
EUROPEAN COMMISSION

Community research

Hydrogen
and Fuel Cells -
A Handbook for
Communities

Volume C: Developing  
and Running Projects
Feb 2009

D
E

S
IG

N
: w

w
w

.p
a
u

lw
e
sto

n
.in

fo

www.roads2hy.com
www.paulweston.info


www.roads2hy.comPage 2

The European Commission is supporting the Coordination 

Action “HyLights” and the Integrated Project “Roads2HyCom” in 

the field of Hydrogen and Fuel Cells.  The two projects support 

the Commission in the monitoring and coordination of ongoing 

activities of the Hydrogen and Fuel Cell Platform (HFP), and 

provide input to the HFP for the planning and preparation of 

future research and demonstration activities within an integrated 

EU strategy.

The two projects are complementary and are working in close 

coordination.  HyLights focuses on the preparation of the 

large-scale demonstration for transport applications, while 

Roads2Hycom focuses on identifying opportunities for research 

activities relative to the needs of industrial stakeholders and 

Hydrogen Communities that could contribute to the early 

adoption of hydrogen as a universal energy vector.

Further information on the projects and their partners is available 

on the project web-sites www.roads2hy.com and www.hylights.org. 

Members of the Roads2HyCom project contributed to the 

contents of this volume and commented on draft versions. Their 

input is gratefully acknowledged. 
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VOLUME C: DEVELOPING 
AND RUNNING THE 
PROJECT
This is the third and final volume in the series of hydrogen 

handbooks for communities. The intended purpose of the 

handbooks is to provide comprehensive guidance to those who 

are considering, or currently engaged in, the development of 

a hydrogen or fuel cell energy project. The advice tries to be 

independent and dispassionate, identifying both the potential 

and the drawbacks of this emerging energy sector.

Volume A acted as a general introduction to the field of 

hydrogen used in energy systems, while Volume B provides 

useful information and practical guidance for those seriously 

considering the development of a hydrogen energy project. 

The purpose of this volume is to give the reader detailed insight 

into the many challenges that may be faced by those running 

hydrogen projects – on the principle that to be forewarned is 

to be forearmed. The information contained here is backed up 

by practical project development experience, and references 

important topics such as technology procurement, project 

financing, safety, and ensuring the long-term economic viability 

of the activities. 

www.roads2hy.com
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The previous handbook volumes have provided information on 

specific applications, technology components, and integrated 

projects. The specification, procurement, and operation of each 

hydrogen and fuel cell (H2+FC) project will vary according to 

the country, region, application and technology used. Despite 

this there are a number of common issues which should be 

addressed to ensure that projects are designed with safety 

in mind, procured efficiently, costed sensibly, and operated 

successfully.

1.1  Project Budget

Chapter 3 in this volume provides details on project funding 

and financing. Nevertheless, it is clearly the case that H2+FC 

projects are dependent on significant levels of public funding. 

The requirement of co-funding from commercial organisations 

(a precondition in many national and EU funding programmes) 

can encourage project developers to strip out cost elements in 

an effort to minimise the overall budget. However, most H2+FC 

technologies are not yet commercial, and budgets should 

properly reflect the higher capital costs, maintenance costs, and 

R&D requirements of H2+FC projects. Elements of a sensible 

budget include:

 

1. Project Design and 
Operation

Technology capital costs from suppliers ◗

Replacement costs for components with limited service  ◗
life / durability (e.g. fuel cell stacks)

More comprehensive warranty arrangements or other  ◗
methods for transferring risk to the supplier

Operation and maintenance costs ◗

Co-funding and grant writing ◗

Insurance ◗

Project management during the feasibility assessment  ◗
and project development stages

Project management during operation  ◗

Publicity and outreach costs  ◗

www.roads2hy.com
www.roads2hy.com
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A sensibly costed project will make efforts to reduce risks to an 

acceptable level. 

 

1.2  Gantt chart

A project timescale / Gantt chart is a basic element of well 

developed and managed projects. The time implications of 

certain elements are often underestimated. These elements 

include: 

Professional costs (notably legal and engineering /  ◗
technical input on new procurement arrangements)

Costs of securing permissions, etc.  ◗

Contingencies (which should reflect the level of risk in the  ◗
project)

Currency contingencies (e.g. for purchasing US fuel cells  ◗
in dollars)

Projections / Contingencies for increases in raw energy  ◗
prices

Obtaining budgetary sign off - this may be a protracted  ◗
process particularly if the level of funding is dependent 

on other decisions (such as grant applications).

Tender/specification development – this can be a lengthy  ◗
process where new technology is being procured. The 

modification of existing tenders (which are based on 

incumbent technology) could be a very drawn out 

process. The specifications need to be developed in 

consultation with potential suppliers, and must achieve a 

balance between realistic expectations while pushing the 

technology towards commercial operation.

Procurement - this may be relatively quick if the client  ◗
is a private/commercial entity. However, it could be 

extremely protracted if the client is a public body with a 

requirement for competitive tendering. 

www.roads2hy.com
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Contract negotiation – the novelty of H2+FC systems can make this a  ◗
lengthy process. For example, the fuel cell supplier might base his warranty 

on a very pure hydrogen source; yet that purity may not be achievable in 

practice. The transfer and trickledown of risk between suppliers may not 

always be possible, in which case the client procuring the equipment may 

have to shoulder the enhanced risk.

Permits – the lack of hydrogen safety standards (relevant to its public use  ◗
as an energy vector) can result in lengthy planning delays.  

Construction and delivery – this would need to be evaluated on a case by  ◗
case basis, budgeting 6-12 months for construction may be reasonable. 

Other benefits of a detailed timeline include the identification of critical paths 

and the early identification of delays and their implications. 

For reference, a timeline based on a real H2+FC project is included below. 

www.roads2hy.com
www.roads2hy.com
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1.3  Project documentation

It is important to establish a clear purpose for the project at the 

outset. This should be set out in a clear project plan, agreed by all.

A project plan with a clear purpose will make it easier to identify 

how the project lines up with local or regional aspirations. This 

will facilitate negotiations for regional public funding. Also, 

without a clear purpose, it will be hard to measure the success of 

the project. 

A project plan is useful as it captures the requirements of the 

project and so can be signed off within the organisation. More 

importantly, a project supervisory board can refer to it in the 

event of problems arising, or where the project deviates from the 

original intentions.

It is also sensible to develop a risk register, which should be 

regularly reviewed.

Objective - What is the project actually trying to achieve  ◗
(jobs, publicity, demonstration)

Reasons for doing the project -  (CO2 reduction, air  ◗
quality improvement, jobs)

Specifics about the aspiration of the project (e.g. “to  ◗
demonstrate the real world performance of hydrogen 

buses in equivalent daily operation to diesel buses, for a 

five year period”)

www.roads2hy.com
www.roads2hy.com
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1.4  Project Governance and Management 

One of the rationales behind the Joint Technology Initiative (JTI) 

for H2+FC within the EU Seventh Framework Programme (FP7) 

is the recognition that larger scale initiatives are required to help 

the technology approach a competitive position. The cost of 

demonstration projects may easily surpass tens of millions of 

Euros. With projects of such a scale, a formal project governance 

structure is a prerequisite. Full time project management is also 

very likely to be required for projects at this scale. 

There are many examples of efficient project governance 

structures, and one example is provided below. Important 

elements include:

A set of clear terms of reference - so that all stakeholders  ◗
understand the expected objectives; these should be 

referred to at intermediate times to measure the success 

of the project.

A project board - which is separate and independent  ◗
from the project team – this delineation is important as 

the board should keep the overall, strategic goals in mind, 

while the project team is more concerned with day to day 

details. The board should have decision making powers. 

The project team - should report progress to the board at  ◗
regular intervals. 

Representation of key stakeholders – such as legal,  ◗
procurement, budgetary and technical.

www.roads2hy.com
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Project Board - key
stakeholders eg:

Project team
level

Day to day
management
and reporting

Public
funder

External
consultants

Main contracting
agency

Agree overall
project goals

Agree terms of
reference

LegalMain contracting
agency

Legal

Suppliers Public
authorities

Legal

External agents

Procurement Technical Financial

1.5  Risk register

Large and potentially complex projects should develop a risk 

register. This identifies all the potential problems that could occur 

on the project, and the impact each would have on the project 

should they occur. A mitigation plan should be drawn up for all 

issues that could have a serious and detrimental impact on the 

project.

At each stage of the project a register of potential risks needs 

to be generated. The risks need not just be technical, or safety 

related – they may also include vital issues such as, funding 

availability, financial viability of suppliers, obtaining planning 

permission, the loss of expert knowledge due to a person on 

the project team or project board leaving the project. Each issue 

should be categorised according to how likely it is to occur, 

and what the impact would be if it were to occur. For example, 

an event which is highly unlikely, but which would be very 

detrimental to the project, is still a moderate risk and so an action 

plan should be drawn up, either to reduce this risk, or to ensure 

that the consequences are manageable, should it occur. The 

tables below give guidance on how to categorise risks, and what 

may be required in response.

Project Governance and Management

www.roads2hy.com
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Highly unlikely

Slightly harmful Harmful Extremely harmful

Unlikely

Likely

Trivial risk

Risk level Actions required

1. Trivial No actions required - good practice requires that the risk is recorded

2. Tolerable No actions required - although changes should be implemented if
relatively cheap. Good records need to be maintained to ensure risk
is controlled

3. Moderate Limited amount of early action required to reduce or eliminate risk.
Good monitoring required to identify risks before they become
substantial

4. Substantial Urgent action needs to be taken to remove or eliminate risk

5. Intolerable Whole project is at risk. Imminent action is required

Tolerable risk

Moderate risk

Tolerable risk

Moderate risk

Substantial risk

Moderate risk

Substantial risk

Intolerable risk

1.6  Specialist advice 

Depending on the scale and complexity of the project, it is likely 

that some specialist advice will be required. While this will incur 

costs, professional input will raise the quality of the project and 

help ensure that many problems are avoided before they are 

encountered. Examples of specialist input that might be  

required include:

Lawyers – for procurement processes, tender and  ◗
contract negotiations

H2 and Energy Engineers – for initial project scoping,  ◗
outline and detailed technical feasibility and equipment 

requirements, identifying potential suppliers, and 

assembling a budget

Safety experts – required to guide the project through  ◗
the approval processes and ensure safe operation

www.roads2hy.com
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2. Technology 
procurement
 

The coordinator / client / organiser of a large-scale FP7 H2+FC 

project may be acquiring tens of millions of Euros of equipment 

and services. The efficient operation of a procurement process 

will keep the project on track and ensure value for money. 

The focus of this chapter is competitive tendering. Given the level 

of public funding to H2+FC projects, and the fact that many of 

these projects have had a public sector body as the coordinator, 

competitive tendering will be a legal requirement. Alternatively, if 

the project coordinator is a private commercial entity, there will 

be no legal requirement to run a competitive tendering process. 

Nevertheless, many of the points below will be just as relevant to 

commercial tendering. 

2.1  Forms of competitive tendering relevant to H2+FC

There are many forms of competitive tendering that a project 

coordinator may use. Choosing the most appropriate process will 

be informed by issues including:

Level of innovation – with a mature technology or service,  ◗
the client may specify his requirements very closely, and 

may take a highly commercial approach to issues such as 

reliability and maintenance. Experience will have shown 

how suppliers “fail” to deliver properly, and penalties for 

such failures can be very clearly defined. Most H2+FC 

technologies are not commercial. Indeed one of the 

purposes of demonstration projects is to evaluate the 

performance of technologies in the field, to identify where 

problems arise and to build this learning into the next 

generation of the technology. 

Client’s technical experience – with a complex project  ◗
or novel technology, the client may not be in a position 

to specify his tender requirements comprehensively, 

but may need to enter into a discussion with potential 

bidders to identify realistic specifications. Certain forms 

of tender permit this. 

Number of potential bidders – despite the fact that the  ◗
H2+FC sector is growing, there remain relatively few 

technically and commercially viable suppliers for many 

technologies. The limited level of competition should be 

factored into the choice of tender process.

www.roads2hy.com
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Described below are three types of competitive tendering 

process. These are not intended to be comprehensive, but are 

examples of the full spectrum of approaches that could be used.

Single stage tender – This approach is most suited to 

mature technologies where the client is very certain about 

his requirements, and about what the market will provide. A 

comprehensive tender document is produced by the client and 

sent to all bidders, who price the work and return their offer to 

the client. The process is relatively quick and inexpensive and, if 

run appropriately, minimises risk on the client and ensures value 

for money by making clear statements to the market. Typically, 

the expectation is that there would be relatively little variation 

in the approach between bidders, but the tender (which should 

be clear and comprehensive) gives them something to price 

against. It is unlikely to be suited to H2+FC projects unless the 

client is already very experienced with the technology and knows 

precisely what the technical and commercial requirements are. 

Negotiated tender – This is a two stage tender, where the 

client first issues a clear performance specification document, 

and receives tenders from interested bidders. At this point 

the client enters tender negotiations with preferred bidders. 

The main objective of the negotiations is to reduce cost; 

during negotiation it is not (in general) possible to change the 

technical specifications that have already been issued. A two-

stage negotiation is suitable if the client has some experience 

with the technology, and is confident enough to produce a 

comprehensive technical specification.

Competitive dialogue – This is another two-stage process that 

provides the client with an opportunity to discuss and revise his 

requirements during the tender process. The client may issue a 

Pre Qualification Questionnaire, outlining his requirements but 

without being overly specific. From the responses to this, the 

client will decide on a “first cut” of potential bidders who, for 

example offer the required level of technical experience and 

financial stability. These bidders are invited to the dialogue stage, 

where client objectives – and the bidders’ potential to meet 

these – are discussed. Based on these discussions, final tender 

documents are produced and issued to the short-list of bidders. 

www.roads2hy.com
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The competitive dialogue approach is more appropriate 

in situations where the client is unsure regarding technical 

requirements, commercial arrangements, maintenance contracts, 

etc. In this manner it is more suited to the H2+FC sector. However, 

the process may be quite drawn out and add costs.

2.2  Specifying technology

There is little point in developing a H2+FC demonstration project 

unless it achieves technological developments and moves the 

“state of the art” towards commerciality. So, when specifying 

technology and performance requirements a delicate balance 

is required between the short term commercial interests of the 

technology suppliers, and the longer term requirements of the 

market/end users. 

Achieving this balance will be subject to discussion and 

compromise. Nevertheless, it is important that the project 

board is clear from the outset regarding its requirements. These 

requirements should reflect the “public sector” interests – usually 

those of the eventual end users of the technology. This sends a 

clear message to developers regarding what the expectations 

are. Even if these requirements have to be revised subsequently, 

the original goals must be recorded and used to measure 

industry progress towards commercialisation. 

2.3  Running a successful tender process

Successful tender processes provide lots of information to the 

market early. Examples include: 

However, one should try to ensure that the expectations raised 

by this process are realistic.

In many cases it can be a challenge to persuade organisations 

to bid, as the limited supply of the technology means that each 

project is competing for scarce ‘demo’ project resources. If 

feasible, increasing the scale of the project can help the case by 

demonstrating political commitment and showing future plans 

for further deployment beyond the first demo project.

PINs - Prior Information Notices  ◗

Pre-tender workshops ◗

Mid-tender meetings ◗

www.roads2hy.com
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2.4  The appropriate level of risk in contracts

Novel technologies bring increased risks. It is important to 

balance the level of technical innovation with the degree to 

which risk can be transferred to contractors. 

With mature technologies risks may be well quantified, 

costed, and transferred to the suppliers via a comprehensive 

maintenance contract. For new technologies, this information 

may not be available. Also, smaller companies with less mature 

supply chains may not be in a position to accept the level of 

liability implied. Too much risk may be placed on potential 

suppliers. This may lead to a lack of bidders (due to lack of 

information and the inability to price risk correctly), or result in 

overly expensive contracts.

2.5  Warranties and penalties for poor performance

Linked to the above, demanding excessive warranties too far 

in advance of the state of the art, will only discourage bidders 

and raise costs. Risk sharing agreements can reduce everyone’s 

exposure to the consequences of poor performance, while 

maintaining the upside of competitive tenders. The same applies 

for the inclusion of penalties for poor performance – these are 

more appropriate for mature technologies but a compromise 

approach will be needed for H2+FC.

2.6  Limitation of liability

There is often a temptation to push for strong liability clauses 

in a procurement specification (particularly because of the 

safety implications of hydrogen gas). These may be impossible, 

or at least very expensive, for a supplier to accept. Context is 

important; for example, contracts for the supply of hydrogen 

as an industrial gas are more valuable than hydrogen in energy 

systems, and onerous liability clauses may render the project 

commercially unfeasible (from a supplier’s perspective).

www.roads2hy.com
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Similarly, there are implications for consequential damages. 

For example, a hydrogen fuel supplier is unlikely to accept 

onerous liabilities for damage to very expensive fuel cell stacks 

(which could occur due to impurities in the gas or supplying 

at too high a pressure, etc). This is because the value of the 

gas supply contract (i.e. the price of hydrogen) may be lower 

than the potential claim. When the supply chain is immature, 

it is inevitable that the project coordinator will need to play a 

constructive role and accept more risk. Where possible this risk 

should be quantified, and the cost of managing this included in 

the cost plan.

