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1 Introduction
The Nordic H2 Energy Foresight project is a joint effort between the five Nordic countries:
Denmark, Iceland, Finland, Norway and Sweden. The project illustrates the prospects of
hydrogen energy technologies and their implications in the Nordic context up to 2030. The
project involves examination of the entire value chain surrounding hydrogen energy
technologies (production, distribution, storage, and utilisation) and the required
infrastructure. The aim of the project is two-fold: to provide decision support for companies
and research institutes in defining their R&D priorities, and to assist governmental decision
makers in making effective framework policies, so that hydrogen energy can be introduced
to the Nordic energy market in a successful way, pointing out even new business
opportunities and niche areas where the Nordic countries can be forerunners in technological
solutions and their application. The foresight exercise also provides means for developing
Nordic networks with the required critical mass in wider international contexts. In this way
the technological developments can be better harnessed to increase welfare in the Nordic
countries and in other parts of the world.
Interaction between research, industry and government, and using a combination of
judgemental and formal procedures are essential features of the Nordic H2 Energy Foresight.
A series of pre-structured interactive workshops (Scenario Workshop, Vision Workshop,
Technology Roadmap Workshop, and Action Workshop) form the backbone of the exercise,
and are supported by document analysis, expert interviews, modelling work and formal
calculations. The contents and the intermediate results of the central elements have been
reported as separate project reports and working papers (see Holst-Jnrgensen, 2003;
Eriksson, 2003a, 2003b; Koljonen & Pursiheimo, 2004a; 2004b; Dannemand Andersen et
al., 2004). This report is one of the intermediate outputs. In particular, the actions needed to
successfully introduce hydrogen energy into the Nordic market are discussed in this paper.
The summary report “Building the Nordic Research and Innovation Area in Hydrogen” is
based on the intermediate results.

2 Information sources
This report is based on the Action Workshop that was organised in Espoo, Finland on March
25-26, 2004. By systematically pooling together the views of the workshop participants the
report provides a comprehensive list of actions needed to realise the Nordic hydrogen energy
visions and roadmaps (for the visions and roadmaps see Eriksson, 2003b and Dannemand
Andersen et al., 2004). The workshop participants are listed in Appendix 1. Appendix 2
presents the program, objectives and working procedures of the workshop. Some additional
input was provided by a small-scale Delphi enquiry among the project partners in
September-October 2004. Appendix 3 presents the Delphi-type questionnaire administrated
by Rise National Laboratory, together with a summary of the responses.
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3 Results of the Action Workshop
The Action Workshop focused on three development areas that are of importance when
introducing hydrogen energy to the Nordic energy market: 1) hydrogen production and
distribution, 2) hydrogen use in transport, and 3) stationary use of hydrogen. 1 In addition,
generic cross-cutting issues and conditions and possibilities of utilising new business
opportunities were discussed. The viewpoints of the group session participants were
documented in form of two-dimensional matrix presentations reporting the challenges faced
when introducing hydrogen energy to the Nordic markets and actions needed to realise the
Nordic visions and roadmaps. Attention was paid to techno-economic, infrastructural and
geographic, ecological and environmental, and socio-cultural and political dimensions of the
problem areas. Each working group generated a matrix summarising the viewpoints of the
members of the group. In this report the results of the three working groups are pooled
together.
The results of the Action Workshop - pooled from the three working groups - are briefly
discussed here. The first section of the results (chapter 3.1) consists of the challenges
identified by the workshop participants. The second section (chapter 3.2) is devoted to the
actions that need to be taken in order to successfully introduce hydrogen energy to the
Nordic markets and fully exploit the potential business opportunities in the Nordic countries.
In chapter 3.1, the generic issues are discussed first, followed by a discussion of the more
specific issues concerning hydrogen production and distribution, hydrogen use in transport,
and stationary use of hydrogen. In chapter 3.2, the workshop participants’ suggestions for
various types of action (raising awareness, R&D, strategies and policies, economic support
and incentives, market creation and intervention, regulative measures, and transition
management) are summarised. Possible levels of action (Nordic, EU and national levels) are
highlighted, also paying some attention to the possible role of portable applications when
introducing hydrogen energy to the Nordic energy market.

