutants such as 

oxides of nitrogen or sulphur compounds are formed. The flue 

gas from the fuel cell consists entirely of steam, nitrogen and 

carbon dioxide.

The fuel cell that is operating in the HafenCity is eight metres 

long, 2.50 metres wide and 3.20 metres high, and has a power 

output of 245 kilowatts and a heat output of 180 kilowatts.

1.3 Transport Applications

Transport applications can include anything from mass transit 

systems such as trains and buses, down to passenger cars, 

forklift trucks, wheelchairs and hydrogen motorcycles. In contrast 

to stationary fuel cells, where lifetimes are a crucial factor for the 

success of the technology, transport applications have a different 

set of requirements deriving from their use such as weight, 

volume or heat formation.

Perhaps the most prominent hydrogen transport projects 

involve buses and cars. Supported by a multi-million Euro 

industry these applications have not only received great deals 

of publicity but also considerable R&D funding, accelerating 

the development of the technology. Also important from a 

commercialisation standpoint, are so-called niche transport 

applications - technologies for small, specialised markets. As 

these markets usually feature highly-customised solutions 

anyway, they represent ideal grounds for the introduction of 

innovative technologies with lower barriers to market entry. The 

product range in this market goes from “small” items like bikes, 

scooters or wheelchairs (where the fuel cell offers better range 

and performance than a battery-electric solution), up to large 

vehicles likes trains. The ever-increasing pressure to reduce 

emissions due to stricter legislation is a major driver for the 

continued development of a range of automotive technologies, 

including hydrogen and fuel cells.
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Materials handling equipment such as forklifts are often 

mentioned as a leading “niche vehicle” application for fuel cell 

technologies. In these markets electric vehicles are often the 

incumbent, as there are no exhaust fumes. However, the cost of 

charging and maintaining a battery fleet is significant; recharging 

times are long and this often requires a number of battery packs 

to be available for each vehicle.  The quick refuelling times for 

H2+FC solutions could help to make the cost of ownership 

comparable with the incumbent. Fuel cell forklifts now can be 

seen on many occasions on trade fairs and will be deployed in 

a number of demonstrations worldwide over the coming years 

(Figure 4).

Figure 4: Fuel cell 
powered fork lift. 
Courtesy of: Still GmbH. 
- www.still.de 

Another application in the transport sector is in Auxiliary Power 

Units. These are electric generators, used when the main engine 

is not running, and often power air conditioning systems in 

vehicles or running chillers in refrigerated trucks. Efficient and 

near silent operation of fuel cells are a key advantage in this 

application. 
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While H2+FC vehicles are one important technology for reducing 

emissions, there are concerns with the technology at present, 

these include:

The lack of a refuelling infrastructure may be the biggest barrier 

to the introduction of the technology. Although there have been 

some efforts in the past to run automotive fuel cells on other fuels, 

most current efforts are focused on hydrogen power. While the 

largest number of these systems in the transportation sector are 

based on 350 bar pressurized hydrogen, there is clearly a trend 

towards 700 bar systems. This higher pressure offers an extended 

driving range, but also requires even more specialised equipment, 

further increasing the price of the already expensive refuelling 

material. This amplifies concerns regarding refuelling the vehicles, 

as no country has an extensive hydrogen refuelling infrastructure 

at the moment and build-up is slow.  Any proposal for hydrogen 

powered transport applications should seriously consider the 

requirements for refuelling infrastructure. 

The European project Hylights (www.hylights.org) focuses on 

hydrogen transport applications and the reader is advised to refer 

to Hylights should more detail on hydrogen transport be required.

Limited vehicle availability – while most automotive ◗◗
companies are researching and developing fuel cell 

vehicles, these are not easily available, and the cost is 

often prohibitive. In response, many projects propose to 

use vehicles constructed by niche suppliers. This is a key 

limitation identified within the Hylights project.

High cost – is a factor common to all hydrogen-fuelled ◗◗
vehicles, because of the low volumes in which they 

are produced and the high cost of today’s immature 

technology. Some hydrogen internal combustion vehicles 

are available with an on cost of circa 2-4 times that of the 

standard vehicle, while fuel cell vehicles are often circa 5-10 

times the cost of a standard vehicle.

Reliability issues – arise because nearly all hydrogen ◗◗
vehicles are prototypes. Often the purpose of the 

vehicle is to trial the technology in realistic situations, 

and so reliability cannot be expected to match that of 

conventional vehicles.
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1.3.1 Strategic Opportunities

One of the main problems of cities and regions today is the 

ever increasing volume of traffic on their roads. The resulting 

emissions and noise have significant adverse effects on people’s 

health. Hydrogen and fuel cell driven transport can offer 

solutions to many of these problems. How “green” hydrogen is, 

strongly depends on how it is produced; nevertheless, with just 

steam coming from the exhaust fuel cell vehicles running on 

hydrogen result in zero emissions at the point of use.  