2.7  Benefits of volume purchase

As H2+FC technology approaches commercialisation, costs need 

to come down. One way in which the industry can reduce costs 

is by increasing manufacturing volume. All technologies have a 

progress ratio – this is the relationship between the cost per unit, 

and the number of units manufactured to date. This, of course, is 

good news but there is an important implication for the industry. 

As commercialisation approaches, larger and larger orders are 

required to achieve cost reductions. Individual projects may 

not be able to afford an order of the size required to move the 

industry along the path to commercialisation. 

There is an opportunity here to form alliances with similar 

initiatives elsewhere, and to develop an approach for joint 

tendering. In this manner, higher volume orders can lead to useful 

cost reductions. This is an approach taken by the Hydrogen Bus 

Alliance (www.hydrogenbusalliance.org).

2.8  Provision for operation and maintenance

Frequently, the objective of a technology demonstration is to 

quantify its performance outside of the laboratory, in real world 

conditions. Maintenance contracts should be mindful of this 

constraint and a certain degree of flexibility may be required 

on issues such as availability and performance. Above all, the 

project team needs to ensure there is sufficient budget provision 

for operation and maintenance of the equipment, which may be 

substantially higher than with incumbent technologies. 

www.roads2hy.com
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3. Financing and business 
development

1

 

3.1  Introduction - Background

Hydrogen and fuel cell technologies are by their very nature 

disruptive technologies, meaning that “they have the potential 

to change fundamentally the way we use energy, and products 

using energy, in our daily lives.”2 A disruptive technology is a 

commercially successful innovation that essentially alters the 

manufacturing and delivery of goods and services, while at 

the same time generating novel, unanticipated products and 

services, opportunities and benefits. A defining feature of 

disruptive technologies is that they are often delivered by new-

entrant companies, to such an extent that many long-established 

businesses fail to survive the ensuing shakeout. 

The results emerging from the Technology Review of H2+FC 

research activity by the Roads2HyCom project indicate that 

private independent developers play an important role in 

Europe’s H2+FC sector. Given that many regions have expressed 

an interest in building hydrogen communities3 and the fact 

that H2+FC technologies are still very much in development, 

this chapter deals with how new companies are financed and 

describes the funding institutions and programmes available to 

emerging hydrogen communities. 

Much of this chapter is focused on market-based financing 

concepts of companies. However, it is recognised that currently, 

and for some time to come, a substantial level of funding for 

H2+FC projects will be provided by public sources, whether 

these are local, national, or EU sources. These funding sources 

are also discussed. These two elements need to be discussed in 

parallel, as the relative proportion of funding/financing sources 

will change over the life cycle of technology development.

1 This chapter is an abridged version of “Financing and Business Development” (R2H7001PU) 
which is available to download from  the Roads2HyCom website www.roads2hy.com   

2 HFB Business Development Subgroup, Key outcomes of the Business Development Subgroup 
work conducted between June 2004 and March 2006, 2006, p. 9.

3 As can be seen in the Registration of Interest responses of the Roads2HyCom WP3 Initiative 
(see the Roads2HyCom report “Results from Communities Registration”, document reference 
R2H3011PU)

www.roads2hy.com
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3.2  Financial Instruments

Generally speaking, financial instruments can be sub-divided into 

three broad categories4: 

The following table gives an overview of a selection of these 

instruments. The table highlights the main users and issuers of 

these instruments and identifies the reasons why each class of 

instrument is used and the benefits it affords the issuer.

Debt

Bonds

Institutional
Investors,
Financial

companies

Companies,
Governments

Ability to pay
interest &
principal

Ability to pay
interest &
principal

Retail Banks,
Building Societies

Quoted
Companies

Capacity to
generate profits

and pay
dividends

Private
Companies

Ability to show
superior

technology &
management

National & Local
governments,

European Union

For companies,
proven capacity

to match the
subsidy

Ability to make
profits to benefit
from tax credit

National & Local
governments

Companies,
Home owners

Institutional
Investors,

Private
Individuals

Business Angels,
Venture

Capitalists,
Corporate
Ventures

Companies,
Universities
Research
Institutes

Companies

Mortgages R&D Grants
e.g.

EU Framework
Grants

Tax Credits: e.g.
accelerated
depreciation

Publicly traded
shares

Privately traded
shares

Type of
Instrument

Examples
of users

Typical
Issuers

Constraints

Purpose
of issue

Equity Subsidies

Matrix of Financial Instruments: Debt, Equity & Subsidies 5(Core Technology Ventures table)

Allows companies to pursue their 
own interests by leveraging profits 
with little or no impact on control.

Can attract tax breaks with interest 
payments treated as a cost.

Typically companies choose a 
mixture of debt and equity that suits 
their aims and the current state of 
the economy. E.g. low interest rates 
encourage financing via debt.

Equity gives companies the 
freedom to pursue their own 
best interests in the manner they 
regard as most appropriate, as 
well affording them the ability to 
make use of various government 
subsidies, such as EU Framework 
grants.

However, subsidies related 
to income tax relief require a 
company to generate taxable 
profits.

Allow both governments & 
companies to pursue public 
good and profit simultaneously.

R&D subsidies encourage firms 
to pursue beneficial projects that 
otherwise may be too costly. 

A drawback is that the capital 
required to match grants is not 
always available.

Matrix of Financial 
Instruments: Debt, Equity & 
Subsidies5 (Core Technology 
Ventures table)

4 As presented in the previous chapters of this document

5 Source: Core Technology Ventures Presentation Slide 16: Building on Breakthroughs in Polymer 
Fuel Cells Workshop, The Carbon Trust: London November 19, 2008. Available from:  
http://www.coretecventures.com/presentations/ctrust.pdf

1. Debt (e.g. bank loans, bonds, mortgages) 

2. Equity (e.g. retained profits, share capital) 

3. Public funding (e.g. EU, national and regional funds)
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3.2.1 Financing of companies

A company’s or project’s stage of development, and its available 

resources, will usually determine its financial structure and which 

sources of finance are most appropriate. 

The nature of the H2+FC company (e.g. privately owned 

or publicly listed) and the stage of its development (e.g. 

prototyping or commercialisation stage) play an important role 

in the types of funds it can reasonably expect to access. Well-

resourced companies generating revenues can make use of 

government tax breaks and/or capital allowances. At the same 

time such companies can expect to raise bank loans and/or issue 

fixed interest securities (corporate bonds). Listed companies can 

also raise funds on the equity markets by issuing new shares. 

A privately owned company at an early-stage and focused on 

some aspect of the “Sustainable Energy Economy” is unlikely to 

be generating a significant level of income, or to be particularly 

well-resourced. Hence, its funding sources are more or less 

limited to the financial support provided by ‘family & friends’, 

business angels and/or venture capitalists. Given the lack of 

financial resources and the absence of a meaningful income, 

R&D grants may be difficult to access, particularly if these require 

the company to provide funds to match the grant. It is also 

unlikely that the company could make use of tax breaks, as it 

would not have any taxable income to offset. 

Clearly, if a regional H2+FC initiative involves supporting a small 

technology company, appropriate financial instruments must be 

chosen carefully. If the technology is at an appropriate stage of 

development, funding a regional end users of the technology 

could provide a vital revenue stream for the company. A sizeable 

revenue stream – demonstrating that end-user of the technology 

do exist - can in turn facilitate the company to acquire equity. 

3.2.2 Financing of projects

We now turn to the case of how projects can be financed. 

The figure below generalises the various stages of project 

development, together with the associated potential financing 

sources and typical promoters. The figure is modelled on a 

generic research project and shows how the financial risk 

involved in a research project diminishes as the level of technical 

risk falls. 
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This concept is equally applicable to a business development 

scenario. The figure indicates that as technical risk declines, 

the proportion of equity financing decreases, while the degree 

of debt financing increases. Bank loans and other forms of 

debt are unlikely to be available to the project during its 

early development phase, as the risk of failure is too great. 

Demonstration projects are also unlikely to generate any 

bankable revenue (i.e. revenues that can allow debt to be 

secured in advance). 

However, as the project/technical risk decreases, loan-finance 

becomes the most common source of funding. As the project 

progresses through to commercialisation the total financing 

requirement increases, particularly at the commercialisation 

phase. It should also be noted that grant funding completely 

disappears as the project approaches commercial market entry. 

It is important to note that the figure highlights the potential 

funding methods appropriate to each stage but does not 

comment on the likelihood that such funding is actually available 

for the project.

Generic stages of research projects

Basic Research Applied Research Prototyping Research Commercialisation

Financial needs

Project Risk

GrantsProbable
Project
Funding

Typical
Promoters

Research institutes
Large corporations
Start-ups and

 spin-off
 companies

Research
 initiatives

Corporations
 of all sizes and
 ownership

Corporations
 of all sizes and
 ownership

Corporations
 of all sizes and
 ownership

Equity

Loans

Generic stages of development in research projects6Generic stages of development in research projects6

6 EIB Innovation 2010 Initiative, Guide to Financing Projects from European Technology Platforms, 
Financing Instruments of the European Commission and the European Investment Bank, p.5
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3.2.3 Summary of financial instruments

In summary, when discussing financial instruments and their 

usefulness to the business development of companies within a 

Hydrogen Community, it is crucial that the company considers 

its resources and its ability to meet liabilities. Specifically, the 

company has to consider whether it has the financial (and 

human) resources necessary to access R&D grants or subsidies 

that require the company to at least partially match the 

grant funding / subsidy. Equally, it should consider whether 

it generates the income needed to finance debt instruments 

that require ongoing interest payments, or to make use of 

tax breaks. In the case of independent developers these are 

crucial considerations. Further considerations are related to the 

fact that, due to legal restrictions or out of tradition, different 

entities (SMEs, Micros, etc.) only have accesses to specific funds. 

Another critical aspect is that the ideal application of financing 

instruments has to be aligned with the business stage the 

company is in at any given time.
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The following table gives an overview of various capital providers 

along with the general access criteria for these funding sources:

Finance Access Criteria for SMEs (NTDA table)7

Capital Providers Access Criteria

Family, Friends
Personal connection
Question of trust

Formal meetings
Question of trust
Convincing business plan

Availability of guarantees
Ability for loan repayment
Financial history

Innovative Business concept
Convincing business plan
Management Skills

Convincing business plan
Financial history
Ability to grow fast & have a quick return on investment
Management skills

Job Creation
Productivity

Financial history
Management Skills

Convincing business plan
Innovative Business concept

Convincing business plan
Industry related business plan
Innovative Business concept

Viability & Consolidation
Established company for  >3 years
Positive monthly returns  >2x in previous year
Shareholder equity  >1.5 € million
Capacity to publish quarterly results

Business Angels /
Informal investors /
Spin-off corporate venturing

Banks

Short loans

Venture Capital / 
Financial Corporate Venturing

Public Funding

Guarantees

Seed Capital Funds

Corporate Venturing

New Capital Markets

Finance Access Criteria 
for SMEs7 (NTDA table)

 7 EURADA, December 2003 p.10
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3.3 Public Funding Options

Public Funding sources can be divided into grants and subsidies. 
A grant can be described as a direct financial contribution from 
the EC (or national authorities) to support a “specific action 
or project of a non-commercial nature, to cover eligible costs 
directly incurred by the beneficiaries”8. A subsidy could take the 
form of the provision of a loan at preferential (subsidised) rates.

While grants are undoubtedly useful, they can be blunt 
instruments. For example, the administrative overhead associated 
with securing and claiming grants can be overwhelming. Timing 
for the provision of grants may not coincide with the time when 
an expenditure occurs or when the grant financing is actually 
needed. Finally, most grants come with a requirement for match 
funding. The limited resources of micro companies means many 
may find it difficult or impossible to provide match funding.

The distinct Directorate Generals of the European Commission 
provide certain funding and support instruments to develop 
their specific area of interest. In addition to providing these 
instruments many DGs issue tenders and calls of interest in their 
respective fields of expertise. These calls provide a framework 
that can be used to apply for co-financing up to 50% of relevant 
research studies

Within the European Commission the responsibility for Energy 
related projects lies with the Directorate General for Transport & 
Energy (DG TREN).  The Commission has recently launched, in 
association with stakeholders from the industrial and research 
communities, the “New Energy World” Joint Technology Initiative 
on Fuel Cells and Hydrogen.  This is a public-private partnership 
which aims to accelerate the introduction of these technologies.  
The JTI launches annual calls for grant-funding of programmes, 
from research to demonstrations.  Further information can be 
found at www.hfpeurope.org. 

Further sources of relevant grants are those offered by the 
Directorate General Enterprise and Industry, which supports the 
Business Development of innovative companies. Directorate 
Generals open tenders to the public (i.e. interested companies) 
to supply a product and/or a service on a regular basis.
Information can be found at http://ec.europa.eu/dgs/energy_

transport/tenders/index_en.htm

8  EC, DG Enterprise and Industry, http://ec.europa.eu/enterprise/funding/index.htm

9  HFP Business Development Subgroup - Key outcomes of the work conducted between June 
2004 - March 2006, Early Markets for Hydrogen and Fuel Cell Energy, 2005, p.1. “Early markets are 
defined as those where a hydrogen / fuel cell energy product or system solution may be deemed 
competitive by a potential customer, even at a price that would be considered to be above the fair 
price in a mature market.” 

www.roads2hy.com
www.hfpeurope.org
http://ec.europa.eu/dgs/energy_ transport/tenders/index_en.htm 
http://ec.europa.eu/enterprise/funding/index.htm
www.roads2hy.com


www.roads2hy.comPage 28

More information on EC grant funding and the Joint Technology 

Initiative is included in the Appendix.

3.4  Business Development strategies

Business development - in relation to Hydrogen Communities, 

may refer to the growth of:

 

 

 

With reference to a company, business development implies 

a continuous process where some or all of the following are 

explored:

In principle, similar issues arise when considering the 

development of a Hydrogen Community. The table below maps 

the issues relevant to Hydrogen Community development.

The identification of target markets ◗

The identification of marketing opportunities  ◗

The increase of knowledge about end-users and competitors ◗

The identification of appropriate financing instruments and  ◗
financing structure

The elaboration of a long-term business strategy and vision.  ◗
These are all necessary to ensure the continued viability of 

the organisation. 

A. Individual businesses active in the hydrogen field and   

 located within the community or

B. The development of the Community itself 
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10 Based on Shaw, S. and Mazzucchelli, P, “Results from Call for Community Registration of 
Interest: Mapping analysis of potential Hydrogen Communities in Europe”, Roads2HyCom Report 
R2H3011PU.1, September 2007, available to download from www.roads2hy.com 

Drivers, Early Markets, 
Financing Options, and 
Barriers10 (NTDA table)

Drivers, Early Markets, Financing Options and Barriers10(NTDA table)

Main Drivers

Early Markets

Applied Financing
Options

Barriers

Hydrogen Community

Policy-driven: projects driven by the local authority/government: 
Important factors are: job creation, climate change, local air quality concerns, 
increased use of renewable energy sources and introduction of new energy 
technologies within the community. These projects are thought to have strong 
potential to evolve into a larger scale hydrogen community.
Technology-driven: projects mainly driven by industry: Main drivers are develop-
ment of hydrogen and/or fuel cell technologies and investigation of their feasibility 
(both through R&D and demonstration projects)

Multiple applications and end-use sectors: A combination of transport and/or 
stationary and/or portable applications
Public and large-scale transport: Public transport (e.g. H2+FC buses), 
large-scale private transportation (e.g. H2+FC cars), cargo transportation (e.g. 
ships), related infrastructure (e.g. fuelling stations)
Residential/services: Base load power, CHP for buildings (e.g. homes, offices, 
hospitals, recreation centres)

Roads2HyCom analysis of financing sources reveals that 71% of projects receive 
some degree of funding from national budgets (i.e. significant involvement of 
national governments). Regional financing and EU financial contributions 
also appear to be important in supporting hydrogen and fuel cell projects, with 
47% of projects receiving some degree of regional funding, and 35% receiving 
EU funding. In descending order the following sources of financing appear to be 
frequently applied: Corporate Financing, Private Financing, Academic 
Funding and Bank Loans.