3.1 Challenges Faced
Generic cross-cutting challenges

According to the workshop participants, there are still considerable challenges concerning
the technological solutions throughout the entire value chain. In particular, the high costs
and uncertainty around the safety issues related to hydrogen production, distribution and use
were seen as barriers to the market entrance of hydrogen energy. The workshop participants
also pointed out the challenge of developing technological solutions that would ensure the
security of hydrogen supply for those adopting the new technology (for instance the special
requirements of isolated communities and interconnected systems).
Insufficient knowledge and attention among decision makers and consumers - and the lack
of relevant education and training programmes - is another type of generic cross-cutting
1

It was also pointed out that the role of portable applications should be paid attention to as well. Although
their share of the energy market is likely to remain small, the portable devices may be the first smallscale hydrogen applications consumers learn to know, which may also create a positive atmosphere for
later hydrogen applications of different scales. It was, however, not possible to adequately tackle this
area within the framework of the workshop.
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challenge that was stressed by the workshop participants. It was noted that reliable
information on the long-term impacts of increased hydrogen use (effects on environment and
climate2, economy and employment, safety and health risks, etc.) is not yet available. The
consequences of satisfying the future energy needs with the help of existing technologies are
also poorly understood.
Without adequate information of the positive and negative impacts of hydrogen energy, as
well as predicting its competitive value against other energy alternatives, it is impossible to
assess the benefits of introducing hydrogen to the Nordic energy market. With inadequate
knowledge it is also difficult to perceive the effects of hydrogen on the Nordic energy system
itself (issues related to the functionality and flexibility of the system were taken up as
examples). This means that the full potential of the new technology might not be discovered
or that important aspects of developments are not paid enough attention to. It was also noted
that the recent liberalisation of the Nordic energy market has contributed to short-term
thinking around current competitiveness at the expense of longer-term development and
investment plans. Capturing decision makers’ attention to longer term issues concerning
the Nordic energy system was thus seen as a real challenge. Insufficient knowledge together
with short-term views make it difficult to identify new hydrogen-related business
opportunities for the Nordic countries. Even so, there is already some Nordic potential e.g. in
the areas of fuel cells and storage technology. However, Nordic core manufacturers could
help facilitate wider exploitation of business opportunities.
In the energy markets hydrogen energy will compete with other energy alternatives and it is
not self-evident that it will be the winner in the long run. Furthermore, it is not clear if pure
hydrogen or a hydrogen containing gas-mixture (e.g. mixture of natural gas and hydrogen)
turns out to be the most feasible solution. Considerable investments are, however, needed to
test the potential of hydrogen energy and other related alternatives. The workshop
participants noted that in these conditions an important challenge is to attract private and
public risk money to Nordic development projects and programmes, such as development of
Nordic niche applications and infrastructure, in addition to public promotion of hydrogen
energy. Access to relevant private investors would probably be needed in addition to public
funding, but it is not quite straight-forward to identify potential investors.
On the other hand, when introducing the new technology into the market there are challenges
related to consumer behaviour: What are the appropriate ways of motivating and
influencing consumers, so that they would choose hydrogen energy applications instead of
other alternatives. Reasonable prices (compared to conventional fuels and applications), easy
use and maintenance and meeting the needs of various important user groups were
mentioned as key issues in this respect. The workshop participants, however, stressed that in
the early phases some additional incentives, for instance in form of supportive taxation and
respective measures promoting the creation of markets for hydrogen energy, are needed as
well. In the recently liberalised energy market the use of strong policy measures may,
however, be an additional challenge - it was noted that the issue of market (de)regulation
should be better understood in this context. It is also important to have a holistic picture of
the entire hydrogen energy system - otherwise there is a risk of ending up with a ‘chicken or

2 For instance: How would the ozone layer be affected by increased H2 emissions?
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egg’ situation: the infrastructure and distribution system are not developed because there are
only a few hydrogen applications in the market, and new hydrogen applications are not
introduced to the market because they cannot be used for lack of adequate hydrogen supply
and infrastructure. The fluent introduction of hydrogen energy to the Nordic market calls for
politicians’ attention in issues related to legislation, taxation policies and early-stage
investments on education, infrastructure, etc. There is a need to wake up the Nordic policy
makers in this respect.
Challenges of hydrogen production and distribution