Also noise is reduced considerably, contributing to a positive, 

green image not only of the new mode of transport, but also 

of the community it operates in. It is a common feature of 

community driven projects that a high value is placed on the 

image this conveys to inhabitants, visitors, and businesses. As 

buses and cars running on hydrogen are certainly one of the 

most visible means of demonstrating a new technology they 

are likely to become one of the region’s prominent showcases, 

thereby raising public awareness of the technology and 

attracting other innovative companies and component suppliers. 

By trailing a number of hydrogen vehicles, and being early 

adopters, projects support technology developers during early 

market development. 

Niche transport applications may not be so visible, however, that 

does not mean that their use is less interesting to community 

stakeholders. On the contrary, many niche transport applications 

have reached a system and commercial maturity which allows 

for less public sector funding, permitting accelerated market 

entry of the product. Forklifts, for example, have many clear 

advantages for the industrial end-user. Instead of accepting 

long recharging times for the batteries or providing expensive 

and heavy spare sets of batteries for the exchange during work 

shifts, hydrogen powered fuel cells use up little space on the fork 

lift, offer an extended range and can be refuelled in significantly 

less time than a battery. The refuelling station would feature 

bottled hydrogen or natural gas using a reformer. In addition, 

zero emissions from the fuel cell would allow constant use in 

closed warehouse environments. 
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1.3.2 Timescales and Costs

At present hydrogen powered vehicles are demonstrated in a 

number of ongoing projects worldwide. Hylights identified nine 

leading European H2 demonstration projects, including CUTE 

(Clean Urban Transport in Europe). The 27 fuel cell buses that 

could be seen running in nine European cities during the CUTE-

project (2001-2006) proved the capability of hydrogen and fuel 

cell technology in this application. However it also highlighted 

issues with cost (the purchase price was many times higher 

than that of a standard diesel bus) and durability (the fuel cell 

lifetime was far lower than required for commercial operation). 

Nevertheless, CUTE and many similar projects demonstrate that 

major technical barriers are now starting to be overcome and 

that system integration, lifetime and economic considerations 

– all first steps to the mass market product – are in the focus 

of the industry. This also applies to passenger cars where R&D 

departments are working hard to meet the year 2015 targets 

for lifetime of >5000 hours (currently <2000 hours) and bring 

down the specific costs from >4000 ¤/kW at the moment to 

<100 ¤/kW by 2015. What looks ambitious might become reality 

sooner rather than later as the price is directly dependant on the 

number of vehicles being produced. When these numbers go up, 

the price will fall accordingly, and there have been a number of 

promising announcements from the car industry in this direction: 

Daimler announced its F 600 HyGenius to be at market prices 

by 2015. Mazda, Honda, and GM are now starting to give their 

hydrogen cars to a handful of corporate customers on a lease 

basis. These are signs that manufacturers could meet the needs 

and the costs of a mass market within the forthcoming years. 

Niche transport applications on the other hand are working 

on very different cost targets due to their specialised end-

user markets. Acceptable costs exceed 2000-3000 ¤/kW and 

sufficient lifetimes would start at 5000-7000 hours of operation, 

depending on the product. This clearly makes it much easier for 

any innovative system or applications to enter the market at a 

competitive level. Forklifts, for example, have seen the successful 

completion of beta testing in a number of projects and industry 

is now increasing manufacturing capacity to move into a real 

commercial space. APUs (auxiliary power units) are in a similar 

development stage: not a mass product yet, but with a number 

of companies which already produce competitive products, like 

APUs for motorhomes and public buses to provide heat and 

electricity independently from the main drive-train engine.
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Figure 5: Hydrogen driven scooter using a cartridge system for refuelling. Courtesy of: Masterflex 
Brennstoffzellentechnik GmbH-www.masterflex-bz.de 

1.3.3 Case Study

The HYCHAIN MINI-TRANS project will deploy several fleets 

of innovative fuel cell vehicles, including niche applications, in 

four regions of Europe (in France, Spain, Germany and Italy) 

operating on hydrogen as an alternative fuel. The fleets are 

based on similar modular technology platforms in a variety of 

applications with the main objective to achieve a large enough 

volume of vehicles (up to 158) to justify an industrial approach to 

lower costs and overcome major cross sectional barriers, trying 

to bridge the gap between R&D and early market development.