Lack of funding in particular public funding and the provision of equity for 
independent technology developers
Technology procurement obstacles
Local expertise or lack thereof
Community acceptance or lack thereof

www.roads2hy.com
www.roads2hy.com
www.roads2hy.com


www.roads2hy.comPage 30

The growth of a Hydrogen Community depends on various 

fundamental pillars which include political support, an existing 

technological research infrastructure - as characterised by 

large-scale demonstration and infrastructure projects - a clearly 

defined strategic plan, adequate financial instruments and strong 

industrial sector involvement. General guidelines for the growth 

of a Hydrogen Community are:

Mapping of the existing capacities against the “state of  ◗
the art” 

Creation of a structure / institution (possibly Public- ◗
Private-Partnership / cluster) which will become the 

driving force behind the project stages (coordination, 

planning, networking and evaluation of opportunities, 

assessment of results, technologies and necessary legal 

steps)

Identify prospective community potential for research  ◗
and industry (Gap analysis)

Identification of existing and potential financial and non- ◗
financial incentives 

Elaboration of a strategic agenda for the further business  ◗
development 

Dissemination on the technology and its potential impact  ◗
for the society

Creation of visibility by developing demonstration  ◗
projects

Concentration on early regulatory stages and  ◗
implementation (infrastructure in densely populated 

areas, communication of achievements, implementations 

of lessons learned)

Collaboration with other communities in order to increase  ◗
knowledge and enhance financial capability for larger 

joint projects 
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3.5  The Public Private Partnership as a cornerstone  
for the Hydrogen Community

Public Private Partnerships (PPPs) embody an innovative 

connection of public policy aims and private sector incentives11. 

At a local level, PPPs are not obligatory for the creation of 

a flourishing Hydrogen Community, but nonetheless offer 

various significant advantages for business development, as 

they stimulate R&D. The share of public private partnerships 

in competitive funding of research in France increased from 

37% in 1998 to 78% in 2002 and the Dutch government has 

reserved ¤805 million for public-private research proposals 

in strategic areas for the 2003-10 period12. Examples of the 

creation of Public-Private Partnerships at the European Level 

include the technology based Joint Technology Initiatives. The 

EC proposes the following roadmap to pursue the creation and 

implementation of a Public Private Partnership:

 
1. Emergence and Setting up, i.e. gathering of stakeholders,  

  formulating a common vision including short as well as   

  long-term objectives, defining of management

 2. Defining the Strategic Agenda, i.e. formulate priorities for  

  the medium as well as long-term, indicate by which 

  deployments these priorities will be pursued

 3. Implementation, i.e. putting the Strategic Agenda in place 

  and arranging for the corresponding fi   nance access.

11  Shane, Jeffrey, Public Private Partnerships, 2007.

12 OECD Science, Technology and Industry Outlook, 2004, page 92.
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The creation of a local PPP would reduce the risk of the 

individual partners, allowing the participants to take on 

larger scale projects, and more adequately implement their 

R&D strategies. The strategic benefits associated with the 

establishment of a PPP are:

The facilitation and acceleration of infrastructure progress  ◗
by utilising both public and private funds

The enhancement of public awareness with respect  ◗
to the wider hydrogen economy and its component 

technologies

The creation of a positive fiscal setting for private  ◗
entities, e.g. local tax incentives, contribute financially 

to the procurement/creation of hydrogen infrastructure 

components

The creation of new jobs and superior labour skills ◗

The creation of incentives to innovate ◗

The formation of PPPs has the potential to encourage the 

participation of financial institutions in the financing of hydrogen 

and fuel cell projects. In addition to any direct subsidies used in 

the financing of projects undertaken by these partnerships, and 

the equity contributed to the PPP by its members, financing 

instruments such as guaranteed and subsidised loans should 

also be considered. The creation of a public and a private entity 

engenders strategic as well as practical synergies from the 

merging of their various contacts and financing know-how.

Public private partnerships are also a means of introducing 

financial instruments outside of EU funding schemes –(e.g. 

national and regional renewable energy subsidies such as 

certain green sources, partly financed through revenues from 

eco-taxes) to community members (e.g. businesses within a 

Community). In establishing these green funds, government 

ministries have collaborated with Environmental Banks 

(banks officially dedicating their main business line in the 

support of environmental projects and businesses pursuing 

environmental ideas) and national tax authorities. In some cases 

this collaboration has resulted in subsidised interest rates for 
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environmental projects or market introduction programmes 

for environmental technologies. Projects and strategies for the 

implementation of hydrogen and fuel cells also qualify in these 

schemes. According to the European Platform on Financial 

Support to Eco–Innovation “government can generate up 

to 40 ¤ of private funds invested in eco-innovation and the 

environment” for every Euro invested in a Green Fund.13

At an informal meeting of the EC, the following issues were 

identified as the main barriers to the success of PPPs:14

Sharing risk ◗

Managing Intellectual Property Rights ◗

Attracting quality researchers ◗

Involving SMEs ◗

Using R&D to drive public procurement ◗

Financial instruments (e.g. loans, grants) ◗

Some of the risks involved in the creation of a Public Private 

Partnership relate to the presence of monopolists, competition, 

bankruptcy, and the inexperience of the public sector. Public 

entities are often local monopolies in the provision of certain 

public services. The merging of a public entity with a private 

entity may therefore cause public scepticism and concerns 

about price increases for public services. The public entity faces 

the risk that its private partner fails to raise sufficient funds, not 

least owing to the difficulties in raising private finance. Hence, 

the public part of the partnership may find itself in a position in 

which it has to provide the majority of the partnership financing 

if the project is not to fail. Likewise, the public authority has to 

ensure that in the case of bankruptcy of the private entity, the 

public services are provided without delay and that the public 

authority will not be liable. Finally, the lack of experience in the 

establishment of a PPP increases the general risk of failure15.

13 European Platform on Financial Support for Eco–Innovation, Eco-Innovation Invest, presentation 
at the Financing Eco-Innovation in Central and Eastern Europe, Budapest, 23. April, 2007.

14 Informal Seminar with High-Level Representatives of Member States on Public-Private 
Partnerships in Research, Summary Report, Brussels, November 2005, p.2.

15 Shane, Jeffrey, Public Private Partnerships, 2007.
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A public-private partnership (PPP) is a variation of privatisation 

in which elements of a service previously run solely by the 

public sector are provided through a partnership between  

the public sector and one or more private sector companies. 

The ownership is transferred to the private entity.
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4. Sustaining a Hydrogen 
Community
Developing and running a hydrogen demonstration project is 

a complex task. Nevertheless, there are many successful and 

inspiring examples. The great majority of these are one-off 

demonstration projects, where the long-term impact of the 

project (i.e. accelerating commercial uptake, or helping to reduce 

public sector contributions in subsequent projects) is unclear. 

Sustaining a hydrogen initiative long after the end of a project 

itself is much more challenging, but is vitally important to the 

long-term viability of hydrogen as an energy option. 

The long-term sustainability of a project means its 

measurable, direct and positive impact on issues such as 

technology development, cost reductions, or job creation.

The path towards becoming a sustainable Hydrogen Community 

is complex and varied but it is likely that, particularly for the 

first wave of hydrogen communities, single (e.g. demonstration) 

projects will form the seed from which a Hydrogen Community 

could later grow. Sustaining a Hydrogen Community is therefore 

dealt with two-fold:

1.    How to sustain “community” demonstration projects 

 - those which, in addition to technology validation   

 and demonstration, place high importance on the direct  

 involvement of a large range of community stakeholders  

 in the knowledge building process of the project.

2.   How to make the transition from “community”   

 demonstration projects and activities, to a self-sustaining 

 and commercially viable Hydrogen Community, having  

 coordinated projects as part of an overall community  

 energy strategy or vision. 
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The key elements of the chapter are treated in five sub-sections, 

which deal with:

Project monitoring to keep a project on track with its  ◗
goals and targets 

Project continuation and upgrading to build on the  ◗
findings of successful projects

Project financing to ensure projects receive the necessary  ◗
funding, even after the demonstration stage 

Cluster creation to exploit synergies between different  ◗
projects, and enable the community initiative to grow 

beyond single projects to coordinated projects and 

activities under a fully-fledged Hydrogen Community  

Updating the vision: If necessary, to (re)align projects  ◗
activities with changing community goals
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4.1  Monitoring and assessment of the project 

The figure below gives some examples of issues that should be 

monitored during the project. These can be used to assess the 

project success relative to its goals.
Project Implementation Activities18

Monitor &
Assess

Time
Management

Risk
Management

including
technology

Commun-
ications

Management

Acceptance
Management

Procurement
Management

Change
control

Cost
Management

Stakeholders
Management

Quality
Control

Time management: overall timing is important, since project 

delays imply unforeseen additional costs. Slippage of 

intermediate milestones can lead to significant project overruns 

and extra costs. 

Cost management: Cost estimation is very uncertain when 

dealing with new technologies with a high level of performance 

uncertainty. A sensible project budget will add a significant 

“risk factor” to the costs, reflecting the degree of technology 

uncertainty. 

16 Based on http://www.mpmm.com/project-management-process.php. Also reference to 
“Project Management Process”: http://dijest.com/tools/pmworkbench/pmtemplates/pmoredocs/
pmprocess.htm

Project Implementation Activities16
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An indication of cost projections for some H2+FC components 

can be found in:

Quality control: The goals of a project must reflect the level 

of technical immaturity inherent in the technology being 

demonstrated. Realistic levels of performance should be aimed 

for. Remember that real world operation often leads to lower 

levels of performance than those obtained in the laboratory. 

A new project should take into consideration what has already 

been achieved in similar projects (the state of the art), and set 

more ambitious targets to gain additional knowledge (e.g. from 

CUTE to HyFLEET:CUTE).

Stakeholders’ management: community demonstration projects 

involve stakeholders from both private and public sectors. Their 

expectations on project results can be completely different. It 

may be necessary to cope with different levels of stakeholder 

expectations, ranging from high-flying aspirations of political 

leaders or non-government organisations, to more “down to 

earth” expectations from experts, and even skepticism from 

others.

Negotiate between different positions and expectations with 

a view to finding a good compromise, while respecting the 

project’s objectives.

The Deployment Strategy of the European Hydrogen and  ◗
Fuel Cell Technology Platform17 

The Roads2HyCom Hydrogen and Fuel Cell Wiki (an  ◗
on-line encyclopedia on the state-of-the-art of H2+FC 

technology, accessible from www.roads2hy.com) 

The Roads2HyCom Technology Watch Report  ◗
(document reference  R2H1021PU, available to download 

from www.roads2hy.com) 

17  https://www.hfpeurope.org/uploads/677/687/HFP_DS_Report_AUG2005.pdf
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Risk and issues management: This is often the most difficult 

part of project implementation, as it requires trying to foresee 

“what can go wrong” during the project, so as to identify possible 

pre-emptive measures. This is particularly relevant for novel 

technologies since previous experience is limited. 

Two main risk and issue categories can be identified:

Technology risk: related to the delayed delivery or  ◗
inappropriate operation of a piece of equipment, the 

failure of a component, or poor component integration. 

An initial safety analysis helps to identify risks linked to 

the technology type. The safety analysis should be part 

of the initial planning, to be updated for each important 

modification to the initial plan

Risks associated with political and societal changes:  ◗
related to changes of government or of policies, or 

to other independent events that may, for instance, 

render hostile an initially friendly public approach. Its 

management is very difficult, since it is independent of 

the project planning. A strong public-private partnership 

and buy-in of stakeholders can limit the impact related 

to such a risk.    

Information on these issues can be found in the Roads2HyCom 

reports:

“A Study of the Experiences of Hydrogen Community  ◗
Projects in Europe and Worldwide” (R2H3005PU), 

“Review of Technical, Socio-Economic and Safety  ◗
Findings from Fuel Cell Vehicle Demonstration Activities” 

(R2H6031PU)

“Review of Technical, Socio-Economic and Safety  ◗
Findings from Stationary Fuel Cell Demonstration 

Activities” (R2H6033PU)

“A Fuel Cell and Hydrogen Technology Watch based on  ◗
Emerging Products” (R2H1021PU)
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Further information can be found in the Roads2HyCom 

Hydrogen and Fuel Cell Wiki (an on-line encyclopedia on the 

state-of-the-art of fuel cell and hydrogen technology).  These 

documents and tools can all be accessed from www.roads2hy.

com. 

Change control: There may be a change in the project’s scope, 

deliverables, key staff, timescales or resources, due to unforeseen 

circumstances. The aim should be to minimize the impact of such 

a change on the overall project implementation. 

A clear involvement and agreement from all the interested 

parties is an important pre-condition to enable successful 

change. Change control includes robust structures for decision 

making when changes need to be made.

Procurement management: Complex projects may require the 

outsourcing of some activities to an external supplier. A clear 

process should be in place to choose the most appropriate 

supplier, and to monitor their activities to ensure they are in line 

with expectations.

Recently, there is a trend of using a competitive procurement 

approach to select industry providers, with a view to:

Bringing costs down ◗

Forcing suppliers to move towards a commercial offer ◗

Ensuring a clear basis for risk sharing through contracts  ◗
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Acceptance management: Acceptance of the technology 

and related project(s) includes its acceptance by the clients 

(including financing clients) and by the final customer, which 

may be the technology end-user, but also the general public. 

Acceptance requires:

First: getting the public accustomed to the new  ◗
technology as early as possible in the project. Direct 

experience of the technology must be coupled with 

adequate information on hydrogen

Second: constantly monitoring public acceptance  ◗
dynamics, as acceptance can change as a result of 

improved knowledge and increased familiarity with the 

technology

Third: developing a flexible strategy, which can take into  ◗
account possible changes in acceptance by the  

general public

More information on acceptance management for H2+FC projects 

can be found on the website of the EU-financed project AcceptH2: 

www.accepth2.com, and in Roads2HyCom report “Existing 

Acceptance Analysis in the field of Hydrogen Technologies” 

(R2H1007PU) available to download from www.roads2hy.com. 

Communications management: project partners should agree on 

a common dissemination strategy as early as possible. For detailed 

information, refer to paragraph 5.2
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4.2  Continuity of the project 

Typically, demonstration projects have a number of stages, 

where a new technology is progressively tested under different 

circumstances: a preparatory phase (laboratory testing) is 

followed by testing under real conditions; first focusing on a 

limited number of end-users and then, targeting an expanded 

number of end-users. Once these stages have been successfully 

completed, an upgrade/extension of the project can be 

envisaged to respond to newly identified challenges, or to further 

explore a particular area of operation (see case-study below) 

The Solar-Wasserstoff-Bayern Hydrogen demonstration 

project at Neunburg Vorm Wald in Germany, involved 

the operation and testing of different technologies 

(electrolysers, catalytic heaters and refrigeration units, 

stationary and mobile fuel cells and a liquid hydrogen filling 

station), with hydrogen produced from solar energy. 

The experience with hydrogen production and vehicle 

refuelling was taken further with the Munich Airport 

Hydrogen project, where vehicles (passenger cars, buses, 

fork lifts) and related systems (refueling station) have been 

tested. Hydrogen is produced both via natural gas reforming 

and water electrolysis.

For the purpose of this Handbook, project continuity and 

upgrading relates to:

1.   The potential for using the equipment in “normal service” 

outside of the terms of the original project (see case-study on 

the Utsira project).

In this case, the possibility for a project’s continuation depends 

largely on the status of the technologies involved and the 

cost of operation and maintenance. The equipment used in 

a demonstration project is often a prototype, which is tested 

to assess its performance. The original equipment may not 

be suitable for extended use, or it may not be under warranty 

and a new prototype may be required. The commitment of 

the technology providers is crucial since they take care of the 

equipment operation and maintenance.  
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For small scale demonstration projects in islands and remote 

areas, the involvement of the local population in the operation 

and maintenance of the infrastructure is important, in order to 

ensure the continuity of the project

The Utsira project aims to test the provision of 

supplementary power via fuel cells using stored hydrogen 

produced from surplus wind power. The supplementary 

power is generated when wind power is not sufficient to 

meet customer electricity needs. Currently 10 households 

are connected to the system, which is in stand-alone 

operation. 

Maintenance is performed by the project technology 

providers. The project upgrade and continuation depends 

on their decision to ensure the equipment maintenance 

in further stages. Thanks to the success of the project 

and the positive effect on the community, the companies 

which initiated and operated the project have also met 

with local authorities, and with representatives of local 

trade, commerce and research groups, to brainstorm 

potential new activities in the hydrogen and fuel cell area, 

with the intention of sustaining the initiatives at Utsira.

2.   Using the outputs and success of an existing project to 

develop a new project (see case-study on the PURE project). 

The possibility of upgrading an existing project into a new 

one is mainly driven by political will and commitment. 

The support of political authorities in the first stages of 

a project is fundamental, as they can steer the project(s) 

towards a long term common goal. This is especially true 

for small communities, like islands or remote areas. A strong 

political commitment can also foster the creation of a 

Hydrogen Community through the adoption of measures 

to foster cluster development with neighbouring regions or 

municipalities and through the drafting of a common long 

term vision, involving various stakeholders.

IN
F

O
 B

O
X

www.roads2hy.com
www.roads2hy.com


www.roads2hy.comPage 44

The PURE project (http://www.pure.shetland.co.uk/html/

index.html) aims to test different technologies for hydrogen 

production from renewable energies, and the use of 

hydrogen in different applications. In the course of the 

project the “PURE Energy Centre” was established, now 

offering permanent, commercial lab facilities to third-party 

researchers, specialist training in hydrogen and fuel cell 

technologies, consultancy services as well as commercially 

available hydrogen systems.

4.3  The transition from mainly public to mainly private funding

As shown in Volume A and B the great majority of 

H2+FC applications are still pre-commercial. The shift to 

commercialisation is an enormous challenge for the H2+FC 

industry. One proxy for this is the transition from the current state 

of the industry (which is heavily publicly funded) to a state where 

financial investors support the industry. The public sector remains 

a significant and vital source of funding for the H2+FC sector. 