Utilisation of favourable primary energy sources, efficiency of hydrogen production and
distribution, and secure and safe storage of hydrogen were seen by the workshop
participants as key issues when developing hydrogen energy technology and introducing it to
the Nordic energy market. There were different views of the usability and benefits of various
renewable sources, nuclear energy and fossil sources. Attention was paid to availability,
sufficiency of supply, and impacts on emissions and consequent potential environmental
damages caused by various primary energy sources. The emphasis varied according to the
participant’s home country and background. It was, however, agreed on that better and more
economic ways of producing hydrogen should be discovered and developed in any case. For
instance, better technical solutions for high-temperature and high-pressure electrolysis, as
well as gasification of biomass, are needed. There may also be entirely new ways to produce
hydrogen that have not been discovered yet. But it was noted that if hydrogen is extracted
from fossil sources, proper technologies for CO2 capturing/sequestration, storing and
transportation to the storage site would also be needed. On the other hand, lack of renewable
low-cost energy sources might be a problem too, and the political support for nuclear energy
is currently insufficient in many of the Nordic countries. Furthermore, hydrogen is already
now produced as a by-product of some industrial processes. Still, in spite of some
encouraging single examples, there is no clear picture of the opportunities for its utilisation
in the local and regional energy systems. The competitive advantages due to industrial and
geographical differences still wait for their recognition and utilisation.
The alternative transportation methods of distributing hydrogen via pipe lines (pure
hydrogen or hydrogen blended with natural gas), or by trucks in containers (in liquid or
pressured form) should be further examined to be able to construct a safe, reliable and
economically feasible distribution system for the Nordic hydrogen energy market. Long
distances together with relatively low energy densities make up additional challenges for the
Nordic context. The possibilities of utilising the existing infrastructure (for instance natural
gas pipelines) for hydrogen distribution need to be better understood, as does the entire
logistic process from production sites to end users (for example the logistical process
between ‘renewable hydrogen production’ and distribution to hydrogen vehicles/residential
applications). It is also possible to produce hydrogen near-by the end users (e.g.
decentralised energy production on islands and remote Northern areas). But to be able to
create a sustainable distribution system the ecological and environmental impacts of the
various alternatives should be better understood as well: it is not straightforward to tell,
which combination of renewable and fossil primary energy, centralised and decentralised
hydrogen production, and pipeline and truck delivery would in the long run best support
sustainable development in economic, environmental and societal realms.
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It was noted that building an adequate infrastructure and a safe, reliable and in the long-run
economical distribution system for the Nordic countries requires big investments in an early
phase (especially considering the circumstances, scarce populations that require long
journeys between community centres). Therefore the industry is not likely to take the first
step towards the hydrogen society. This means that there should be political commitment to
promote the development of hydrogen society (high upfront investment on a risky
technology). For that purpose, politicians and economists need tools e.g. for comparing the
competing energy alternatives. This is, however, not a straight-forward task. For example,
encouraging renewable energy alternatives at reasonable discount rates for the required
investments would be needed. The discount rates should be based on well-grounded
information which is not available at the moment. There are also other barriers to overcome.
Socially, people tend to opposite construction of new industrial installations in their
neighbourhood even if they are familiar with the technology. For unknown technologies
stronger reactions can be expected. Accordingly, raising awareness with respect to spatial
planning of hydrogen energy infrastructure should be started as soon as possible. This
might not be discovered because a commercial market for hydrogen energy does not exist
yet.
Development of reversible fuel cells, better and cheaper storage technology (with higher
energy density) and new ways of extracting hydrogen from natural gas (methane CH4) were
some additional challenges taken up by the workshop participants. It was also pointed out
that hybrid applications will be needed during the transition phase. The Nordic knowledge
pool could also be used to face the challenges of developing countries: hydrogen energy
provides new possibilities for fuelling, heating and electricity in countries without the
conventional industrial infrastructure. The fuel cell and hydrogen energy technologies may
give some developing countries an opportunity to “pass” the phase of a heavy concentrated
energy system by building smaller scale distributed energy systems. This provides additional
business opportunities for those discovering the potential benefits to developing countries.
Challenges of hydrogen use in transport