By deploying such a large number of vehicles, the project 

works on two levels of learning: the technological one and 

the community one. The technology developers benefits from 

setting-up pre-commercial manufacturing lines to reduce costs 

as well as to improve the quality of the products. The parallel 

establishment of market-orientated hydrogen distribution 

logistics and services helps launching the first commercial 

hydrogen model. The financial participation of the end users from 

the local communities is combined with financial contributions 

for the use of the vehicles. In return, there is a guarantee of 

support services for maintenance and operation. Good operation 

helps to promote the social acceptance of  

the use of hydrogen for transportation through demonstration 

of vehicle reliability and safety under every day conditions and 

an early adopting community could serve as a nucleus for  

further activities or an expansion of the  

existing fleet to neighbouring regions.
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1.4 Portable Applications

The market for portable hydrogen and fuel cell applications 

is driven by a strong and rapidly rising demand for portable 

power that has already outstripped the capability of traditional 

batteries. It can be divided into three main sectors: consumer 

electronics, portable remote power, and military applications. 

Consumer electronics include many items which we use in daily 

life, like mobile phones, MP3-players or laptop computers. With 

systems being integrated into astonishing small sizes there is 

now a range of plug-in kits that replace the standard batteries as 

well as external battery rechargers in development (see figure 6). 

Figure 6: Fuel cell powered mobile phone recharger.
Courtesy of: NTT DoCoMo - www.nttdocomo.com 

Portable remote power systems provide power to the user on 

the move, with obvious examples including mobile phones 

and laptop computers.  Examples also include the provision of 

power requirements for recreational/leisure vehicles. Also military 

applications cover a broad range of systems, mostly small 

devices that soldiers help to power the manifold warfare items 

they have to carry around, including laptops, nightsight goggles 

or various communication or sensing equipment, but also larger 

power modules for campsite supply. Undoubtedly, the army is 

the biggest investor in the field of portable applications. Large 

research contracts and early forward orders give the necessary 

push to the market to reach mass market status.

Many of these systems use methanol instead of hydrogen as a 

fuel for which reliable, small systems with easy-to-use cartridges 

of fuel exist, but which have certain restrictions in power density. 

These systems are covered here for completeness, but due to 

the nature of the applications and their use they are not deemed 

relevant for a community project.
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1.5 Infrastructure Projects

There are some communities where it may be appropriate 

to deploy more than one of the above applications in an 

interdependent way, providing early adopter infrastructures. 

These projects consist of two or more project parts that feed 

one into another, using synergies either in the production or the 

use of energy and interacting through infrastructural links. This 

could involve renewable energy sources which, for example, 

feed electricity into an electrolyser that produces hydrogen. This 

hydrogen is then transported and provided to a stationary fuel 

cell to provide heat and power, but also to fuel a car. Alternatively 

the remaining hydrogen could be filled into bottles which are 

dispensed at a central filling station. If this filling station is at 

the site of an industrial end-user, the hydrogen bottles could be 

used to refill hydrogen powered light-duty trucks or to refuel a 

forklift (see figure 7). Another scenario, one which is very likely 

in the transition phase towards a hydrogen economy, involves 

surplus hydrogen (gaseous) from industrial producers. Studies in 

Roads2HyCom have shown that each year there is potentially a 

very significant quantity of industrial surplus hydrogen available 

in Europe. This hydrogen could be used to instantly supply 

early user centres at moderate prices if those are in reach of 

the source, although in most cases this Hydrogen is not from a 

“green” or low carbon source. 

Figure 7: Electrolyser, hydrogen filling station and light-duty industrial truck. Remaining hydrogen 
could be used for a stationary fuel cell providing electricity and heat for a warehouse.
Courtesy of: H2 Logic A/S - www.h2logic.dk



www.roads2hy.comPage 24

If a community is not within an acceptable proximity to a 

production source, the use of liquid hydrogen might develop to 

be a viable alternative for a number of years. Liquid hydrogen 

has a far greater energy density and can thus be transported 

great distances within economic reason. An example is London, 

where during the fuel cell bus project “CUTE” (2001-2006) 

liquid hydrogen was trucked in from as far as the Netherlands to 

supply the London bus refuelling station with hydrogen.

1.5.1 Strategic Opportunities

Infrastructure projects give a taste of the future. They are a very 

realistic approach to what is often referred to as the “hydrogen 

economy”: a future vision of a society where hydrogen is fully 

pervasive as a versatile energy carrier – able to produce the gas 

from virtually every fossil or renewable primary energy source, 

and able to utilise it efficiently in any application on the market.