In the context of public-sector involvement in H2+FC’s, we could 

imagine a series of initiatives where later projects require lower 

levels of public funding than earlier projects. The overall initiative 

may be said to be sustainable, in the sense that it would be 

leading towards commercial viability of the technology being 

demonstrated. The final phase would witness the engagement 

of purely financial investors who would be attracted by the cash-

flows generated by commercial projects.

Ideally, it would be most instructive to identify a region, or series 

of projects in the H2+FC sector, which meet this sustainability 

criterion and which have led, ultimately, to the demonstration of 

successful, commercial technologies. However, it is too early to 

state categorically that commercialisation has been achieved, or is 

imminent, for any initiative. Instead we present below a structured 

overview of the efforts of one particular region, which has 

achieved a demonstrable level of sustained success in the H2+FC 

sector. North Rhine Westphalia has demonstrated a sustained 

engagement in the H2+FC sector, as distinct from initiatives 

which end when specific projects terminate. The objective is to 

understand why public funding is directed at the H2+FC sector, 

whether this is good “value for money”, and if the initiative as a 
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whole is making measurable steps towards commercialisation in 

the sector.

The case study, which included on-site, face-to-face interviews, 

identifies:

The distinguishing characteristics of NRW ◗

Rationale for regional support of the H2+FC sector ◗

Type of instruments that the public sector uses for  ◗
supporting the H2+FC sector

Highlighted examples of key projects/initiatives ◗

Quantification (where possible) of the public sector agent  ◗
“success criteria”

Quantification of success ◗

4.3.1 Background to the region

Created in 1946, North Rhine Westfalia (NRW) is one of 16 states, 

or Länder, in Germany. In terms of population and economic 

output, it is the largest state in Germany18. Outside of city-states, 

NRW has the highest population density in Germany (530 

inhabitants per km2). Centred on the Rhine-Rhur industrial area, 

the region produces nearly a quarter of Germany’s GDP19. The 

region is synonymous with industrial development and energy 

production is a major industry. NRW accounts for approximately 

one-third of Germany’s primary power production, with coal and 

lignite making a major contribution as primary energy source. 

Circa 40% of Germany’s energy production related CO2 comes 

from NRW. Indeed, NRW is one of the largest mining and energy-

producing regions in Europe.

18 Source: Statistische Ämter des Bundes und der Länder available at http://www.statistik-portal.de/
Statistik-Portal/de_jb01_jahrtab1.asp  

19 Source: Ibid available at http://www.statistik-portal.de/Statistik-Portal/de_jb27_jahrtab65.asp 
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4.3.2 Rationale for interest in H2+FC

The steel, chemical, and mining industries have been important 

employers in the region, but these industries have contracted 

in the face of long-term shifts in the economic structure and 

increased competition from outside of Europe. The region 

recognises its historical heavy reliance on these industries 

and that it needs to help its industries innovate and manage 

transition. Within this context, novel technologies such as H2+FC 

constitute an important opportunity for existing industries to 

diversify away from their traditional, but contracting markets. The 

region’s R&D efforts should ensure that it can exploit new market 

opportunities when H2+FC technology becomes commercial.

A second important driver is the increasing amount of legislation 

regarding CO2 emissions. Many of NRW’s industries and power 

producers are in the EU Emissions Trading Scheme. CO2 is 

increasingly seen as a liability, which will (through legislation) 

increase costs. The high CO2 intensity of NRW (relative to the 

rest of Europe) indicates the region is particularly exposed to 

this issue. Without proactive measures to reduce CO2 emissions, 

energy and business costs will rise, potentially harming the 

region’s industrial competitiveness. The higher electricity 

efficiency of fuel cells (relative to other prime movers) and ability 

to use renewable fuels (hydrogen) explains why the H2+FC 

sector is seen as a key new technology in the energy sector.

Fuel cell and hydrogen activity within Germany is high relative 

to the rest of Europe. In terms of installed stationary fuel cell 

generating capacity, Germany has 8.5MW, accounting for some 

65% of Europe’s total of around 13MW20. Nevertheless there are 

important differences between states and municipalities in terms 

of how they support the sector. For example, Bavaria is home 

to a number of large, influential companies such as Linde, BMW 

and others; these companies already have a strong track record 

in H2+FC. Also, the municipality of Stuttgart is home to Daimler, 

which has also been active in the sector. 

In contrast, one of NRW’s strength is the number and diversity of 

industries and small companies. Therefore, in contrast to Bavaria 

or Stuttgart, the H2+FC industry is relatively disaggregated. 

The level of disaggregation means that the NRW Ministry for 

Economic Affairs and Energy22  needs to be actively involved 

in the sector, to help coordinate the activities of organisations 
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which are, or may become developers of the technology. The  

region is home to the largest power producers in Europe – 

these may become key end users of the technology when it 

reaches commercialisation. Through its “Kompetenz-Netzwerk 

Brennstoffzelle und Wasserstoff NRW” (Fuel Cell and Hydrogen 

Network NRW)23 , the Ministry also seeks to ensure that the 

technology is understood by both the local population and, 

potentially taken up, by power companies such as RWE/EON. 

In terms of stationary capacity NRW leads, accounting for 23% or 

almost 3MW of the European total and around one third of the 

German total.24

With these drivers as a foundation, the NRW Energy Ministry 

commissioned a professional audit of academia and industry 

to develop a rationale for the role for the region in engaging 

with the H2+FC sector. The results showed that the region 

should take a broad approach to the sector; not just fuel cell 

stack design, but balance of systems designers, component 

developers, application and integration developers should 

also be supported. This underpins the regional interest in the 

complete H2+FC R&D and supply chain from research (including 

materials, electrochemistry, and fuel cell design), to manufacture 

(including component design, system design, and infrastructure 

development). Overall the goals of the Fuel Cell and Hydrogen 

Network NRW are to:

20 Source Roads2HyCom work package 3

22 http://www.energieland.nrw.de/

23 www.fuelcell-nrw.de

24 IBID

Coordinate regional efforts in the H2+FC sector ◗

Assist the development of the supply chain ◗

Ensure the users of the technology (which may include  ◗
large utilities) are involved

The solid foundations of the FC+H2 programme within NRW is 

evidenced by the sustained support, despite the fact that the 

party that initiated the policy, the SPD, was voted out of office 

in 2005 after almost 40 years in power. Indeed, the incoming 

CDU government has continued to follow the original strategy in 

supporting a very comprehensive set of initiatives.
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The complexity of the H2+FC sector – requiring simultaneous 

advances in hydrogen production and distribution, fuel cell 

design, materials development and systems design and 

integration – is itself an obstacle to development. The Fuel Cell 

and Hydrogen Network is a vital tool in supporting the sector, 

coordinating stakeholder activities, facilitating the sharing of 

information and alignment of goals. 

The NRW Energy Ministry is responsible for setting energy policy 

and budgets, on a regional level. Unlike a federal or national 

organisation, this facilitates a strategic vision – and appropriate 

budgetary allocations – which can be more focused on the 

requirements of the region. 

Public support for H2+FC initiatives in NRW is mainly through 

project funding. A typical R&D project would attract 50-75% 

public funding support, depending on whether the research is 

fundamental or applied. Greater support can be provided to 

small-medium scale enterprises and research establishments. 

The remainder comes from the corporate sector. The funding 

programme is designed to be very flexible. Until 2007 the 

funding operated on an open call (no application deadlines), 

although now there are structured calls for proposals with clear 

requirements and deadlines.

The Fuel Cell and Hydrogen Network has spent 80 M¤ in the 

last 8 years on circa 80 projects, attracting a total investment 

of 130 M¤. The remaining funding comes from the companies 

participating in the projects. The funding is highly scaleable,  

with support varying between 80,000 ¤ to 10 Million ¤ per 

project. A breakdown of funding to 2008 is shown below. 

4.3.3 Types of instruments / Mechanisms for supporting H2+FC

Breakdown of NRW network funding for H2+FC projects. Source: Dr. Andreas Ziolek, Fuel Cell and Hydrogen Network NRW
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To 2008, NRW has spent 1,500 Million ¤ on new energy, 

attracting extra funding from industry so that total funding levels 

are 3,500 Million ¤. 

Integrated projects – for example those involving hydrogen 

supply and end-use, can be challenging to fund as the end-user 

may have less of a vested interest in supporting the technology. 

For many of NRW’s hydrogen transport projects, the NRW 

Ministry of Transport is able to offer co-funding assistance to the 

vehicle user. 

Another incentive is the availability of highly skilled manpower 

(including universities and research institutes) and local 

suppliers. NRW has invested public funds in developing 

technologies and products across the H2+FC sector. The 

growth of a comprehensive supply chain and the availability 

of manufacturing facilities has already attracted a number of 

businesses to set up in the region. 

One element missing from the Network’s portfolio of supporting 

instruments, is in the area of providing equity support to 

early-stage companies. Typically, such companies cannot take 

advantage of many of the support mechanisms on offer as 

these inevitably require companies to either be profitable, in the 

case of tax breaks, or have a reasonably strong balance sheet 

in the case of a partial subsidy, e.g. a cash support for product 

development or demonstration.  

 

4.3.4 Examples of Projects instigated/supported

The graphs above indicate the broad range of projects that 

are supported by the Fuel Cell and Hydrogen Network. A 

comprehensive list of over 80 previous and current projects is 

held at www.fuelcell-nrw.de. The three projects described below 

serve to demonstrate the range of projects funded by the region. 

Transport: Materials handling 

The Fuel Cell and Hydrogen Network has supported a great 

number of transport applications, from niche cargo-bikes to 

midi-buses. Materials handling (such as forklifts) are an important 

fuel cell application. As identified in Volume A and B, materials 

handling represents what many see as a near term commercial 

application of H2+FC technology, as the incumbent technology 

(battery electric systems) is relatively costly to operate. 
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Hoppecke Batteries GmbH, which already supplies battery 

electric systems, was the project leader. Technically, their role 

involved the development of a series of hybrid drive trains. These 

hybrid drive trains incorporated H2+FC and batteries. 

Perhaps the most important aspect of this project is that it is a 

battery company which was the main coordinator on the project. 

This provides a strong indication that H2+FC technology could 

be competitive and incumbent technology suppliers see the 

development of H2+FC systems as a commercial requirement, in 

order to stay competitive.

Fuel cell components: Development of air supply systems 

The integration of fuel cell components into complete systems 

is complex because much of the balance of plant (BOP) 

components have not been optimised for use in fuel cell 

applications. For example, many fuel cells require air blowers to 

ensure enough oxygen gets to the anode. However, these fans 

many be aerodynamically inefficient; the drive units may be 

inefficient, and the noise levels may be unacceptable. Becker 

International is a specialist supplier of vacuum pumps and 

compressors. With funding from the FC+H2 Network NRW, 

the company designed new air fans for fuel cells, integrating 

brushless drive motors to maximise efficiency. Although targeted 

at just one part of a fuel cell, this project demonstrates some 

of the detailed challenges that the H2+FC sector faces, and the 

support that the FC+H2 Network can provide. 

Research: Test, Assembly and Application Centre  

The Zentrums für BrennstoffzellenTechnik (Centre for Fuel Cell 

Technology) at Duisburg aims to provide assistance to fuel 

cell component developers by providing a facility for testing 

complete applications, under conditions likely to be experienced 

in the field. The facility was provided with 30 M¤ of funding. 

Individual component and application developers may only need 

such a facility intermittently – and thus may never invest in such 

a facility themselves. Hence, this facility shows the integrated 

approach taken by the region with regards to supporting the 

H2+FC sector.

Taking a more strategic position, the FC+H2 Network also 

pursues an active out-reach programme taking hydrogen and 

fuel cells into schools as well as the wider public arena25.

25 For information on the State’s fuel cell competitions since 2003/04 to the present see  
http://www.fuelcellbox.nrw.de/

www.roads2hy.com
http://www.fuelcellbox.nrw.de/ 
www.roads2hy.com


www.roads2hy.com Page 51

Also on a strategic theme, the FC+H2 Network has recognised 

that the supply of hydrogen is increasingly becoming a 

constraint on progress. The Network intends to spend 100 

Million ¤ over the next four years on its Hydrogen HyWay 

project, with the objective of fostering demonstration projects 

(transport and stationary) by providing accessibility to existing 

industrial hydrogen infrastructure for a comprehensive range of 

applications.

4.3.5 Measurements of success of initiatives

The success of the H2+FC initiatives in NRW should be examined 

in relation to the “new energy/cleantech“ sector. This sector has 

expanded massively in recent years, and there are now over 

150,000 people employed in the new energy sector within the 

NRW region. 

One useful success metric is the growth of the H2+FC network. 

Started in 2002, it has now over 350 members, with over 75% 

from industry. The make-up of the network is shown in the graph 

below.
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The region has spent 80 Million ¤ and in doing so leveraged an 

additional 50 Million ¤ into projects in the sector. In addition 

to the projects already complete, the region currently has 25 

vehicles and 35 stationary systems running. Success in leveraging 

corporate funding, and in successfully deploying projects, 

means that the region will increase funding in the sector, with an 

intended investment of 100 Million ¤ over the next 4 years in the 

NRW Hydrogen HyWay.
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The success of the FC+H2 Network is such that it has gained 

international recognition, which has been further enhanced by 

NRW hosting the 2010 18th World Hydrogen Energy Conference 

in the city of Essen. One key benefit of NRW’s network has been 

its success in attracting international companies such as Ceramic 

Fuel Cells Ltd., IdaTech and Hydrogenics to set up business in the 

region. As the network grows, its supply chains become stronger, 

helping to attract more businesses to the region.

4.3.6 Conclusions

NRW’s Hydrogen & Fuel Cell Network is among many H2+FC 

initiatives around Europe and worldwide, which could have 

served as a case study. However, NRW was chosen for a number 

of reasons, including:

In pursuing hydrogen and fuel cells within the context of a wider 

set of industrial / energy objectives, the NRW strategy has been 

informed by consideration of interlocking policy objectives, 

namely change in the region’s industrial structure, and ever more 

stringent environmental regulations. 

The range of NRW H2+FC projects, the level of funding provided, 

and the variety of supporting instruments available to the 

H2+FC sector in NRW, almost certainly makes the region unique. 

It is unlikely that many initiatives can copy everything, not 

least owing to the high degree of fiscal autonomy enjoyed by 

German states27,  but elements could be reproduced. Some key 

conclusions can be taken from the NRW approach:

Amongst NRW’s set of objectives, the high priority given  ◗
to the H2+FC sector, combined with:

NRW’s level of fiscal autonomy which allows greater  ◗
budgetary freedom to meet these objectives, which has 

resulted in:

Sustained support for the H2+FC sector over the last 10  ◗
years

27 See Article 106 of the German constitution [Basic Law for the Federal Republic of Germany 
(Grundgesetz, GG)], which details the various tax raising powers of the Länder
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A sound basis for engaging with the H2+FC sector  ◗
The energy and industrial sectors are vital to the 

economic success of the region. This is the foundation 

for regional engagement with the H2+FC sector, which 

could radically alter the energy business. Further, 

concerns over CO2 means that investment in H2+FC is a 

rational investment, representing a “hedge” against future 

legislation. 

Extensive audit of regional capabilities identified strategy  ◗
for engagement. 

A strategy for engagement in the H2+FC sector was 

based on a professional audit of regional capabilities. The 

audit identified existing areas of regional competencies 

and mapped elements of the H2+FC sector to these (for 

example, the requirement for higher efficiency pumps and 

fans to reduce the parasitic losses in fuel cells). Instead 

of saying “we need new H2+FC businesses” the strategy 

identified how existing businesses could tune their offer 

to the emerging H2+FC sector. By keeping revenue 

streams diverse – combining mature product sectors 

with the emerging H2+FC sector, risks are reduced. At the 

same time, the strategy keeps regional stakeholders at 

the forefront of technology development.

Sustained support for the sector  ◗
NRW has realistic expectations about when H2+FC’s will 

become commercial. They appreciate that it requires a 

sustained level of engagement and investment in the 

sector. Given its pre-commercial status, revenues from 

the H2+FC sector are still relatively small. Nevertheless, 

it could be argued that the initiative is already providing 

a return on investment, in the form of the growth of the 

H2+FC network which has circa 350 members. 

Minimise bureaucracy  ◗
With a number of open calls, a wide range of technologies 

supported, and flexible funding levels, NRW has tried to 

minimise bureaucracy associated with grant winning and 

financial support. The cost (in terms of person-hours) 

of applying for a grant and generating the associated 

paperwork can act as a significant disincentive. A balance 

should be struck where time overheads are minimised 

while retaining the required level of diligence. 
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The fuel cell sector, and the use of hydrogen in energy 

applications, is still an emerging sector and most applications 

have yet to reach a commercial stage of development. It is not 

yet possible to measure the success of these public sector 

investments, using typical metrics such as the number of jobs 

created and sustained or the volume of financial investments 

committed. However, when the H2+FC sector does achieve 

commercialisation, the achievements of the H2+FC Network 

should ensure that its members will play an important role in  

that industry.