The workshop participants also discussed the challenges of introducing hydrogen energy to
various types of transport applications: cars, buses, ships, trains, special vehicles for
industrial and recreational uses (mining, forestry, gardening, fishing, etc.). Reliability,
safety, reasonable vehicle and fuelling prices (and other user costs), comfort of use and
environmental benefits were all seen to be of key importance in gaining market acceptance
for hydrogen use in transport applications. There are still considerable techno-economic
challenges in developing hydrogen fuel cells, hydrogen-based internal combustion engines
(ICEs) and on-board hydrogen storage to meet these needs. The development of H2 ICE
technologies is mainly done outside the Nordic countries, but the Nordic countries do
already have some important competencies in the areas of fuel cells and hydrogen storage.
But in the absence of relevant standards and regulation the development efforts are a highrisk venture for the Nordic players.
As for fuel cells, the development needs concern their efficiency, reliability, durability, and
life time (longevity). These features are not easy to develop with the existing technologies.
New technical solutions and new type of materials are needed to proceed with the
developments. New business opportunities will be provided for those who come up with
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proper solutions. The Nordic countries already possess some important knowledge in this
area, but haven’t yet found the appropriate niche areas where the business opportunities
could be best exploited. The big automobile manufacturers have invested considerable
amounts of money on development of hydrogen cars and vehicles and several hybrid models
have already been introduced to the market (H2 ICE and H2 FC vehicles). Against this
background the number of Nordic fuel cell manufacturers may be far too low to meet the
market demand in the near future. There could probably be many more Nordic players in this
field if they just find their own profitable niche areas.
On the other hand, it was noted that the most significant automobile industry players are
outside of the Nordic countries. The Nordic countries are, in turn, forerunners in the shipping
industry and some hydrogen and/or fuel cell applications for this purpose are already under
development. This, together with the possibility of testing the technology in extreme climate
conditions, could provide a unique competitive advantage for the Nordic countries for
instance in the area of marine uses of hydrogen energy. Other possible niche areas could be
found in the areas of specific vehicles for mining, forestry and recreational uses. The
transition phase could also start by equipping ships, boats and other vehicles with hydrogenbased auxiliary power units (APUs) satisfying the electricity demand of onboard electrical
devices and control systems. This would apparently be another area of business opportunities
for those coming up with feasible and competitive solutions.
Increasing the onboard hydrogen storage capacity of various types of vehicles in a safe and
reliable way was mentioned as another challenge of transport applications. It is particularly
important in shipping applications, but also car drivers would prefer vehicles with reasonable
fuelling intervals as this would also allow longer drives when the distances between filling
stations are long. In short, energy density should be increased and the storage costs
decreased. The issue is naturally related to the type and quality of the fuel (will it be pure
hydrogen, natural gas/methane, or a mixture of these) and to the existence and coverage of
the distribution and fuelling networks (sufficient and even coverage would facilitate the
adaptation of the new technology). The question thus leads back to the challenge of investing
in an adequate infrastructure already at an early stage.
The environmental benefits of transition towards hydrogen energy use in transport
applications should be better understood too. There is an apparent potential for reducing
CO2 emissions and noise levels, but the message hasn’t yet reached either decision-makers
or the wider public. On the other hand, the indirect impacts on environment and welfare, as
well as the possible new types of environmental problems (increased H2 emissions, water
steam clouds in cities, ice formation on roads in temperatures below zero, etc.), and health
risks related to safety issues should be better understood before making any decisive
conclusions. Furthermore, reliable comparisons of environmental benefits of pure hydrogen
and competing fuels (natural gas/methane, various mixtures) are not yet available. The same
is true for comparisons between fuel cell technology and other competing technologies.
Existing uncertainties related to costs, safety and long-term environmental impacts make it
difficult to build trust on transport application using hydrogen energy technology. Without
trust and reasonable prices it is, in turn, difficult to motivate consumers to change over to
fuel cell and/or hydrogen based vehicles (mental barriers and groundless public fears should
be overcome). Correspondingly, it is hard to attract the required private and public
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investments for building adequate infrastructure that would allow fluent transition to
hydrogen-based road, railway and marine transport. Local infrastructures may satisfy the
needs of public transport in urban areas and encourage the first moves towards hydrogenbased special-purpose vehicles (e.g. hydrogen applications in fields of mining, forestry,
agriculture and recreational uses). For other applications the regional coverage of fuelling
network and other required infrastructure should be much wider. Still, it is not easy to tell
how the burdens and benefits are shared in a fair way in the Nordic context with relatively
long distances, low population densities and country-specific geographical and industrial
conditions.
Challenges concerning the stationary use of hydrogen