Even if this situation is still far away, these projects can 

demonstrate possible synergies between various energy sectors 

using linking infrastructures and so can provide great learning 

potential. Often, the combination of different applications 

would cater for the needs of a community, but solutions for 

how these different applications or sectors can interact with 

each other are lacking. Infrastructure projects allow exploration 

of the possibilities and the advantages of the interaction of 

different applications, but also to understand what are the critical 

bottlenecks in a system and where incompatibilities prevent the 

seamless interoperation of two or more technology strands. 

1.5.2 Timescales and Costs

Timescales as well as costs are dependant on the individual 

technologies which are being deployed (see earlier sections). 

The main challenge will be the overall integration of the single 

components to a working multi-part system. This integration  

and the resulting efficiency and reliability of the entire setup  

will determine its development towards a commercial system.
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1.5.3 Case Study

PURE Promoting Unst Renewable Energy

The PURE (Promoting Unst Renewable Energy) project is a fully 

community owned demonstration project on the island of Unst, 

the most northerly island in the British Shetland Isles. It shows 

how wind power and hydrogen technology can be combined to 

provide the energy needs for a remote rural industrial estate with 

five business units. 

The main drivers to set up the project were the high energy 

costs on the island which, due to the remote northerly location 

of Unst, are among the highest in the UK. The majority of energy 

expenditure was found to be in the form of energy for heating 

and transportation fuel. At the same time, though, the Shetland 

Islands have some of the best renewable energy resources in 

Europe with annual recorded wind turbine performance almost 

reaching twice that of equivalent turbines elsewhere in the 

UK and Denmark. Unfortunately, this power cannot easily be 

transported to the demand centres in central UK and Europe 

because of the island´s location. Also the existing island 

electricity grid has only limited capacity to absorb intermittent 

renewable energy sources which lead to the idea of developing 

a sustainable energy system that can operate independently of 

the constrained electrical infrastructure. The captured energy is 

stored in the form of hydrogen for use in both transportation and 

the generation of ‘on demand’ electrical power.

At present two wind turbines offer the most cost effective 

method of clean energy generation, but the PURE system was 

designed in a way so that any type of renewable resource could 

be connected to it such as wave, tidal, solar, or even the grid in 

case green tariffs are being solicited. A battery based electric 

vehicle was converted to run with a hydrogen fuel cell, now 

fuelled exclusively by the PURE system which makes the  

electric car one of the only 100% carbon free vehicles on the 

British roads.

Significant differences between the PURE project and other 

hydrogen energy systems deployed around the world are the 

scale and the low budget within which it has developed. 
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Despite these constraints the project has established the PURE 

Energy Centre Ltd (PEC) to commercialise and further develop 

their hydrogen-based products, creating jobs, inward migration 

and new investment in Unst, and putting the Shetland Isles onto 

the world renewable energy map.

Figure 8: Staff of the PURE Energy Centre (PEC) in front of the electrolyser housing that provides also 
fuel for the fuel cell vehicle in the front. Courtesy of: PURE Energy Centre-www.pure.shetland.co.uk

1.6 Costs of Hydrogen

Hydrogen may be generated and supplied to a project in a 

variety of ways, and the cost of the fuel will vary substantially as 

a result. Hydrogen may be generated remotely and delivered via 

truck (gaseous or liquid) or via pipeline transport. Costs are here 

mainly defined by the cost of transporting the hydrogen, not so 

much the cost of the hydrogen itself. Generally, pipelines would 

only be economically feasible where there is a demand for very 

large quantities of hydrogen, and truck transport used for lower 

(but still significant) volumes of hydrogen. 

An alternative is on-site production of hydrogen, for instance 

from existing surplus production capacity, or via electrolysis or 

small steam reforming units. For on-site hydrogen production 

in the range of 1 - 300 Nm3/hr the largest cost items are the 

investment costs for the electrolyser or the steam reformer, and 

for the hydrogen storage. Especially if the production only runs
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a few hours a day at full load these fixed costs can be significant. 

The variable costs, for instance the electricity or natural gas price, 

also have an important impact on the resulting cost of hydrogen.

For a project which tries to avoid the investment costs for  

on-site production, external delivery is a reasonable option. 

The hydrogen available on the market is mainly produced via 

steam reforming, which reduces the cost but also produces CO2. 

Should there be a need for CO2 free hydrogen, though, it would 

be possible to compensate the CO2 emissions, e.g. by buying 

emission certificates. 