4.4  Towards hydrogen communities: cluster development

There are no “hydrogen communities” at present and it is a 

matter of conjecture as to how they might arise. Nevertheless, 

any community is likely to pass through a number of stages 

(see info-box pg 5630), where the progressive aggregation 

and coordination of businesses, individual projects and other 

activities leads to the development of a fully fledged Hydrogen 

Community, in which hydrogen and fuel cell technologies 

(H2+FC) are a significant part of the economic and energy 

structure. This type of aggregation of activities into a self-

reinforcing and sustained network (the Hydrogen Community) 

has analogies with successful regional economic and business 

developments, generally referred to as clusters.

Industrial clusters are “geographic concentrations of 

interconnected companies, specialized suppliers and service 

providers, firms in related industries, and associated institutions 

(e.g. universities, standard agencies, and trade associations) in 

particular fields that compete but also co-operate”  

(Porter, 2000)31 . 

Clusters play an important role in long-term development of the 

community. They foster:

Increased productivity of participating firms or industries ◗

Increased capacity for innovation and productivity  ◗
growth

Stimulation of new business opportunities, for existing  ◗
and emerging companies, which further promote 

innovation and expand the cluster

30 Inspired from T. Anderson, S. S. Serger, J. Sörvik and E. W. Hansson, The Cluster Policies 
Whitebook, International Organisation for Knowledge Economy and Enterprise Development 
(IKED), 2004. http://www.iberpymeonline.org/Documentos/TheClusterPoliciesWhitebook.pdf  
(See also www.iked.org).
31 PORTER, 2000 
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When a community or region decides to engage in hydrogen 

and fuel cell projects, its interest is likely to stem not only from 

energy and environment interests but also from an overall 

strategy for economic development; for example, through 

creation of jobs and enhanced industrial competitiveness. 

Clusters in hydrogen-related activities are likely to be central to 

the materialisation of such economic benefits.

Policies for promoting regional industrial clusters have, in 

recent years, been adopted by many regional authorities 

in Europe, as well as by Member States and the European 

Commission (see info-box on “Established and emerging 

clusters in Europe”).  Further information on characteristics 

of potential “Hydrogen Communities” and their clustering is 

available in the Roads2HyCom reports “Profiling of Hydrogen 

Communities in Europe” (R2H3010PU) and “Policies and Socio 

Economic Aspects towards further dissemination of Hydrogen 

Communities in the EU” (R2H7007PU).  Both reports are 

available to download at www.roads2hy.com.
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Example stages of a Hydrogen Community

Single projects: 

A few activities in the field of hydrogen and fuel cell technologies are being developed independently by  ◗
different stakeholders, scattered around the community territory 

Public authorities play a large role in initiating H2+FC demonstration projects ◗
No Hydrogen Vision document is being prepared ◗
Example: Various projects are taking place in Amsterdam (Netherlands), such as hydrogen buses and  ◗
a fuel cell boat. However, there has not yet been the need to coordinate these spontaneous activities  

(http://www.iamsterdam.com/press_room/press_releases_0/2007/the_city_of) 

Agglomeration of projects and activities:

Various actors (e.g. technology developers, end-users) involved in hydrogen and fuel cell projects start  ◗
cooperating around a core activity to achieve a common objective, typically under the public authorities’ 

guidance 

No clear public-private partnership is being developed yet  ◗
No Hydrogen Vision document yet ◗
Example: In Milos (Greece), there is cooperation between local industry, academia, equipment suppliers  ◗
and local authorities, with a view to making Milos the “Greek Hydrogen Island”. Various projects are being 

implemented: one hydrogen powered fuel cell bus, and a Combined Heat and Power fuel cell system

Emergence and development of the Hydrogen Community:

New actors in the same or related areas emerge or are attracted to the core activities, while new linkages  ◗
are created between these actors 

Given the growing number and type of stakeholders involved at this stage, public-private partnerships  ◗
develop

A Vision document is developed, detailing the community’s strategy for H2+FC integration  ◗
Example: the Spanish region of Aragon has supported the development of the “Fundacion para el  ◗
Desarrollo de las Nuevas Tecnologias del Hidrogeno en Aragon”, which has coordinated the drafting and 

development of the Vision document for this community (Plan Director de lo Hidrogeno en Aragon). 

More information available at: http://www.hidrogenoaragon.org/ 

Mature Hydrogen Community:

There exists a certain critical mass of actors and activities in the community ◗
The community reaches out to and develops contacts with other communities ◗
There is an internal dynamic of new activities through start-ups, joint ventures, spin-offs, etc.  ◗
The community implements its strategy in line with the Vision document ◗
Example: The German region North Rhine-Westphalia  ◗ (www.fuelcell-nrw.de) starts implementing a 

strategy. It is, therefore, on the way to becoming a mature community. In fact, the network has been 

active in the development of a H2+FC sector since it was created in 2000. More than 60 projects have 

so far been developed within the region, which is now also a member of the European region initiative 

HyRaMP (European Regions and Municipalities Partnership on Hydrogen and Fuel Cells)

Transformation of the Hydrogen Community: 

The Hydrogen Community innovates and adapt to new challenges to keep active ◗
It may evolve to focus around additional or new specialisations and activities ◗
The Vision document is updated with an adapted strategy ◗
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Successful policies for the promotion of clusters should be 

tailored to the specific needs of a particular region. However, 

some general elements can be identified: 

Support for formulating a vision and strategic aim (see  ◗
Handbook Volume B, chapter 8) – e.g. through foresight 

exercises. This process is based on the involvement 

of various stakeholders (private companies, research 

institutes, etc), which are likely to be interested in the 

development of a cluster.

Promotion of networks among companies, research  ◗
institutes and regionally based interest groupings, with 

the aim of multiplying the number of collaborations 

between different organisations within the same 

community.

Stimulation of regional markets and brands for innovative  ◗
products – e.g. through public procurement policies. 

When green procurement policies are pursued by local 

authorities, these will have a positive effect in creating 

opportunities in environmentally-friendly sectors, such as 

H2+FC.

Facilitation of administrative procedures, by reducing the  ◗
administrative burden on innovation activities, in order to 

facilitate their implementation.

Establishment of regional research and innovation centres  ◗
with the aim of developing research driven clusters of 

global excellence (e.g. case of HIRC in Case Study 2 

below).

Modern cluster policies also emphasise the need for a good 

coordination of policies at both EU (see info-box on pg 58 

“EU policies to strengthen trans-national cooperation between 

clusters”), national and regional levels, since they foster joint 

action between different stakeholders.

Given the important role that industrial clusters play in regional 

development, public authorities are promoting the creation 

of such clusters in the H2+FC sector - an innovative high-tech 

sector with high growth potential. 
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EU policies to strengthen transnational cooperation between clusters

Apart from the Joint Technology Initiative on Fuel Cell and Hydrogen (https://

www.hfpeurope.org/hfp/jti) launched in October 2008, the European 

Commission contributes to strengthening transnational cooperation between 

clusters in a number of ways, were there is mutual interest:

Facilitating networking between clusters at policy or programme level; the  ◗
PRO INNO Europe initiative (http://www.proinno-europe.eu/)

Facilitating networking between regional authorities, companies and  ◗
research entities at European level; the “Regions of knowledge” initiative 

(http://cordis.europa.eu/fp7/capacities/regions-knowledge_en.html)

Facilitating interregional cooperation; e.g. the recently launched “Regions  ◗
for Economic Change” (http://ec.europa.eu/regional_policy/conferences/

competitiveness/doc/pdf/foster200703.pdf)

Facilitating networking between clusters at operational level; such activities  ◗
are currently funded under the Europe INNOVA initiative (http://www.

europe-innova.org/index.jsp)

Established and emerging clusters in Europe 

There is no comprehensive mapping of all established and emerging clusters 

in Europe but several regions have found an interest in promoting clusters in 

energy technologies. Among the reported energy-related industrial clusters 

are: the oil and gas cluster in Norway, the eco-energy cluster in the Upper-

Austria region, the solar energy network in Greece (SolarNet: www.solarnet.gr), 

the bioenergy cluster in Finland (Tampere region), the wind power clusters in 

Jutland (Denmark) and North-Frisia/Schleswig-Holstein (Germany: http://www.

windcomm-sh.de/Seiten/en/home/homeen.php). A cluster network (CENCE: 

europe-innova.org/cence) on knowledge sharing between different energy 

clusters in European countries has been launched by the EU’s Directorate 

General for Enterprise and Industry. The “Innovating Regions in Europe” (IRE: 

http://www.innovating-regions.org/) network also plays a role to further 

disseminating information on successful innovation policies.

Three case-studies on three different European regions investing in the H2+FC 

sector are presented below. The case studies show the measures that have been 

taken to support the creation of regional clusters. However, as H2+FC technologies 

are new to the market it is difficult, at this stage, to assess the success of such 

clusters, and thus to determine possible success factors.
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Case 1: The Hydrogen Initiative of Western Jutland

The Danish region of Western Jutland (the former Ringkjøbing County) is 

characterised by substantial renewable energy resources (wind, biomass 

and potentially also solar and wave), and hosts several large companies and 

SMEs active in renewable energy technology. In 2003, it was estimated that 

approximately 30% (or 2.8 TWh) of the region’s energy demand was provided 

by renewable energy sources, and the total potential is estimated to be 3 to 4 

times higher.

The involvement of the region in the development of H2+FC technologies 

started in 2000. The process was primarily driven by local authorities and 

regional businesses interested in H2+FC technologies to expand the region’s 

expertise in wind power, by exploiting synergies with the hydrogen sector. 

This development occurred at a time when the region was facing economic 

challenges. More specifically, the County Council’s objectives were: 

To strengthen the region’s research and development efforts with a focus  ◗
on integration of renewable energy sources in the energy system

To retain, develop and attract companies and employees working with new  ◗
energy technologies and energy systems 

To make the region more economically attractive by providing  ◗
opportunities for demonstration projects in which renewable energy 

sources would partly or completely replace fossil fuels

Since then, various activities have been promoted by local authorities with a 

view to creating a hydrogen and fuel cell cluster focused on the development 

of niche markets (e.g. fork lifts), and related components: 

Establishment of a network of firms and organisations with interests in  ◗
hydrogen and fuel cells. The network includes ca. 100 universities and 

industrial companies in Denmark, primarily in Jutland. 

Establishment of a Hydrogen Innovation and Research Centre (HIRC): a  ◗
regional knowledge centre for hydrogen technology (www.hirc.dk). HIRC 

works primarily on initiating demonstration projects with the aim advancing 

the commercialisation process of H2+FC technologies. HIRC also houses a 

Danish showroom for hydrogen technology.

HIRC has facilitated a range of Research, Development & Demonstration 

projects funded by both national and European programmes. One of the 

concrete results is the project H2 Truck: the first vehicle of its kind to be ready 

on a commercial market for customers (www.h2truck.dk). The first 6 trucks 

were purchased by regional and municipal authorities in 2006. 
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Case 2: the Hydrogen Energy Initiative in Aragon

The Spanish region of Aragon has recently developed from a traditional 

agriculture-based economy into a region where the service and industrial 

sectors are the backbone of its economy. Its leading industrial sectors are: 

automotive, construction, food, finance and renewable energy – primarily wind 

power. Renewable energies account for 27.4% of the region’s total electricity 

production. This is one of Europe’s highest shares of renewable energy. 

Aragon’s interest in investing in H2+FC technologies is two-fold:

To increase the utilisation of renewable energy sources (especially wind),  ◗
using hydrogen as an energy carrier

To increase the competitiveness of the region by introducing new  ◗
technologies (such as hydrogen and fuel cells) to the regional industries. 

The Aragon Hydrogen Initiative was initiated by the Spanish Ministry of 

Industry in 2002, with the formulation of an overall vision to explain the 

benefits of Aragon’s engagement in this new technology area. The ministry’s 

work led to a workshop with more than 100 participants, where the vision was 

presented to interested stakeholders, and possibilities for concrete activities 

were discussed. It was decided to create a dedicated organisation in order 

to promote Network/Cluster activities. By January 2006, 42 companies and 

institutions formed the Foundation for the Development of the New Hydrogen 

Technologies in Aragon (FHa- www.hidrogenoaragon.org).  

The specific activities of FHa are: 

Organisation of training courses in collaboration with universities ◗

Raising awareness of business opportunities in the hydrogen and fuel cell  ◗
sector 

Organisation of formal and informal networks. The FHa establishes networks  ◗
among companies based on a value chain perspective, with a view to having 

the whole value chain (producers, suppliers and end-users) represented

Promotion of R&D-activities and projects, in collaboration with companies,  ◗
universities and research institutes across Europe

Since the network activities have only recently started, it is difficult to estimate 

to what extent cluster development policies will be effective, in terms of 

business growth and job creation. Today, the success can only be measured by 

the number of activities and network relations the initiative has contributed to. 
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4.5  Updating the Community “Vision” 

When drafting a local strategy document or vision document, the 

community states its commitment to the long-term development 

of the hydrogen and fuel cell sector, and the accompanying 

set of actions it will undertake. This document should identify 

the perceived needs of the community, why H2+FC can meet 

these, and its current enabling environment (e.g. financial 

incentives, political support for alternative energy technologies, 

organisations active in H2+FC development, etc.). The document 

should also identify specific actions for research, development 

and deployment effort.

Most communities are currently in the stage of drafting their first 

vision or strategy document, and those that already have one 

have not experienced the need to review it yet. A regular review, 

and if necessary update, of the document (e.g. every five years) 

should be foreseen to take into account new developments that 

could impact the community’s energy system and the role to be 

played by hydrogen and fuel cells. In particular, this is important 

in the development stages of the community, as it enables the 

community to respond to new challenges and to better channel 

its resources, but also to develop progressively more ambitious 

targets. 

Sustainable Energy Communities are “local communities 

in which politicians, planners, project developers, market 

actors and citizens actively cooperate to develop high 

degrees of intelligent energy supply, favouring renewable 

energy sources, with a conscientious application of 

energy saving measures”.

This concept has been developed within the context of 

the European Commission initiative CONCERTO: http://

concertoplus.eu/CMS/component/option,com_frontpage/

Itemid,239
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The following are recommended steps for communities to 

update their vision in line with changed circumstances. The 

recommendations are based mainly on experiences gained from 

Sustainable Energy Communities (see info-box).

1.  Follow-up the evaluation phase which assesses the 
 performance of single projects, as well as of the 
 community as a whole, in terms of:

 a.  Number and type of projects implemented by the 
 community, within a given timeframe, with respect to the 
 set targets

 b.  Targeted end-use sectors (e.g. transport, residential and 
 services sector), and related types of applications, 
 emergence of new end users

 c.  Technical, social (e.g. public acceptance) and economic 
 results that have been achieved

 d.  Status of political commitment

 e.  Allocation of financial resources to the implemented 
 projects

2.  Identify changes in the community’s needs and in the 
 factors influencing those needs (see info-box).

A community with an important oil and gas industry  ◗
might decide to focus on the development and 

deployment of H2+FC technologies in light of an 

expected downturn of the oil and gas industry in the 

medium to long-term (up to 2030). The community 

would draft an “Energy Vision”, identifying a realistic 

transition path between efficient exploitation of existing 

resources and investment in innovation of the energy 

sector, such as in H2+FC. 

However, the initial basis of the long-term strategy  ◗
would need to be subject to revision as a result of 

unexpected changes, e.g. technology development, fuel 

price, new energy policy orientation. This might require 

an adjustment in the actions to be implemented.  

3. Update the timeline to incorporate achieved results, latest 

 technology developments, and new aims of the vision.
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3. Update the timeline to incorporate achieved results, latest 

 technology developments, and new aims of the vision.

4. Prepare questionnaires to be sent to the community’s 

 stakeholders to get their feedback on the past results, and 

 suggestions for future initiatives. Stakeholders’ 

 involvement is crucial in keeping the vision live and 

 relevant.

5. The upgrading should make use of the knowledge gained 

 from existing H2+FC strategies at national and European 

 level (see info-box).

Since the launch of the High Level Group on Hydrogen  ◗
and Fuel Cell Technologies in October 2002, the European 

Hydrogen and Fuel Cell Technology Platform (HFP) (https://

www.hfpeurope.org/hfp/hfp_home) has been established 

and played a major role in defining the path for hydrogen 

and fuel cell technology in the European Union. The HFP 

is a supra-national structure composed of representatives 

of industry, the scientific community, public authorities, 

users and civil society. The various working groups of the 

HFP have published a number of documents (https://www.

hfpeurope.org/hfp/keydocs) defining research themes 

where EU funds are to be focused for the development of 

H2+FC technologies. With the creation of an industry-led 

Joint Technology Initiative (JTI) and the foundation of the 

region initiative HyRaMP, stakeholders will now have these 

two platforms for the exchange of information and the 

protection of their interests.