Equipment prices and operating costs, safety of use, security of energy supply and perceived
environmental benefits are all key questions when promoting the stationary uses of hydrogen
energy. The overall costs are connected to the durability of SOFC and PEMFC fuel cells,
efficiency of energy production and the way in which the energy is utilised]. Technical
development is still needed to extend the life time and the capacity offuel cells so that they
would meet the typical demands of stationary uses (like the residential and industrial energy
demand in form of heat and electricity). Development of hydrogen production and storage
technology is needed as well. Access to cheap hydrogen should be utilised as a competitive
advantage whenever possible (for example when hydrogen is produced as a by-product of
industrial processes).
Hydrogen energy technology is well suited for independent local energy systems. In this
respect it opens new possibilities for meeting the energy needs of isolated communities and
others living under exceptional circumstances. The first commercial stationary applications
in the Nordic countries can well be CHP systems for isolated communities and recreation
sites, as well as back-up systems that guarantee adequate energy supply when conventional
energy systems are out of order. The Nordic countries could utilise their special assets for
developing micro CHP systems for these kinds of purposes. On the other hand, Nordic
know-how in the areas of ICT, energy systems and system analysis could be combined to
develop reliable and well-controlled distributed energy systems based on networks of local
energy producers (this would also reduce the requirements to invest in large-scale facilities
and infrastructure). The sparsely inhabited, but economically strong, Nordic regions could
provide an appropriate test market for this type of application. However, converting energy
consumers to energy producers and construction of an appropriate grid are not
straightforward tasks.
Successful demonstrations and early niche markets in the form of hydrogen energy systems
for summer cottages and other recreational uses were mentioned in the Action Workshop
as examples of opportunities that wait for Nordic exploitation. In order to be successful, the
demonstrations must be without large-scale accidents caused by hydrogen production,
distribution and use. Appropriate scales of demonstration should be defined beforehand in
order to avoid unnecessary risks while giving convincing evidence on the functionality and
safety of hydrogen energy technology. The long-term and short-term risks of hydrogen
energy technology (both large-scale and small-scale) should be compared to those of
3 For instance, the efficiency of electricity production is higher than the efficiency of heat production.
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conventional energy technologies. Still, it might turn out that competing technologies are
better accepted by consumers, who seldom want new installations in their neighborhood
(public perception of safety is not necessarily based on objective information). The unclear
‘rules of the game’ further complicates the introduction of hydrogen energy to stationary
applications (relevant regulation, legislation and tax policies are missing).
Table 1 summarizes the various types of challenge that were pointed out by the workshop
participants.
The possible ways of meeting these challenges in the Nordic context is further discussed in
section 3.2. In particular, the focus is on the actions needed to overcome the perceived
barriers and to facilitate the desired developments.
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Table 1. Challenges faced when realizing the Nordic hydrogen energy visions and
roadmaps. A stream-lined summary of the group work results.

Generic
cross
cutting
challenges

Techno-economic

Infrastructural &

Ecological and

Socio-political

dimension

geographical
dimension

environmental
dimension

dimension

Developing cheaper and
safer technology

Sufficient & secure
hydrogen supply

Commercialization of
hydrogen energy

Investing in proper
infrastructure early
enough stage

Understanding long
term environmental
impacts of hydrogen
energy compared to other
energy alternatives

Increasing knowledge
and getting attention
Supporting long-term,
systemic (holistic)
thinking
Incentives for adopting
the new technology

Prevention of large
accidents

Recognizing the need of
immediate spatial
planning

Recognition of Nordic
business opportunities

Challenges

Developing efficient and

of hydrogen economically feasible
production hydrogen production
and
distribution

technology for various
primary energy sources
Reliable hydrogen
supply for various
applications
Utilizing the hydrogen
produced by existing
industries

Choices between
centralized and
decentralized systems
Fitting the new facilities
& systems with existing
structures and landscape
Utilizing the existing
infrastructure for
distribution
Selection of proper pilot
sites

Developing efficient
distribution technology

Reliable and safe
hydrogen vehicles

of hydrogen
Reasonable vehicle and
use in
fuelling prices
transport
Sufficient onboard
hydrogen storage
capacity

Sufficient coverage of
the fuelling network for
hydrogen-based vehicles
Understanding the
requirements of and the
opportunities provided
by the Nordic climate
conditions

Recognition of potential
Nordic niche areas
(could be for example
APUs, marine appl.,
vehicles for mining,
forestry & recreation)

Challenges
of the
stationary
use of
hydrogen

Increasing the life time
and capacity of fuels
cells
Utilization of industrial
by-product hydrogen in
local and near-by
stationary applications
Recognition of potential
Nordic niche areas
(summer cottages,
isolated communities)
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Understanding how
different types of system
(centralized vs.
decentralized; pipeline
vs. truck delivery, etc.)
affect the environment.

Increasing political
commitment for
promoting the hydrogen
society in the Nordic
countries

Minimizing harmful
environmental impacts,
maximizing env.
benefits.

Decreasing storage
losses

Challenges

Understanding how
various fossil and
renewable primary
energy sources affect the
environment

Well functioning
independent local energy
systems

Reliable and wellcontrolled distributed
energy systems

Recognizing the
potential of hydrogenbased vehicles in
reducing CO2 emissions
and noise levels
Understanding potential
health risks and
environmental problems
caused by hydrogen
vehicles (e.g. safety
issues, H2 emissions,
water steam clouds, ice
formation)

Political commitment for
reducing noise and
emission levels in traffic
Gaining market
acceptance for hydrogenbased vehicles

Prevention of large
accidents

Converting energy
consumers to energy
producers

Recognizing the
potential of hydrogenbased applications in
reducing residential and
industrial CO2 emissions