Clear cost statements are difficult in this respect as most 

studies are based on ‘average’ technologies and extrapolation 

of costs in the future, not a thorough micro-economic analysis 

of real equipment and operating costs. Probably the most 

useful reference is therefore the European Commission which 

has collected cost ranges of different hydrogen production 

technologies during a semi-public consultation process with 

experts in the field, compiling an overview of the currently 

 “best knowledge” of European professionals.

Table 2 shows a comparison of costs versus environmental 

and energy security impact of various hydrogen production 

technologies. Hydrogen produced from wind energy with 

electrolysis stands out as the most expensive option albeit 

offering the highest environmental and security related benefits. 

Figure 9 shows a breakdown of these into investment and 

operation costs.

2 European Hydrogen & Fuel Cell Technology Platform: Strategic Research Agenda. July 2005.

3 European Hydrogen & Fuel Cell Technology Platform: Deployment Strategy. Aug 2005.
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Natural Gas 
(SMR)

Grid 
Electricity
current 
EU-mix 
(electrolysis)

Wind 
(electrolysis)

Biomass 
(gasification)

Hydrogen 

costs (excl. 

distribution)

1.00  ¤/kg 3.75 ¤/kg 6-8 ¤/kg 3-4 ¤/kg

Positive impact 

on security of 

energy supply

Modest high high high

Positive 

impact on 

GHG emission 

reductions

neutral to 

modest

negative to 

neutral

high high

Table 2: Hydrogen cost estimates

The positive impact of grid electricity electrolysis on security of energy supply solely refers to the transport sector and disregards 
the dependency on imported uranium, coal, oil and gas in the electricity sector. Source: European Commission/ Hydrogen & Fuel Cell 
Technology Platform: Deployment Strategy, 2005.
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Figure 9: Range of hydrogen costs for steam reforming and electrolysis. Each bar is divided into operating costs and investment 
costs. For comparison the costs of electrolysis with offshore wind from Germany is shown. Source: European Commission/Hydrogen 
& Fuel Cell Technology Platform: Strategic Research Agenda, 2005

€
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€

 
Figure 10: Hydrogen pump prices for different pathways (assuming 2 million vehicles serviced) compared with the gasoline price 
levels (incl. Mineral oil tax, excl. VAT) in 2004. 
Source: European Commission/ Hydrogen & Fuel Cell Technology Platform: Deployment Strategy, 2005 with data from HyNet

From this figure it becomes clear that untaxed hydrogen prices 

for centralised and de-central production pathways could 

compete with gasoline prices in the EU 15 (excl. VAT, based on 

2004 level) if the pathways are based on natural gas reforming 

or electrolysis with electricity prices below 4 cent/kWh.

Fuel supply costs
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1.7 Typical Cost Items of a Project

Every project can be divided into five execution phases: the 

definition of the problem and the goals, the preparation 

of the contract, the detailed planning of all operations, the 

implementation of all plans including controlling, and the project 

completion phase in which the documentation is prepared or 

project extensions are discussed.

While it is comparatively clear that a community project will 

need experienced project management for the implementation 

phase, simply due to its size, the cost of the entire preparation 

(pre-contract and planning) is often underestimated. Since 

the success of applications for funds will often depend on the 

quality of the project proposal, sufficient finance has to be 

allocated to the preparatory phase. This does not necessarily 

mean that external services have to be contracted, but even the 

work of existing staff and the use of offices and internal services 

(overheads) should effectively be accounted for in the project 

efforts. A milestone will be set at which a decision has to be 

taken to follow the project through or abandon the initiative. 

This will mostly be the point in time when the total finance for 

the project has been acquired. From this milestone onwards the 

practical planning of the project can take place on a secured 

basis with a low risk of losing effort (equivalent to money) due 

to unforeseen or uncontrollable circumstances, as for instance a 

refusal of funding from a potential funding agency.
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Table 3: Typical cost items when planning a project

Phase Cost Categories Examples

Project-definition manpower preparatory work

travel expenses meeting at project partner

overheads offices, telephone charges

consulting, external experts project definition & shaping

Project contract manpower project manager

travel expenses project meetings

external legal services legal fees

overheads offices, hosting meetings, postal charges

Project planning manpower project manager & assistant, project 

office

travel expenses meetings with project partners

cost of prefinancing debt guarantee

overhead costs secretariat

Project implementation manpower full project team

equipment costs fuel cells, hydrogen storage,  

vehicles etc.

cost of financing payments for interest

external service costs installation of equipment

travel expenses presentations & attendance at 

conferences
overhead costs secretariat and offices

Project completion manpower reduced project team

travel expenses meetings at project partners

overhead costs accounting, final reporting, 

documentation



www.roads2hy.com Page 33

Hydrogen and fuel cell technologies have much to offer 

– increased efficiency, reliability, lower emissions; but much 

development work will be required to develop the technology 

towards maturity and achieve mass uptake. The scale of the task 

is substantial, and the hydrogen and fuel cell industry recognises 

that end users and community led projects have a vital role to 

play in helping to develop the technology.