Ad-hoc organisations should be set up as required to control the 

drafting and implementation of the community’s vision. These 

ad-hoc organisations would also lead the evaluation phase and 

coordinate the changes to the vision. In most cases, a specific 

structure is created, to collect ideas from various stakeholders 

(through workshops, interviews), and coordinate them in a 

common document, such as: Fundacion para el Desarrollo de 

las Nuevas Tecnologias del Hidrogeno en Aragon in Aragona 

(Spain); London Hydrogen Partnership in London (UK); Hamburg 

Local Initiative for Fuel Cell and Hydrogen Technology in 

Hamburg (Germany).
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5. Evaluation and 
Dissemination 
 

Hydrogen is not yet a commercial option as an energy vector. 

The high cost of hydrogen demonstration projects means that 

it is vital that the knowledge, experiences and data produced 

by a project are well publicised and disseminated. This makes 

most efficient use of limited resources by avoiding unnecessary 

repetition, and focusing all efforts on common goals. This chapter 

introduces some ideas on project evaluation and dissemination 

of the results. 

5.1  Evaluation and learning 

The issues against which a project’s success is judged will vary, 

but some common elements are identified below. In the previous 

chapter there were some examples of project specific metrics 

that could be used to measure success. Alongside those, the 

metrics below are examples of how one might measure the 

longer-term strategic benefit of the project.

The project’s contribution to increasing and strengthening  ◗
the community’s industrial base and technological skills - 

evaluated by the level of involvement of local companies 

and end-users. Here, it is essential to set up internal 

networks and ensure that the experiences of the different 

partners are shared within the project consortium and 

with other similar projects, without violating confidentiality 

issues.

Continuity of support by the political authorities - to  ◗
promote hydrogen technology as a solution for future 

energy challenges. This covers financial and administrative 

assistance both of which are often central to the viability of 

projects. 

The status of cluster development within the community  ◗
- This could be measured by the number of companies, 

research institutes, and other organisations, which are 

active within the community, the level of their interaction, 

the number of projects launched, or the total spend within 

the region on the H2+FC sector. 

Ability of the technology to meet the communities needs.  ◗
To what extent the integration of hydrogen and fuel cell 

applications in specific end-use sectors (residential, public 

transport, industry, etc.) is helping the community in 

reaching its specific goals, in terms of:

www.roads2hy.com
www.roads2hy.com


www.roads2hy.com Page 65

a.   Environmental protection, with respect to reduction of 

both greenhouse gas and air pollutant emissions, from a life 

cycle perspective for the chosen hydrogen application. Effects 

should be ascertained for all stages of the energy chain, from 

production to end use 

b.   Job/skills creation, in terms of additional jobs and 

increased skills of the existing workforce, including site 

technicians, filling station staff, security staff, and trained 

personnel who spread the knowledge and experiences that 

will be gained with this new technology  

c.   Economic growth; the creation or development of new 

and innovative companies in the H2+FC area, leading to 

technological advancement and development of human 

capital. Care needs to be taken with this calculation, as in 

many instances H2+FC may displace existing technologies,

d.   Security of energy supply, evaluated in terms of greater 

independence from energy imports

The auditor would focus on those goals that are the most 

relevant for the community being evaluated.
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The CUTE assessment frame:

CUTE (Clean Urban Transport for Europe) has been one of 

the most successful hydrogen demonstration projects. It was 

officially closed in March 2006. The assessment frame (see 

figure below), which has been used for CUTE could be used 

as a basis for evaluating other projects. Conclusions on the 

project’s assessment can be found on CUTE final brochure 

(http://www.global-hydrogen-bus-platform.com/data/File/

Downloads%20-%20Public/Cute%20Brochure_Summary%20

of%20Achievements_Electronic.pdf) 

The assessment frame evaluates the project potential on two 

lines:

1.  To what extent the project contributes to major EU   

  policies. This analysis can be extended to evaluate a 

  project’s contribution to national, regional, and local 

  policies.

2.     To what extent the project contributes to accumulation 

  of know-how, for technology deployment, and 

  operation under real conditions

Project type
(technology application and end use sector)

Contribution to regional
and EU policies:

 (Kyoto)

Gained know-how:

 real context

 technology
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5.2  Dissemination and implications for other communities 

Dissemination activities can enable a prompt and effective 

transfer of results of benefit to the community itself, but also to 

other communities interested in H2+FC technologies. 

Since the community hosts various projects and activities, 

stakeholders should agree on a common dissemination strategy 

in the early stages of development of the community. The 

definition of a clear dissemination strategy can help since:

 

 

 

 

As a general rule, the overall responsibility for dissemination 

activities should be delegated to one partner (usually an ad-

hoc organisation). This partner would coordinate the activities 

and assume final responsibility for their execution. An effective 

dissemination programme should avoid overlapping and instead 

build on synergies between H2+FC projects. 

In order to formulate appropriate dissemination activities, the 

target audience should be identified in advance. Moreover, 

the type of dissemination activities to be implemented could 

be chosen according to the stage of development of the 

community:

The most important elements to be disclosed are agreed in  ◗
advance

Contentious situations, linked to dissemination of sensitive  ◗
information (intellectual property rights), particularly with 

respect to technology-related aspects, are limited (or even 

prevented)

Planning/initiation phase: give preference to dialogue  ◗
with public authorities to ensure their support (from both 

political and financial points of view). Organisation of 

(or support to) workshops and conferences to present 

the community’s overall strategy and attract interested 

stakeholders with a view to getting their commitment. 

Ensure that the objectives of the project are in line with 

those of the technology suppliers, to ensure that some form 

of project support from this source, is forthcoming. 
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Established community: ensure that industry is committed and  ◗
willing to invest in and initiate new projects, which can support 

the community’s development. If citizens are to use or interact 

with the technology (i.e. hydrogen buses) it may be necessary 

to involve them with a view to ensuring their acceptance of 

the proposed technologies and products. Engage financial 

institutions (e.g. banks) and promote contacts between 

industry, citizens and investors by organising (or lending 

support to) trade fairs where companies can present their 

technology to potential customers 32.

32An example of where this was not particularly successful was the first hydrogen refilling station 
in Hornchurch, London (UK), part of the CUTE programme. There was vocal opposition to 
the refilling station from a minority of locals. Concerns were raised over the safety of liquid H2 
transport to the station, and that its development would lead to increases in traffic volumes as 
more H2 vehicles came to the site to refuel. While permission was eventually granted, delays had 
put the whole London element of the CUTE project at risk of cancellation.
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WHO
(Target group)

WHY
(Specific goal)

WHAT
(Content)

HOW
(Dissemination activity)

WHEN
(Timing)

BY WHOM
(Responsible)

Public institutions (and 
financial bodies)

Research organisations

Public at large (citizens)

Equipment manufactur-
ers, commercial 
companies, relevant 
end-use sectors 
(potential customers)

Other communities

Ensure public 
institutions’ commit-
ment and continuous 
support (both financial 
AND political) 

Attract (more) research 
institutes to be part of 
the community 
Ensure their input for 
technology improve-
ment and application

Generate and maintain 
interest and acceptance
Mobilise technology 
adoption

Ensure developers 
understand and agree 
with the aims of the 
project

Share experience to 
establish general 
guidelines, avoid 
duplications, and solve 
non-technical problems

Progress report: 
describe the 
community’s aims and 
strategy

Present developed 
projects and applied 
technologies to show 
results achieved and 
areas requiring further 
research 

Present main features 
of the technology to get 
the public accustomed. 
Allow public to 
experience the 
technology at work (e.g. 
H2 vehicles)

Present the technology 
and its application to 
show benefits and 
potential

Present best practices 
for community 
functioning, barriers 
experienced and ways 
to overcome them 

Open workshop
Annual newsletter

Specialised (technical) 
conferences
Articles in specialised 
press

Site visits
Sport events
Articles in general press

Trade fairs
Technical leaflets
Training activities

Regions’ workshops
Ad hoc networks
Annual newsletter

Once per year

Target 1-2 
conferences per 
year

Target 1 trade 
fair per year
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The table below summarises a simple way to choose the most 

appropriate dissemination channel, according to the audience 

to be addressed and the content to be disseminated. It also 

provides some examples of actions (what and how) that can 

be undertaken by the community’s coordinator. This list is to be 

considered as an indication, and is not intended to be exhaustive.
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A community website is the simplest and most complete 

dissemination channel for a community. It can reach different 

types of stakeholders. It can be organised according to different 

themes and topics, each specifically targeted to a given category 

of audience, while presenting various projects hosted in the 

community. An English version is highly desirable. It can also 

work as a platform to coordinate similar initiatives in different 

locations:

Hydrogen Community Lolland:  ◗ http://www.hydrogen-

community.dk/ 

London Hydrogen Partnership:  ◗ http://www.london.gov.uk/

lhp/index.jsp 

HyFLEET:CUTE:  ◗ http://www.global-hydrogen-bus-platform.

com/

Trade fairs are especially useful to learn which technologies and 

applications have been implemented by different communities 

and the reason for this choice:

http://www.hannovermesse.de/homepage_e ◗

http://www.fair-pr.com/ ◗

http://www.hamburg-messe.de/H2Expo/h2_de/start_main.php  ◗

http://www.hydrogencarsnow.com/hydrogen-car-conferences. ◗
htm

Specialised conferences enable a community to keep up-

to-date on the latest technological developments. In the past 

few years, specific events have been organised in order for 

stakeholders involved in Hydrogen Community projects to meet 

and exchange views and experiences:

HFP review days:  ◗ https://www.hfpeurope.org/

World Hydrogen Technology Conference and World Hydrogen  ◗
Energy Conference (biannual): http://www.iahe.org/whecwhtc.asp 

Fuel Cell Science and Technology:  ◗ http://www.fuelcelladvances.

com/ 
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Open workshops enable the dissemination of both technological 

and non-technological aspects of the community and related 

projects. These workshops are especially useful to keep public 

authorities informed on the status of community projects and 

to ensure their continuous support and commitment. The 

workshops should be organised annually:

Cellia is an upgrade of demonstration projects related to 

the industry programme “Piles en régions”, launched in 

2003, to test stationary fuel cells for co-generation of Heat 

and Power under real conditions.

The fuel cell used - called Cellia - is the first 250kW fuel 

cell installed in an urban area. The consortium, comprised 

of various private companies and local and national 

governments, organises site visits for the public to become 

accustomed to the technology.

Regional workshops:  ◗

 www.roads2hy.com

 http://www.hylights.org

 http://www.fuelcelleurope.org/index.php?eventId=10

 https://www.hfpeurope.org/hfp/region-news

HydrogenLink:  ◗ http://www.hydrogenlink.net/dk/hydrogenlink/

download-workshop7.asp

Site visits can be helpful to show the operation of the new 

technology, and promote public acceptance of the technology:

Cellia - fuel cell for residential applications (Paris)  ◗ http://www.

cellia.fr/en/index.php

Clean Energy Partnership - hydrogen fuelled cars (Berlin)  ◗
http://www.cep-berlin.de/guidedtours.html
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Sports events offer a good opportunity to promote H2+FC 

technologies to a wide public audience. For instance, the London 

Hydrogen Partnership is working to have some hydrogen-fuelled 

vehicles for the 2012 London Olympics: http://www.london.gov.

uk/lhp/opportunities/olympics.jsp 

This initiative follows the successful experience of the 2006 Turin 

Winter Olympics: http://www.treehugger.com/files/2006/01/

torino_2006_the.php

Training activities: can play an important role to familiarize the 

general public with hydrogen and for them to better understand 

how to use it, to handle it safely, and to take advantage of its 

benefits:

HyChain (www.hychain.org)

The project HyChain is testing a group of more than 150 

small urban vehicles (e.g. small utility cars, minibuses, 

wheelchairs, scooters, cargo bikes). In order to better 

prepare and involve the population in the testing phase, 

the project is developing training modules to cover the 

education and learning needs of different stakeholders. 

HyChain training activities include:

General and specific attendance courses: initially to be  ◗
addressed to the general public, and then to engineers 

and technicians who require practical training on using 

the technology.

On-line e-learning: a more flexible instrument, which can  ◗
be easily accessed by the general public, and can be 

continuously updated.  

HyChain:  ◗ www.hychain.org

PURE Hydrogen Training Centre:  ◗ http://www.pure.shetland.

co.uk/html/training.html
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6. Appendix 1: Safety 
from a technical 
perspective

6.1  Introduction to hydrogen from a safety perspective

The hydrogen and fuel cell sector is focusing on the use of 

hydrogen as a fuel to provide energy services. Like other fuels 

such as petrol, natural gas, and electricity, hydrogen has the 

potential to be dangerous if it is handled incorrectly or if it is 

released accidentally. Every year there are accidents caused 

by petrol or natural gas explosions, or electric shocks. However, 

given the novelty of the hydrogen energy sector, any serious 

accident involving hydrogen and resulting in significant damage 

to property or loss of life would have damaging consequences 

for the H2+FC industry and the development of the technology. 

This is why the safety of hydrogen systems is a paramount 

concern with project development, one which should not be 

compromised.

Hydrogen is the lightest of all elements.  At ambient  

temperature and pressure, hydrogen is a gas with a density of 

0.089 kg/m3.  Its density is about 13 times lower than the density 

of air, which makes hydrogen buoyant in air. If released in a 

contained environment it will rise quickly and will accumulate in 

the upper region of the container. Hydrogen rises more rapidly 

than other flammable gases like methane, propane, or gasoline 

vapour. In open environments hydrogen will quickly disperse into 

the atmosphere.

Hydrogen is highly flammable and very easily ignited. It can react 

violently (or even explosively) when in contact with compounds 

like halogens and oxidising agents.  Mixtures of hydrogen and 

organic vapours can ignite or explode upon contact with finely 

divided Rany nickel, palladium or platinum in the presence of 

oxygen. 

Hydrogen burns with a transparent flame, which can make 

hydrogen fires difficult to see. 

In liquid form (an approach to hydrogen storage proposed by 

some stakeholders) hydrogen must be cooled to -252°C. 

Because of the small size of the atoms, hydrogen is also a very 

mobile element.  It can escape from pressurised containers 

through the smallest of openings. Also, it can diffuse relatively 

easily into solid materials, changing their physical properties. For 

www.roads2hy.com
www.roads2hy.com


www.roads2hy.comPage 74

example, hydrogen diffusion into a steel container can result in 

hydrogen embrittlement of the material, increasing the potential 

for cracks to form. 

With failure of a hydrogen containment system – either a gradual 

leak or more importantly a near instantaneous catastrophic 

failure, the following points should be noted.

 33  From TNO’s software EFFECTS

Adverse effects will only take place if the escaped gas is  ◗
ignited.

Instantaneous release of the complete contents of a  ◗
vessel with compressed gaseous hydrogen will lead to the 

formation of a vapour cloud (i.e. a cloud with a mixture of 

hydrogen and air), which if ignited, will cause a fire ball. 

If the cloud is not ignited immediately and unobstructed 

dispersion of the hydrogen in free air is possible, this cloud 

will dilute to harmless (un-ignitable) concentrations after 

some time.  In confined areas, without sufficient mechanical 

or natural ventilation, dangerous hydrogen accumulations 

may form.  When ignited, this might result in explosions 

with accompanying overpressures. Explosion overpressures 

are dependent on confinement conditions (and thus site 

dependent). 

In the case of catastrophic failure of a cryogenic liquid  ◗
hydrogen vessel or pipe a pool of liquid hydrogen may be 

formed. In the case of an instantaneous release of all the 

liquid hydrogen from a cryogenic tank at -252°C, studies33  

predict that 50% of the material will instantaneously 

vaporise. The liquid pool will evaporate quickly afterwards 

and a (short lived) pool fire may occur.

Therefore two effect distances are relevant: 

Size of a fire ball in the case of (delayed) ignition of a  ◗
vapour cloud;

Size of a jet fire in the case of direct ignition following  ◗
release of pressurised gaseous hydrogen from a hole in a 

vessel or a pipe.
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6.2  Introduction to codes and standards

The most desirable way to assure safety is to focus on prevention 

of accidents by application of state of the art technology and 

use of appropriate technical (engineering) standards.  Existing 

hydrogen installations have been built to a number of different 

codes and standards, primarily based on national and local 

specific requirements.  Some codes and standards applied have 

been derived from experiences with the compressed natural gas 

industry.  Hydrogen specific international codes and standards 

(e.g. ISO) are presently still under development and international 

harmonisation has yet to occur. 

An overview of the international work on standardisation of 

hydrogen related equipment and technologies is on the following 

page.
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Overview of the international work on standardisation of hydrogen equipment and technologies
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Overview of the international work on standardisation of hydrogen equipment and technologies

When dealing with safety, one should make a distinction 

between professional use and home use (consumers). 

Professional workforces dealing with hydrogen are specially 

trained in industrial complexes or captive fleet operations. Also 

personnel operating, supervising, inspecting, or maintaining 

refuelling stations with hydrogen dispensing facilities will be 

specially trained to operate the hydrogen equipment safely. 

Nevertheless, longer term any hydrogen-specific regulation 

and standardisation effort has to take into account the 

transfer of hydrogen use from the professional sector to every 

day applications in private homes, private cars or in publicly 

accessible refuelling stations.