Clear ‘rules of game’ are
needed to convince early
movers towards
hydrogen-based
applications

3.2 Actions needed to realise the Nordic hydrogen energy visions
and roadmaps
The participants of the Action Workshop identified various types of actions that need to be
taken in order to successfully introduce hydrogen energy to the Nordic energy market and to
exploit the business opportunities provided to the Nordic actors. The suggestions of the
participants can be roughly classified in six categories: 1) informing decision-makers and the
wider public, 2) carrying out relevant research and development, 3) creating appropriate
strategies and policies, 4) obtaining financial support for the technological developments in
the transition phase, 5) market creation and intervention, and 6) contribution to international
agreements. In addition, it was noted that specific attention must be paid to transition
management.
Informing decision-makers and dissemination amongst the wider public

According to the workshop participants, information dissemination and raising awareness
are among the most important and urgent tasks for successfully introducing hydrogen energy
to the Nordic market. It was also stressed that without relevant information and attention,
utilization of new business opportunities is likely to be ignored (or remain at a too modest
level). For this purpose, it is important to put some effort into producing adequate
information about hydrogen energy, the required technology and infrastructure, and their
long-term impacts on economy, environment and society. It is also important to share this
information with industrial and political decision makers as well as the wider public in the
Nordic countries.
In addition to mere lists offacts, compilation and distribution of convincing and informative
‘true stories’ that illustrate the full potential of hydrogen energy, and the conditions under
which it can be successfully introduced to the Nordic energy market would be of great
assistance. With the help of ‘true stories’ the complex information can be made more
interesting and comprehensible. Good Nordic stories should also alert attention to the
specific assets of the Nordic countries, as well as to the opportunities and risks involved in
introducing hydrogen energy into the Nordic context. To ensure a smooth transition to the
hydrogen age during the next few decades it is important to sell the ideas to Nordic decision
makers and citizens. In this way the Nordic business opportunities can also be best exploited.
An attitude change is particularly important in countries where hydrogen energy hasn’t yet
reached serious attention among political decision-makers (for example in Finland). Nordiclevel actions and grass-roots pressures could facilitate national-level developments in this
respect.
Broad, high-quality information is needed in all types of public media (internet sites,
professional journals, daily press, television, radio, etc.) In addition, it is important to use
channels directed to more specific audiences (exhibitions, data bases, seminar and
conference presentations, etc.). In order to reach all generations, information on hydrogen
energy should be included in educational materials. Nordic ‘road-show programs’ for school
children and other target groups could be organized. Nordic platforms for sharing
information and experiences on hydrogen energy could be established as well. The Nordic
countries could also produce common information material for their citizens (the material
should be available in all Nordic languages; also in English and in some other languages
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spoken in the Nordic area?). In addition, there could be specific campaigns around early
hydrogen energy demonstrations. Government funding is needed for these actions.
In order to be able to communicate the potential of hydrogen energy in a convincing way,
reliable information on the long-term impacts of the new technology should be available.
For this purpose, high-quality and broad-scope technology assessment studies and costbenefit analyses should be conducted, taking into account the specific context and conditions
of the Nordic countries. The economic, ecological and socio-political dimensions of the
problem should be paid attention to when examining the positive and negative impacts
(estimated benefits, costs, risks, etc.). The results should also be compared with those of
other energy alternatives. Calculations on the conditions of feasibility would be valuable as
well, although it is difficult to measure the benefits and costs in common terms (for instance,
how to estimate the price people would be willing to pay for a better environment?). In any
case, the Nordic countries could coordinate their efforts to produce the required assessments
and cost-benefit analyses. Although the costs and benefits are difficult to estimate at this
stage because of various uncertainties related to the future developments, the best possible
information is now needed for well-grounded policy decisions and strategies at Nordic,
national and company level.
Another important way of informing the Nordic decision makers and citizens is through
early demonstrations. The Nordic countries could for instance build up a common Nordic
demonstration site (or a cluster of Nordic demonstration sites) that would include a portfolio
of interesting Nordic demonstration projects. It was suggested that a well-organised “Nordic
Hydrogen Valley/Hydrogen Peak” would attract more attention than several individual
demonstration projects. In the context of a common “Nordic Hydrogen Peak” the historical
and cultural background of Nordic cooperation could be utilized for disseminating
experiences among Nordic actors, and attracting international attention.
Demonstrations based on diverse hydrogen production technologies, various types of fuel
cells and storage alternatives, central and decentralised systems, and various types of
stationary and transport applications could be included in the Nordic demonstration
portfolio. The demonstrations should, however, somehow reflect the special features of the
Nordic countries (experiences and know-how in the field of hydrogen energy, similarities
and differences in industrial structure, etc.). A common Nordic hydrogen ferry
demonstration - or other marine applications - and a stand-alone fuel cell / hydrogen
production demonstration (using local RE sources: wind, solar, wave, hydro, bio energy, and
serving the various energy needs of an isolated Nordic community) were mentioned as
interesting cases to be included in the portfolio. In addition, interesting showcase projects
could be started. For instance, each school could be equipped with a concrete hydrogen
and/or fuel cell application (vehicle, mobile device, etc.), so that pupils and teachers could
get familiar with the new technology. It was also suggested that an inventive demonstration
should be arranged in the context of the next meeting of the Nordic Council of Ministers
(such as a fuel cell operated laptop computer, or other portable device, remote control
vehicle or something of the like).
Carrying out relevant research and development