This chapter sets out the benefits to communities arising from 

their proactive involvement in hydrogen and fuel cell projects. 

It also identifies how these projects are vital in helping the 

technology providers improve their offer. The objective of this 

chapter is to help the reader structure a project that can best 

achieve real benefits for the proactive community and for the 

technology providers.

2.1 Technology benefits

Hydrogen energy and fuel cell technologies have the potential 

to change how we generate and use energy. However the sector 

is undergoing rapid development, and further work is required 

before the technology can fully achieve its potential. It is widely 

recognised that this is a task of global proportions. 

Most demonstration projects are designed around the  

pre-commercial nature of H2+FC technologies. 	The most 

successful demonstration projects are those which understand 

this and are designed to progress the technology forward to 

the next phase of development. Some of the most important 

technology and commercially related issues are set out below. 

2.1.1 Generating early markets

The “Early adopter” is a vital consumer group. By adopting a 

technology while it is still in its pre-commercial phase, early 

adopters provide vital early revenue streams to technology 

developers. In turn this sends a positive message to investors, 

which facilitates continued investment in product improvements, 

cost reductions, and the scale up towards mass production.  As 

shown in Volume A of this handbook series, a general concern 

with the H2+FC sector is that volume manufacture is required to 

bring the cost per unit down to more competitive levels. Early 

adopters provide a vital link that can bridge the gap to the mass 

market. When compared to the mass market, early adopters are 

generally more “flexible”; perhaps willing to pay more and accept 

reliability issues.  

 

2.	 Benefits of Community 
Engagement
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The public sector is often an early adopter for environmental 

technologies, frequently preceding regulation which requires 

their widespread use. Collective procurement, with a number 

of community or public sector entities working together, can 

significantly increase leverage and influence the direction of 

technology development. 

percentage 
adopted



www.roads2hy.com Page 35

The hydrogen bus alliance  was set up in 2007 with nine 

members representing cities and municipalities from Europe, 

North America and Australia. The Alliance aims to:

Case Study

The hydrogen bus alliance

From a vehicle supplier perspective, a single organisation  

with coherent plans for procuring e.g. 200 buses, will be  

very influential.

Share information on bus procurement activities◗◗

Promote the use of hydrogen buses to other cities and ◗◗
municipalities

Develop a strategy for joint activities, (potentially ◗◗
including joint procurement)

  6www.hydrogenbusalliance.org
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2.1.2 Field testing

In common with other novel technologies, H2+FC’s require 

extensive field testing to ensure the products are safe, practical 

and usable. For example, fuel cell stack lifetimes vary according 

to how they are used, and the number of on-off cycles they 

are subjected to. It can sometimes be difficult or impossible to 

reproduce these conditions in a controlled laboratory setting and 

so field testing is a vital element of today’s community projects.

There are also a host of non-technical challenges that can 

only be addressed by deployment in the field. An example is 

hydrogen vehicles, where refuelling infrastructures need to be 

developed and deployed. Spatial requirements, safety concerns 

and planning constraints all need to be addressed. 

2.1.3 Public acceptance

Another non-technical issue that arises through field deployment 

is the reaction of the general public to the technology. It is not 

possible to be definitive about what a particular community’s 

reaction will be. However, it is clear that one cannot assume that 

the general public will be well informed on hydrogen and fuel 

cells. It is a novel technology, and “fear of the new” has led some 

community representatives to make overly cautious decisions. 

2.2 Community benefits

A significant amount of funding for H2+FC projects is from the 

public sector. Generally the public sector has two broad goals: 

economic development within their region, and “public good”, 

such as reducing local pollution or CO2 emissions. 
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2.2.1 Economic Development

A community led project will receive greater local support 

if a strong case can be made for the project contributing to 

economic development in the region. There are a great many 

ways in which this could occur, including:

Any strategy that includes the above should be realistic as to the 

timing for the commercial introduction of hydrogen and fuel cell 

technologies. Pre-commercial assistance, in whatever form, will 

be required throughout the period up to commercial introduction 

of the technology.