6.3  Measures to prevent the adverse effects of a  
 hydrogen escape

If, despite all leak prevention measures, an accidental release of 

hydrogen occurs it is important to prevent any escalation (i.e. 
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to minimise the amount that escapes), to prevent the formation 

of a combustible or explosive atmosphere, and to try to prevent 

ignition. The measures presented below indicate a number of 

options. Technical judgement on what is appropriate in specific 

situations – taking into account the outcome of the safety 

assessment – should be used when choosing the ultimate 

measures.  

 

6.3.1  Measures to minimise the escaped amount

Detection of hydrogen leaks and hydrogen flames – if followed 

by shutting off the supply of hydrogen as soon as possible – are 

measures to minimise the amount of hydrogen that has escaped. 

Hydrogen fires should not be extinguished because of the 

danger of re-ignition or explosion. 

 

6.3.2  Measures to prevent accumulation and ignition  
 of hydrogen

Mechanical or natural ventilation, inerting, and recombination are 

measures to prevent the formation of a combustible or explosive 

atmosphere. Control of ignition sources refers to managing all 

potential ignition sources and where possible removing these 

from the vicinity of hydrogen storage areas. 

Ventilation is useful for preventing the formation of explosive 

atmospheres when hydrogen is dealt with in a confined space. 

A mechanical ventilation system would incorporate a fan that is 

designed to circulate large quantities of air and to ensure that 

the hydrogen concentration in air is below the lower flammability 

limit so that fires cannot occur. The natural ventilation approach 

makes use of the natural buoyancy of hydrogen gas in air – fresh 

air inlets are incorporated at a low level, while exhaust vents are 

incorporated high-up in the space. 

Inerting is defined as the replacement of a sufficient proportion 

of oxygen contained in a gaseous atmosphere by an inert gas, to 

avoid the ignition of atmosphere. 

A recombiner is a device that promotes the recombination of 

hydrogen and oxygen to form water. It serves to avoid, remove or, 

at least, slow down the formation of flammable mixtures formed 

due to a gradual leakage of hydrogen.
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Electrical equipment, hot surfaces, open flames and static 

electricity are the possible ways of ignition of hydrogen and 

propagation of the flame. By controlling these sources the 

potential for explosions to occur can be minimised, although the 

low ignition energy of hydrogen means that high energy events 

such as high pressure gas release can self-ignite. 

6.4  Safety in the hydrogen chain

If new technologies or materials are introduced in the society 

you like to know beforehand the risks that might occur. For a 

general safety assessment of a technology, the whole chain 

from production, through distribution and storage to end-use 

technology should be taken into account. Hence, after assessing 

the safety of the separate technologies, the safety of the 

complete hydrogen chain, of which these technologies form a 

part, should be assessed. The safety of the chain is determined 

by the weakest link in the chain.

An illustration of a hydrogen chain is presented below

Example of a hydrogen chain (Contribution ET –Energie Technologie, Germany)
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6.5  Safety or risk assessments – who/what should  
 be protected?

When tasked with the safety assessment of a product, 

technology or process, a number of parameters should be 

considered. The choice of the most suitable assessment method 

will depend on considerations including:  

 

 

 

 

 

 

 

 

 

 

In addition to protecting the user/consumer of hydrogen, the 

general public also has to be protected from any hazards 

possibly involved in the wider use of hydrogen. This means 

that the vicinity of hydrogen installations has to be taken into 

consideration when such an installation is being planned, 

approved, erected and operated, as is done today for each 

installation containing dangerous substances, such as refuelling 

stations, fuel storages, etc. 

Concepts involved in risk assessment  
Concepts frequently used in a safety risk assessment are 

explained below. It should be mentioned that although these 

definitions are widely accepted, these are not “universally 

applicable” definitions.

   ◗ Acceptable risk: Every risk below a minimum level of risk 

which society is willing to face.

   ◗ Consequence: Severity of harm caused to people, or damage 

done to equipment or effects in the common operation of the 

process due to an accident.

  Harm: ◗  Physical injury or damage to the health of people, or 

damage to property or the environment.

  Hazard: ◗  Potential source of harm.

What is the target group (trained personnel, customers, the  ◗
general public, other equipment) that might suffer adverse 

consequences in the event of an accident?

Is the main consideration undesired events (accidents) or  ◗
safety during regular use (operational and worker safety)?

What is the purpose of the assessment?  E.g. is it selecting  ◗
a safe location for a process (unit), or selecting the safest 

process from a range of alternatives (relative ranking), 

or assessing safety in comparison to other processes or 

techniques (benchmarking)?
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6.5.1 Risk analysis 

During a risk analysis all realistically thinkable hazards are 

identified and the consequences are estimated. A combination of 

a hazard and the consequence that might result from that hazard 

is an accident scenario. One can provide a relatively objective 

metric for comparing a variety of hazards and consequences (i.e. 

rare events with severe effects and vice versa). 

To decide which safety distance to apply, which safety measures 

are appropriate, or what a contingency plan should look like, a 

safety assessment of an installation (in its environment) should 

be carried out. The risk imposed by an installation will depend on 

the amount of dangerous substance present, the characteristics 

(e.g. flammability) of the substance, quality and reliability of 

the installation (frequency of failure of components), as well 

as the way in which an installation is operated (competence of 

personnel).

Acceptance criteria 

Countries throughout Europe do not have similar acceptance 

criteria for industrial activities. If there is no code or standard 

prescribing or advising risk acceptance criteria, several alternative 

strategies can be carried out. The three strategies discussed by 

the European Integrated Hydrogen Project phase 2 (EIHP 2) are:

1. Comparing with statistics (e.g. from existing petrol   

 stations in case of hydrogen refuelling stations), giving   

 an historic average risk level.

2. Comparing with estimated risk levels from risk analyses.

3. Comparing with general levels of risk in society.

  ◗ Probability: Likelihood of occurrence of a determined event, 

or fraction of time of occurrence of a certain event in an 

operation. Expressed as a number between 0 and 1, where 1 

is certainty of the event to occur and 0 the certainty of the 

event not to occur.

  ◗ Risk: Combination of the probability of occurrence of harm 

and the severity of that harm.

 Risk assessment: ◗  A risk analysis followed by a risk evaluation. 

A risk evaluation requires that the calculated risk is compared 

to a standard or a (set of) criteria in order to decide whether 

the risk is acceptable or not.
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6.6  Safety from a regulatory perspective

6.6.1 Safety hazard abatement - basic elements of a  
 safety policy

In addition to providing the intended services, citizens expect 

that H2+FC systems can be used safely where the “risks” are 

comparable with other systems that are more familiar to the 

population.

Safety assurance is generally dealt with through the following 

hierarchy (preferred order) of measures:

6.6.2 Approval procedure – Laws and regulations applied

The information that is required for the approval of the building 

and operation of a hydrogen facility will depend on the laws and 

regulations applicable. As hydrogen facilities are a relatively new 

type of infrastructure, to date there is an incomplete view of the 

risks involved and international standardisation has yet to occur.  

In some countries the national implementation of the SEVESO-

II guideline is the leading document. The lower limit specified 

in the SEVESO guidelines is 5 tons. If quantities of hydrogen 

currently stored, or planned to be stored are below the lower 

limit specified in the SEVESO guidelines these guidelines are, 

strictly speaking, not applicable. They were mainly used as 

an information source for methods, techniques and criteria 

Prevention of accidents by application of state of the art  ◗
technology and the use of appropriate technical (engineering) 

standards (e.g. Best Available Technology - BAT), or active 

safety. 

Mitigation of consequences by creation of a safety zone or a  ◗
safety distance between a hazard source and a (vulnerable) 

target that may be affected. Targets can be people, buildings 

that may be damaged, or the environment that may be 

polluted. Certain protective measures (e.g. fire walls) may 

reduce the size of required safety zones. An example of 

mitigating measures is the use of seat belts and air bags in cars.

Repression by optimal preparation of emergency services  ◗
(contingency planning). The location of a facility is an important 

aspect here. 
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that could be useful for the safety assessment of a hydrogen 
facility such as a Hydrogen Refuelling Station (HRS). Once the 
safety risks associated with a hydrogen facility (e.g. HRS) are 
understood, a more general approach (e.g. LPG stations in the 
Netherlands) may be adopted. 

6.6.3 Permits required

The approval process of a hydrogen facility may consist of 
obtaining a number of permits: 

Not all permits are required in each country and the order in 
which permits have to be obtained differs as well. With regard to 
safety assessments, the type of end user typically dictates the 
type of authority that must be consulted.

Three target groups can be distinguished for a safety 
assessment:

The general public, outside the hydrogen facility. This is the target group  ◗
for external safety. The basic principle of external safety is to guarantee 

the general public a specific level of protection against threats posed by 

dangerous substances in their immediate environment. External safety 

is not always (e.g. Germany) or not anymore (e.g. Italy) identified as a 

separate topic. The authority that pursues the policy in this respect may 

be a health authority (e.g. Germany) or/and an environmental authority 

(e.g. The Netherlands, France, Spain).

Employees of the hydrogen facility – This is employee safety. This is often  ◗
the concern of the labour inspectorate. The hydrogen facility operating 

permit itself often contains regulations concerning the skills of employees 

(and those of attendants at refuelling stations) and the procedures to 

be followed by them (e.g. in case of an emergency). Also it is implicitly 

assumed that compliance with technical standards will largely take care 

of workers safety. However, topics such as ATEX zoning (EC/99/92 

CE) are dealt with by both the labour inspectorate and environmental 

authority when hazardous industrial activities are concerned.

Safety of customers at the hydrogen facility. For professionals the  ◗
hydrogen facility operating permit may require that persons that 

execute operations (i.e. customers filling up their vehicles) should 

be well instructed. For private customers safety should be more or 

less guaranteed by proper technical standards or similar rules as for 

professionals.

A building permit  ◗

An environmental permit ◗

An operating permit ◗
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6.6.4 Coordination between stakeholders  
 (including community)

The coordination between the stakeholders involved is an 

important issue.  It should be clear from the project outset which 

authority has the coordination role. It is advisable that the parties 

involved seek resolution of discrepancies at an early stage. 

In this respect the community should be treated as an important 

stakeholder as well. To facilitate community acceptance of a 

hydrogen facility it is advisable to determine the requirements for 

community relations efforts. Neglecting the community concerns 

and issues may delay the implementation of the project. 

 

6.6.5 Certification and the inspection protocol

No general certification protocol for hydrogen facilities exists. 

France has an inspection protocol for any installation including 

HRS. Nonetheless, some kind of inspection protocol exists for 

other countries usually based on maintenance or inspection 

demands of the equipment used (as required by the owner and 

/ or manufacturer). The fire brigade can be involved in these 

inspections. In Spain an inspection protocol, based on the risk of 

an HRS, is currently being developed.
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7. Appendix 2: Exploring 
financing instruments
7.1   Equity

The subject of equity finance covers both publicly and privately-

owned companies. Publicly-owned companies issue shares 

(equity) to investors via a stock exchange. In contrast, privately-

owned companies issue shares to private individuals, business 

angels, venture capitalists and corporate ventures in privately 

organised transactions. 

A key hurdle to the development of any early-stage company is 

its initial access to equity. Given the risks associated with early-

stage companies the initial financing is almost invariably equity. 

Access to equity finance is essential for a business in order to 

expand throughout the initial stages of its business idea. 
 

 

7.2  Loans & Guarantees

Currently, a significant source of loan capital is funds (such as the 

EIF or Environmental Funds) established by banks and financial 

institutions, which offer capital to promising R&D projects or the 

commercialisation aims of small businesses. Many of these funds 

are raised at extremely low market interest rates, a benefit which 

is subsequently passed on by the bank to the borrower. The 

European Investment Bank created the European Investment 

Fund (EIF), together with the European Union and European 

private and public financial institutions. The EIF is focused on 

two areas, namely venture capital and the provision of loan 

guarantees. On the one hand, it acts as a fund-of-funds provider, 

investing in venture capital funds, which make direct investments 

in companies. On the other hand, it provides (loan) guarantees 

to financial institutions that provide credit to SMEs. While these 

loan guarantees are not debt, they increase a small and medium 

sized company’s chances of raising a loan by offering the lender 

insurance against the company defaulting on the loan. An 

example of such a guarantee is the EIF’s ‘Growth & Environment 

Scheme’ in which it offers loan guarantees for SMEs that are 

engaged in environmental activities. Generally speaking, the EIF 

uses financial instruments such as the SME Guarantee Facility, 

mentioned above, the ETF Start-up Facility for investments in 

risk capital finances and the Seed Capital Action, which aims “to 

stimulate the supply of capital for the creation of innovative new 

businesses with growth and job creation potential”.34  

34 Seed Capital Action Guidelines:  
http://www.eif.org/Attachments/pub_operational/seed_guidelines.pdf
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An important point to bear in mind with loan guarantees is that 

loan guarantees generally only cover a portion of the loan. 

 

7.3   Venture capital

Venture capital provides medium to long-term finance in return 

for an equity stake in highly risky, but potentially high-growth 

private companies. Investors of venture capital and corporate 

venture funds understand the high degree of risk associated 

with early-stage investing. In order to mitigate the high rate of 

failure amongst start-up companies early stage investors require 

higher returns on their investments (RoI) than either later-stage 

investors, who face significantly lower risks or loan providers, 

who often require some form of security on the amount loaned. 

In order to spread the risks venture capital providers face, 

they typically invest in a number of companies. The group of 

companies invested in by a single capital provider is referred to 

as the ‘Portfolio’. Likewise, strategic investors look for sectors 

with attractive market prospects in multiple sectors. Strategic 

investors often spread their interest to an innovative market 

from other connected market sectors such as the oil, electricity, 

or automobile sector. As a result these investors provide share 

capital in different phases; an initial strategic investment (initial 

stages) which is ideally followed by an investment for expansion. 

In some instances, and particularly in start-up companies, the 

venture capitalist will demand the right of veto over pre-defined 

areas of the business and how the finances provided are used. 

Another potential financing stream for the emerging companies 

within a Hydrogen Community is via the venture capital networks 

such as I-TecNet, or Eurotech Capital, which is a network 

composed of 14 EU venture capital funds focused on technology. 

The equity (venture capital) financing programme I-Tec was 

launched by a pan-European network of early-stage technology 

venture capital investors35 in 1997 in order to support micro 

companies and those SMEs that are unlikely to receive financing 

from other sources. However, one shortfall of this scheme is the 

fact that the company seeking financing has to spend a certain 

budget prior to receiving the equity investment of I-TecNet for 

this budget. Thus, the I-Tec is leaving the micros and SMEs with 

the original equity gap, i.e. does not provide start-up finance. 

35 As well supported by the European Commission as part of the Gate2Growth Initiative

www.roads2hy.com
www.roads2hy.com


www.roads2hy.comPage 86

7.4  Business Angels

These are often wealthy individuals who have made their 

fortunes in business they have created themselves and then sold. 

These individuals often invest their personal wealth, and time and 

expertise in order to get a business idea off the ground. Equity 

financing facilitated by Business Angels is often the first form 

of finance a new company receives. It can be considered as a 

form of venture capital. The European Business Angel Network 

(EBAN) serves as a platform to network individual Business 

Angels allowing them to share their experiences as well as 

market knowledge. It was launched by the European Association 

of Development Agencies (EURADA) on an initiative of the 

European Commission in 1999. EBANs exist on a European, as 

well as on national, regional and local levels. 

More information is available at http://www.eban.org/  

 

7.5   Debt Financing

Debt is a general term for securities other than equity. Debt 

comes in a wide variety of forms including government or 

corporate bonds, bank loans and corporate and personal 

mortgages. The distinguishing feature of debt regardless of 

the form it takes, is that unlike equity, the holder of the debt 

(normally) does not have any claim on the company beyond 

the principal (i.e. money loaned) and any accrued and unpaid 

interest. 

There are a number of different types of banking activities, 

which can broadly be divided into investment banks and retail 

banks (e.g. Commercial Banks, Postal Saving Banks). Generally 

speaking, investment banks act as intermediaries between the 

corporate and financial sectors, supporting companies in the 

raising of new capital and providing advisory services. On the 

other hand, retail banks offer their products, such as current and 

saving accounts, mortgages and personal loans to the general 

public. Investment banks are unlikely to offer their services 

to companies in the seed and early stage, focusing on well-

established companies and companies preparing to list on a 

stock exchange. As a result, early stage companies are most 

likely to make use of retail banks, where the company founders 

often borrow against their private assets such as their homes.
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Overall, the access to debt financing is more complicated for 
SMEs than for larger organisations. In order to provide a loan 
to a company, banks require the company to provide proof of 
its track record or even demand the loan be secured against a 
company asset such as an office or factory. Both conditions are 
unlikely to be fulfilled in the case of SMEs or micro companies. 
One option to overcome this financing barrier is the use of 
certification or guarantees. Interesting within this field is also the 
possibility of mutual guarantees, meaning the option to issue 
guarantees for each other within a defined group of companies.