As already mentioned in the previous section there is an urgent need to carry out reliable and
multifaceted technology assessment studies on the long-term impacts of hydrogen energy in
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the Nordic context. Correspondingly, there is a need for high-quality cost-benefit analyses. It
was recommended that the TA studies and cost-benefit analyses be conducted in form of
Nordic cooperation as far as possible. Nordic viewpoints should be actively incorporated in
wider EU-level studies as well. In this way overlapping work could be avoided, causing a
significant reduction in the work load and more efficient use of the scarce human resources
in the Nordic countries. It was suggested that complete cost-benefit analyses concerning
different kinds of energy sources in the Nordic context should be undertaken in this way, as
well as investigations on the efficiency of the entire Nordic energy system.
However, in order to be able to introduce hydrogen energy into the Nordic energy market
and to utilise the business opportunities hereby provided, it is not sufficient to study just the
impacts of the new technology. The technology itself also has to be developed so that it
would fulfil the requirements of successful market introduction. For that purpose, significant
research and development work - including networking between researchers and industrial
specialists - is still needed, and Nordic actors could play an active role in this respect. Being
a forerunner in some specific niche areas is likely to be beneficial to the Nordic countries:
innovative Nordic solutions can be introduced to the market, attracting other important
resources to the Nordic area. Successful innovations should, in turn, increase welfare in the
Nordic countries in the form of profitable businesses and of more efficient and sustainable
energy systems and applications. The latter benefit would of course be provided to all
countries making use of the successful innovations; meaning that some developing countries
can be among the early adopters of hydrogen and/or fuel cell based energy technology.
The participants of the Action Workshop stressed the need for basic research and education
in relevant areas (such as the electrode processes and dense storage technology), and applied
research on hydrogen energy and the development of Nordic pilot applications. Problemoriented research crossing traditional disciplinary boundaries is required, as well as
international cooperation between research institutes and industry. In order to be effective
the research efforts should be well coordinated in the form of long-term research
programmes. The workshop participants recommended prioritization of early niche areas in
the Nordic programmes. It was also considered important to involve end-users in the
development work. The specific features of the Nordic countries should be utilised in
research and development work too (for instance, in testing the new technology - hydrogen
cars, etc. - under extreme climate conditions in Lapland). It was also considered important to
attract young talents to hydrogen energy research and development.
It was suggested that a new Nordic ‘lighthouse project’ could be started within the EU
framework, combining learning from diverse technologies. Nordic players should also
actively create - and participate in - relevant ‘Networks of Excellence’ within the EU
framework programmes. Nordic networks of excellence could also be created (e.g. around
the research on environmental externalities and their cost/benefit analysis). This would
probably also give better opportunities to contribute to the contents and weightings of EU’s
7th framework programme.
The workshop participants also listed a number of specific areas where Nordic research input
would be valuable. Among these were electrolysis, gasification of biomass; other
decentralised methods of hydrogen production using renewable energy sources; development
of CO2-H2 separation; CO2 capture and storage techniques; (dry) reforming, (high
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temperature, reversible) fuel cell technology and material science for fuel cells; hydrogen
based auxiliary power units (APUs); development of (large-scale) storage (incl. composite
tanks); distribution technology; improvement safety and security in hydrogen production,
distribution and use; and development of practical measurement tools for LCA that could be
applied to hydrogen energy/hydrogen energy applications. Development of industrial
balance of plant components (BOP) needs to be encouraged as well. On the other hand the
participants stressed that it would be worth concentrating the Nordic resources around a
common Nordic pilot project including a hydrogen ferry demonstration and/or other marine
applications.
Creating appropriate strategies and policies