2.2.2 Skills retention and development

This factor is linked to economic development mentioned 

above. The potential for hydrogen and fuel cells to be a massive 

economic growth area is a view shared by many countries 

and regions. In particular, areas experiencing an economic 

downturn due to the displacement of existing industries, see new 

technology – including fuel cells – as a means for  

economic growth. 

A regional investment in a novel technology such as fuel cells 

can encourage some of the existing (highly skilled) workforce to 

remain in the area and so avoid the (possibly permanent) loss of 

key workers. However, as with economic development, a strategy 

aimed at achieving these ends will need to be relatively long 

term to account for the commercialisation timescales of fuel cells.

Providing assistance to a business setting up a new ◗◗
factory.

Developing a regional market of a significant scale, ◗◗
sufficient to attract R&D labs and manufacturing bases  

to the region.

Identification of how existing industries could diversify ◗◗
into fuel cells and hydrogen.

Setting up a demonstration project where regionally ◗◗
based companies could make a strong case to supply 

their technology. 

Promoting the green tourism benefits arising from ◗◗
reduced pollution levels (see below).
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2.2.3 Pollution

From the perspective of hydrogen and fuel cells, pollution can 

be described in terms of local and global impacts. Increasingly, 

public sector agencies are developing policies on global 

pollution, for example CO2 emissions. Local pollution concerns 

are more a function of where the community is. Typically it is 

high up the agenda for urban or industrial areas, whereas it is 

much less of a problem for remote areas.

Local Pollution

In cities, the emissions of NOx and SOx, dust and particulates 

are significant public health issues. Many authorities have criteria 

setting maximum allowable concentrations of these pollutants. 

The largest source of these is from fossil fuelled vehicles; 

particularly older vehicles designed before the introduction of 

Euro emissions standards for vehicles. 

Hydrogen powered fuel cell vehicles are zero emission at 

the point of use so represent an important solution to these 

problems. The introduction of Euro emissions standards has 

already greatly reduced NOx and SOx emissions from new 

vehicles and these limit the benefits to be gained from the 

introduction of fuel cell technologies. However, the widespread 

use of diesel, particularly in larger vehicles and buses means 

there is a particulate issue and fuel cells could facilitate 

significant reductions here, especially where existing vehicles are 

not fitted with particulate filters.

Local air quality benefits are not limited to transport applications. 

Cogeneration equipment above a certain capacity is also 

subject to regulatory standards and this adds cost. Fuel cell 

technologies, particularly high temperature fuel cells should have 

an inherent advantage in this regard.

Finally, the low noise levels from fuel cell electric drivetrains 

(relative to combustion engines) is another benefit of the 

technology that some stakeholders would value. 

Global Pollution and CO2

This well-known issue is high up on the agenda of many regions 

and states, with Europe taking a proactive stance on CO2 

reduction. One of the expectations of hydrogen and fuel cells is 

the significant reductions in CO2 that could arise from their use.
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Undoubtedly, hydrogen and fuel cell technologies are a key 

technology for reducing CO2 emissions, but the degree of 

reduction is very variable, being dependant on the primary 

energy source used, the hydrogen production and delivery chain, 

and the device used at the end of the chain. Understanding 

this “energy chain efficiency” issue can be vital to the technical 

credibility of a project.  To illustrate this point, the graph below 

compares CO2 emissions per kilometre for passenger cars, with 

technologies and efficiencies expected in the year 2030. Above 

the red line are emissions from a range of non hydrogen or fuel 

cell technologies, such as standard gasoline cars, biofuels, and 

battery electric vehicles. Below the red line there is a range of 

H2+FC alternatives.  If the primary energy source is renewable 

– from wind for example, then the resulting chain has low 

emissions. Even some fossil fuel chains, such as those using 

natural gas, or coal with carbon capture and storage, can result in 

significant CO2 savings with hydrogen and fuel cell technologies. 

However there are also some hydrogen energy chains that result 

in higher emissions (relative to the baseline gasoline technology). 

Care should be taken with these energy chains; in the short term 

their use may be valid if the goal is to demonstrate technology or 

to develop markets, but their adoption in the longer term should 

be avoided if CO2 reduction is the goal.

Figure XX: Comparison of CO2 emissions from a variety of primary energy sources and vehicle types. IC = Internal Combustion, CCS 
= Carbon Capture and Storage. (7 ) 

7 UK Hydrogen Energy Strategy, 2005, Element Energy, E4tech, Eoin Lees Energy. 

Comparison of C02 emissions from a variety of sources and vehicle types
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2.2.4 Security of Energy Supply 

Security of energy supply is an issue of growing concern, usually 

addressed by national level and EU policies. 