As already mentioned, debt holders normally have no claim on 
the company beyond the loan made and the associated interest 
payments. Nonetheless, in the event of bankruptcy, a receiver 
will be appointed to manage any assets that may remain. In this 
event, those with claims on the company are ranked according 
to the nature of their claim. Debt holders who have secured their 
loan will be paid first, followed by non-secured debt holders with 
shareholders being the last to be paid. Needless to say, in the 
event of a bankruptcy there is often no money left to repay the 
investment made by shareholders. 

When it comes to SME expansion the majority of European SMEs 
consider debt financing as the main source of external finance 
and tend to neglect equity financing possibilities36. The reason for 
this may lie in the low probability of finding the correct investor 
for individual business ideas. Another cause could be the fact 
that the founder of a company does not want an investor to 
meddle with his vision of a company.

Within the range of debt financing options the most commonly 
used is bank loans, followed by overdrafts. Overdrafts are 
generally a relatively expensive form of debt financing but 
nonetheless are favoured sometimes due to the high degree 
of flexibility they offer. Furthermore, the use of leasing37 is 
increasing within Europe and in some EU countries (e.g. France, 
Luxembourg, Netherlands, Portugal, Spain). Additionally the use 
of factoring38 by SMEs is increasing in Europe but still remains 
an uncommon option within the collection of debt financing 

instruments39. 

36  “Microcredit for small businesses and business creation: bridging a market gap”, EC, 2003 
Observatory of European SMEs, European Commission; Equity financing as demonstrated in the 
Bach database of the European Commission

37  With leasing, equipment can be purchased, which is significant for the further business 
development of a company (for example laboratory equipment). In the leasing scheme the 
financing of equipment is backed/secured by the value of the equipment itself. Another 
advantage of leasing finance can be the combination of leasing with fiscal incentives.

38  Factoring companies – provide finance to companies by buying their trade debts at a discount, 
either on a recourse basis (i.e. the company retains the credit risk on the debts) or on a non-
recourse basis (the factoring company assumes the credit risk). 

39  The Grant Thornton European Business Survey, Grant Thornton International and Business 
Strategies Ltd., produced annually since 1992
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Regional banks, such as Savings Banks, can play a crucial role 

in the support of the business development of SMEs, (i.e. the 

company within the Hydrogen Community) as their monitoring 

costs are lower than those of commercial banks. As the 

monitoring costs stand in relation to the returns, it is principally 

regional banks that consider providing bank loans to smaller 

firms40. Traditionally, Savings Banks and Cooperative Banks aim 

to support local growth and thus provide bank loans to local 

SMEs, but moreover provide them with financial advice, e.g. 

information regarding tax benefits, as well as pairing them with 

business development advisors.

The figure below details the various debt financing forms and 
how they are used within 15 EU countries:
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SME use of different 
debt financing forms 
in the EU41

The securitisation of bank loans issued to small and medium 

sized companies in the EU only accounts to roughly 10% of the 

overall asset-backed securities (i.e. debt secured by one or more 

company assets) issued in the EU between 1999 to 2004.42  

Another form of debt is subsidized loans, which offer the 

possibility of low interest rates or long repayment duration. 

The loans are offered under favourable conditions because 

the lending institution receives a subsidy on the loan. Low 

interest rate loans may also be facilitated by selected groups 

of professionals, industrialists, universities or further local 

stakeholders which create a fund in order to support the local 

business development. 

40 UK’s Economic and Social Research Council, entitled: “Europe’s Advantage: Banks and Small 
Firms in Europe and Britain”, by Dr. Francesca Carnevali, September 2005

41 The Grant Thornton European Business Survey, Grant Thornton International and Business 
Strategies Ltd., data 2001

42 Study on asset-backed securities: impact and use of ABS on SME finance”, GBRW Limited for 
the European Commission, November 2004.
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Companies have the possibility to issue bonds or new shares 

(rights issues) in order to improve their financial situation. 

Funding sources in this field are especially open for companies 

engaged in the field of environmental improvements and 

sustainable energy. The general financing schemes are venture 

capital investments, project finance as well as corporate finance. 

Moreover, there are some banks in the European Union, which 

have an ecological focus. These banks are commonly quite small 

and thus also offer support on a minor scale. 

Microcredits are particularly interesting for small companies. 

Microcredits are commonly defined as a loans below ¤25,000.43 

This form of loan is especially significant as 93% of the 22 million 

European SMEs are micro companies.44 

The Risk Sharing Finance Facility (RSFF) is a financing 

mechanism provided by the European Investment Bank, 

which intends to facilitate loan access and aims at leveraging 

research, technical development, demonstration and innovation 

investments from private entities owing to the catalytic effect 

that a project awarded an EIB loan is likely to generate. Overall, 

the new scheme allows the EIB to become involved in more 

risky projects and enables an increase in the financing volume 

issued by the EIB. Access to the risk sharing finance facility can 

take two different routes. One route is through participation in a 

FP7 project, which automatically qualifies for the EIB Financial 

evaluation. The other route to an EIB Financial evaluation is via 

participation in other European Projects. Ideas which pass the 

EIB Financial Evaluation are evaluated again according to bank 

ability. Those RTD projects that prove they are bankable, will 

receive an EIB Loan. 

Debt financing includes mechanisms to facilitate the financing 

of projects by means of project finance. Traditionally, financing 

uses Corporate Financing Models in place of Project Financing 

Models. Yet, especially for RTD projects it can be difficult to 

support and thus monetarily commit the often heterogeneous 

project promoters (corporate finance) instead of supporting a 

stand-alone project company (project finance) and thus the RTD 

project itself. 

43 European Commission, Microcredit for European small businesses, SEC (2004) 1156, 2004, p. 3

44 European Commission, Microcredit for European small businesses, SEC (2004) 1156, 2004, p. 3

45 EIB, Guide to Financing Projects from European Technology Platforms, Financing instruments of 
the European Commission and the European Investment Bank, p.6
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45 EIB, Guide to Financing Projects from European Technology Platforms, Financing instruments of 
the European Commission and the European Investment Bank, p.6
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Corporate & Project Finance45

The classic project finance scheme can be used for the 

creation of infrastructure and thus is applicable to the business 

development of companies within a Hydrogen Community. 

The project finance scheme is based on the idea that future 

generated cash flow is used to repay the loan issued to finance 

the project. Thus, the main difference between corporate and 

project finance is the transference of responsibility. Whereas the 

promoter is responsible for the prepayments in the corporate 

finance model, the financial responsibility is therefore shifted 

from the company to the project itself under the project finance 

model. It should be noted that although the EIB “Project Finance” 

scheme offers a very interesting approach it is not yet viable for 

small companies. 

Another organisation initiative of the EIB is the concept of so-

called Global loans - Loans for SMEs through an intermediary. 

This concept facilitates credit lines to financial institutions, which 

use these credits to lend the profits further for small or medium-

scale investment projects that are eligible for loans of these 

banks. The intermediary bank is therefore the contact point for 

loan requests. Eligible entities are in general local authorities or 

small or medium sized companies with less than 250 employees, 

an annual turnover not exceeding ¤50 million and an annual 

balance sheet of up to ¤43 million. The type of eligible projects is 

limited to projects dealing with new capital investment of up to 

¤25 million and should be carried out by SMEs or, in the case of 

small infrastructure projects, by local authorities. The investment 

type should be of corporate nature in advanced technologies, 

R&D projects, rational use of energy, environmental protection, 

water supply and sanitation projects, or other infrastructure 

projects. Entities from regional development areas are especially 
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eligible for this loan scheme. The loans are limited to a maximum 

of ¤12.5 million and may cover up to 50% of the investment 

costs. 

More information on European Investment Bank concepts is 

available under www.eib.europa.eu

www.eib.europa.eu 
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8. Appendix 3: EU 
Strategies, Visions and 
Instruments 

When using the term “European Strategy” with respect to the 

creation of Hydrogen Communities this document refers to the 

Hydrogen & Fuel Cell roadmap developed under the auspices of 

the European Commission. The Hydrogen & Fuel Cell roadmap 

specifies expected time-frames for the market commercialisation 

of the various Hydrogen and Fuel Cell applications, current 

market opportunities and existing as well as future key players.

Snapshot 2020 Key Assumption on Hydrogen and Fuel Cell Applications
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Applications

The Hydrogen and Fuel Cell Technology Platform (HFP) was 

launched in 2004 with the specific objective of supporting the 

commercialisation of fuel cells and components of the hydrogen 

supply chain. That is to “facilitate and accelerate the elaboration 

and deployment of cost-effective, world class hydrogen and 

fuel cell based energy systems and component technologies for 

applications in transport, stationary and portable power”46  and 

has to date published three critical strategy documents. These 

are the Strategic Overview, the Strategic Research Agenda and 

the Deployment Strategy47, which all propose the joint pursuit of 

long-term research, technological progress and demonstration 

activities along with programmes to prepare the market for 

these new technologies. These documents envisage fuel cells 

becoming commercially available for all application types 

(portable, stationary, transport) by 2020 and foresee widespread 

market penetration by 2050.

46 Web European Hydrogen and Fuel Cell Technology Platform www.hfpeurope.org , 2006

47  Online versions of these documents may be found at: https://www.hfpeurope.org/hfp/keydocs
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HLG Vision

Strategic Research Agenda / Deployment Strategy

Member States’
Mirror Group

Advisory Council
+ Executive Group

European
Commission

SecretariatJTI Working Group

Transport Stationary Portables &
Premium Markets

General Assembly

Platform Operations
Project and initiatives (EC, MS national, regional, local)

Roads2HyCOM
& HyLights

Hydrogen
Supply

Cross-cutting
Issues

Implementation Panel Coordination Group

European Hydrogen & Fuel Cell Technology Platform (HFP)

HFP Structure and Operations

HFP Structure and Operations48

48 Giuseppe Rovera, Vision, Strategy and Programme of the HFP, Presentation at the EnerMotive, 
slide 7, Milan, 6-10 February 2007

The HFP Initiative Group on Financing & Business Development 

concluded together with key European financing stakeholders 

(e.g. the European Investment Bank and private sector finance 

experts) that large companies are the principal beneficiaries of 

existing EU financing tools.
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The following table shows which financing tools are suitable 

for the 3 stages, research, growth, demonstration and market 

introduction.49

49  HFP Initiative Group on Financing & Business Development, Final report, 2004.

Financing Tools (NTDA table)

Grants

Research Growth /
Demonstration

Market
Introduction

Public contracts (including defence)

Venture Capital (seed & early stage financing) 
(especially important for SMEs)

Seed & early stage financing 
(especially important for SMEs e.g. EIF)

Technology Transfer Accelerator 
(under development): goal of providing seed financing

Early listing of companies (at stock exchange)

Public support (subsidies, incentives etc.)

EIB loans combined with RSSF of EC

Financing Tools (NTDA table)

8.1  Funding Programmes and Initiatives

Various financing programmes and initiatives exist and operate 

at the European level. A selection of the most relevant are briefly 

outlined below. Overall, they are significant for the business 

development of companies in a Hydrogen Community as they 

offer financial support and consultation. 

 

8.1.1 The Joint Technology Initiative (JTI) on Fuel    
 Cells and Hydrogen 

The Joint Technology Initiative (JTI) is designed as an equity 

vehicle operating within the framework of a European Public-

Private-Partnership (PPP). It aims at being a long-term public 

private partnership (joint venture) between the European 

Commission and European Industry in the form of a new legal 

entity. The JTI was officially launched at the FCH General 

Assembly on 14 October 2008. The funds of this partnership will 

be available throughout the FP7 period from the last quarter of 

2008. 

On 28 March 2007 the first Constitutive General Assembly of 

the JTI Industry Grouping took place at which 45 European 

companies created a new international not-for-profit organisation 

serving as the private part of the envisaged PPP. 
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The scope of the JTI is not direct commercialisation of products, 

but promotion of research to effectively advance technologies 

so that commercialisation can take place. Both technology 

demonstration and applied R&D will be within the scope of the 

JTI. However, although some basic research is supposed to be 

considered by the JTI, it is expected that the majority of the 

basic research will remain in the traditional activities’ part of the 

Framework Programmes.

The JTI will combine private sector investment with national 

and European public funding, including both grant funding 

from FP7 and loan finance from the European Investment Bank, 

which is owned by the 27 EU Member States50. Further, R&D 

Centres, regions (as represented by a public institution) as well 

as Member States could also invest in the JTI. However, this 

group will most probably only participate on an advisory basis, 

i.e. providing the Member State perspective on certain issues. 

The JTI vehicle is expected to be the main focus for funding 

hydrogen and fuel cells applied Research and Development 

(R&D) of highly specialised industrial and technological projects 

over a timeframe of seven years. The private sector (industry and 

markets) will provide 50% of the total budget of nearly ¤ 1 billion. 

Further information on the JTI is available at www.hfpeurope.org 

 

8.1.2 The 7th Framework Programme

Broadly speaking, Framework Programmes (FP’s) are grants 

awarded to companies and academia for the furtherance of 

research and development projects. They represent partial 

subsidies where successful industrial recipients are required to 

provide a certain percentage of the project’s budget and as such 

demand that grant applicants have sufficient funds to match the 

grant awarded.

European Framework programmes are based on specific calls for 

project and network proposals that rely on prior acknowledged 

key thematic priorities.

The EU 7th Framework (FP7) Programme for Research and 

Technological Development is designed to build on the 

achievements of preceding Framework Programmes towards 

the creation of the European Research Area, which will integrate 

efforts across all EU countries.

50  Member States’ EIB shareholdings: http://www.eib.org/about/structure/shareholders/index.htm
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Two of the ten themes proposed for EU action include hydrogen 

and fuel cell RD&D. These are Energy and Transport. The Energy 

thematic priority will be covered by two Directorate Generals, 

namely DG TREN and DG RTD. The budget for the Energy 

theme will be divided between the two DGs and the calls will 

be synchronized. DG TREN will issue its calls annually whereas 

the DG RTD budget has been merged for 2007 and 2008. After 

2008 the call procedure for DG RTD is still undefined. 

The programme started recently and will run for seven years; 

during this time it is seen as being Europe’s primary instrument 

for research funding. Compared to the FP6 budget, FP7 

represents a 41% budget increase with an overall budget of more 

than ¤54 billion for a timeframe of over seven years.51

The activities to be co-funded by the EC within the relevant sub-

programme (namely the “Cooperation Programme”) and which 

are related to hydrogen and fuel cells are:

50 European Commission DG Research, EU-funded research FP7 Tomorrow´s answers start today, 
downloadable at CORDIS – Understanding FP7, 2006, p. 12

Energy-Activities

Hydrogen and fuel cells  ◗

Integrated action to provide a strong technological foundation 

for competitive EU H2+FC industries, for stationary, and 

portable applications. 

Renewable fuel production  ◗

Clean coal technologies  ◗

Transport-Activities

Sustainable surface transport (rail, road and waterborne)  ◗

FP7 grant conditions:

RTD Projects : ◗

 •  Max. 50% of eligible costs for industry 

 •  Max. 75% for public institutions and SMEs

Demonstration Projects: ◗

 •  Max. 100% for exploratory actions coordination and   

     training for researchers 

 •  Max. 100% for management audits
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The European H2+FC industry is characterised by independent 

private companies, mostly small and therefore often 

characterised as micro companies. Although the public funding 

share has been raised to 75% and FP7 therefore diminishes the 

equity gap which SMEs and early stage companies have to face, 

a significant gap still exists.

8.1.3 Joint European Resources for Micro to Medium   
 Enterprises (JEREMIE) 

JEREMIE is a flexible programme employing a number of 

financial instruments designed to increase the access to finance 

of micro companies and SMEs. In January 2007, this Programme 

was launched jointly by the European Commission, the European 

Investment Bank (EIB) and the European Investment Fund 

(EIF). It allows EU Member States to use parts of their national 

structural and cohesion funding sources to create financial 

instruments which are customised to the needs of micro 

companies and SMEs. By using the EIF as an intermediary, a 

share of the funding issued by the structural funding source, 

i.e. the European Regional Development Fund (ERDF) can be 

transformed into financial support to the EU Member States and 

Regions. In turn, these may be reimbursed and as such offers 

the possibility of recycling the funding. These financial products 

can take various forms, including equity instruments and loan 

guarantees.

The roles of the EIF and the EIB within the JEREMIE scheme 

are to access financing sources which range from a local to an 

international level. Moreover, the EIF will advise public authorities 

on the set-up of local (or national) schemes. 
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JEREMIE includes two phases, the first one consists of the 

identification of fund-holder and the second one contains the 

call for expressions of interest.  

In addition to the use of structural funds, JEREMIE provides 

for advisory and technical assistance (via the EIF), equity and 

guarantees. One of JEREMIE´s uses of structural funds is the 

utilisation of ERDF (European Regional Development Fund) 

to finance the business development of SMEs and micro 

companies. The ERDF is a structural fund which supports the 

economic development of regions and is primarily aimed at 

fostering employment possibilities. Financial support can be 

accessed via development programmes and the sought after 

EU financing is provided if the programme has been accepted 

by both the European Commission as well as by the responsible 

Member State authorities. 
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