Hydrogen and fuel cell energy systems can help with security 

of supply in two ways. Firstly, if hydrogen and fuel cell energy 

systems achieve high efficiencies in practice, then they will 

represent a more effective use of resources. 

Secondly, a great advantage of hydrogen is that many domestic 

primary energy sources can be used in its generation, so 

reducing dependence on any one energy source. Carbon capture 

and storage (CCS) technology may become another option for 

generating large quantities of hydrogen. If coal is used as the 

primary energy source, and if CCS becomes a viable technology, 

then a relatively plentiful fuel source within Europe could be 

exploited to produce low carbon intensity hydrogen. 

2.2.5 Local energy use

Renewable energy sources are sometimes “stranded” – too far 

from major utility infrastructures to be economically viable. If 

there were to be a way to use this energy in the local area, then 

this would avoid construction of a costly energy transmission 

infrastructure.

Hydrogen’s role as an energy “vector” rather than an energy 

source (see volume A) means that it is often suggested as a way 

of solving the above problem by storing locally produced energy 

(e.g. from wind energy via electrolysis). Useful energy could 

then be reproduced at a later time; some projects propose that 

vehicular applications would be most appropriate in  

these systems. 

If designed appropriately, such systems can be very valuable 

from a number of view points. Technically, they could provide 

valuable understanding of how to design integrated renewable 

hydrogen energy systems, and the operation of electrolysers 

under variable load. For the community, such systems are very 

novel, and their development not only brings publicity benefits 

(see below) but also the opportunity to develop highly skilled 

jobs. Islands and some remote areas may be eager to exploit 

those benefits. Nevertheless, such energy systems face a 

considerable challenge in reducing cost and reducing losses 

within the energy conversion processes, and expectations of 

their economic viability should be carefully assessed.
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2.2.6 Branding and publicity

The novelty of hydrogen technology, combined with its potential 

to change the way we generate and use energy, means that 

early demonstration projects, are likely to receive significant 

levels of publicity. Provided the project is well run and safely 

operated, this is an obvious benefit to the community and to the 

technology suppliers. However, as more and more projects are 

deployed, the novelty wears off. As mentioned above, projects 

should try to build in a sustainable business plan to avoid the 

development of one-off, high profile initiatives that do little to 

move the technology towards commercialisation. 
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3.	 Key success criteria for 
hydrogen communities
3.1 Introduction

The Roads2HyCom project researched and identified a number 

of attributes & criteria which are common amongst successful 

hydrogen projects, irrespective of the community or technical 

focus of the project. Checking if a given community meets these 

criteria should help planners to improve the quality of the project 

and improve the opportunity for successful implementation. 

Also, the process should help these community stakeholders 

understand how their initiative can fit into a successful European 

strategy. These issues are identified in the following sections. 

3.2 Political Will 

Political will can be understood as support from local, regional 

or national governments, public administrations or other bodies 

relevant to policy formulation. Examination of existing projects 

shows a strong correlation between success and political 

will (see section on regional attitudes and policies for some 

examples). While it is well known that political will can help solve 

key problems such as funding, there are many other benefits 

such as:

promotes public acceptance and further stakeholder ◗◗
participation

provides for assistance and critical support in phases ◗◗
where the project meets non-technical barriers (e.g. for 

licences to operate, planning procedures)

is the precondition for direct funding from public ◗◗
bodies

helps to improve market trust and might thus open new ◗◗
financing sources

mobilises awareness at community level for ◗◗
environmental/renewable energy issues including 

alternative fuels 

experience suggests that successful projects are ◗◗
normally backed by political will
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Useful political support may be generic – for example regional 

strategies and R&D spending supportive of the hydrogen energy 

sector. Once this is in place, project specific assistance may 

be provided, such as general financial support, administrative 

support, or pre-project assistance. In order to gain and maintain 

political support it is crucial for stakeholders of potential 

hydrogen communities to:

http://www.pdclipart.org/displayimage.php?album=38&pos=4

approach policy makers and public administration as ◗◗
early as possible, preferably those in charge of energy/

transportation, infrastructure and/or sustainability issues

suggest and organize strategic planning documents ◗◗
(see below, buy-in from stakeholders): political will and 

stakeholder acceptance usually go hand in hand

organize regional co-funding, even small sums can be vital ◗◗
during pre project development

organize responsibility: ensure that it is the agreed ◗◗
responsibility of someone from the local or regional 

administration or any agency to be in charge of 

developing the project

be aware of risks: there might be political changes or ◗◗
changing preferences – political will usually needs to be 

maintained over time, i.e. project managers should seek 

for continuous cooperation and consensus with other 

parties 












