The workshop participants underlined that appropriate strategies and policies are needed in
order to support and facilitate relevant research, development and demonstrations in the
Nordic countries. Explicit choices, e.g. in the form of resource allocation to long-term
research programmes, must be made. In particular, joint Nordic R&Dprogrammes that pool
together the Nordic expertise in hydrogen energy and other relevant areas were suggested.
These programmes should be in line with EU programmes, but have a clear Nordic
contribution in form of added value (for instance, a Nordic ‘light house project’ combining
learning from diverse technologies was suggested by the workshop participants). Combining
the efforts of the Nordic countries would be important to gain the required critical mass in
the context of the European Research Area (ERA). Adequate financing and support by the
governments of the five Nordic countries is, however, a prerequisite for developing the
critical mass and unique Nordic solutions. It was stressed that without public investments in
relevant R&D programmes the Nordic countries remain bystanders of the development
(industry is not likely to take the first steps when the economic result comes after years or
decades).
It was also noted that the Nordic countries can never compete with the amount of financial
resources put on hydrogen energy research seeming that the USA, Japan and the big
European economies are investing much more anyway). Instead, the Nordic countries should
strive towards being forerunners in some specific niche areas where they can utilize the
specific assets of the Nordic countries4 (marine applications, specific vehicles for
mining/forestry/agriculture/industrial uses, and applications serving isolated societies and
recreational uses were suggested as possible Nordic niche areas). Prioritisation of early
Nordic niche areas was thus seen to be a reasonable strategy in R&D resource allocation.
Relevant basic research should be supported as well in order to be able to keep the Nordic
countries in the frontline even in the long term. It was also realised that in order to be
successful it is important to benchmark the Nordic R&D activities in the field of hydrogen
energy with those of other countries. A lot of benchmarking work has already been done at
EU level, so duplicating this work is unnecessary. A clear Nordic view and facilitation of
system level learning are more important than the imitation of other countries.

4
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Among the specific assets listed for the Nordic countries were their remote regions, extreme climate,
high education, welfare, social equity, environmental awareness, functional design and systems, well
functioning institutions, openness in government and development, harmonized legislation, common
deregulated energy market, and their different industrial structures and primary energy sources.

It was stressed that successful R&D prerequisites networking across disciplinary, national
and organizational boarders. Furthermore, cooperation between industry (companies) and
research institutes is a necessary requirement in developing new innovative solutions for the
Nordic and global energy market. The workshop participants suggested that a Nordic
platform - or a Nordic network of excellence - for exchanging information and ideas around
new sustainable energy alternatives should be established, hydrogen energy - in its various
forms - being an important part of the focus area. Both researchers and industrial actors
should be involved. This would speed up the process of finding appropriate Nordic partners
to research, development and demonstration projects. Nordic projects with a large number of
partners from various types of companies and research institutes would facilitate learning as
well. Coordination between ministries and other authorities responsible for education,
research, transport, energy, environment, industry and trade is needed to build up an
adequate Nordic R&D infrastructure. This would also facilitate the realisation of “Nordic
Hydrogen Peak” type larger-scale demonstrations with a portfolio of Nordic solutions in the
field of hydrogen energy. Visible demonstrations are, in turn, important to draw attention to
the potentials of hydrogen in the Nordic energy market and in the development of Nordic
and global welfare, including the potential for new business opportunities.
The workshop participants also pointed out that in order to be effective, the Nordic hydrogen
energy strategy and policy (and the national level hydrogen energy strategies of the Nordic
countries) should have clear objectives. Objectives should be expressed in concrete terms
and economic figures. Arguing in terms of concrete business plans is required to convince
the important decision makers, so that they are willing to make the required initial
investments in the appropriate infrastructure and to place public money in relevant R&D.
The investments in infrastructure also mean some early choices between centralized and
decentralized hydrogen production and corresponding decisions concerning hydrogen
storage and distribution. One solution to this could be to start with decentralized production
and include centralized production together with wider-scale pipe line distribution at a later
stage when the market is big enough. Another possibility could be to start with big cities and
other densely populated areas, and extend the regional coverage when there is enough
experience of the use of hydrogen energy systems in the urban areas. In either case security
of energy supply should be paid attention to, as well as regional and spatial planning for
developing an appropriate infrastructure. Concrete calculations describing the functionality
of the hydrogen energy system even in exceptional circumstances would aid the decision
makers at Nordic, national and local levels.
When creating new Nordic businesses, special attention should be paid to converting the
Nordic inventions and patents to commercial products. Successful market introduction will,
however, be difficult without additional incentives and regulative actions in the transition
phase. For this purpose, the Nordic countries should develop appropriate policy instruments
(taxation, etc.) for ensuring the competitiveness of hydrogen energy - and the hydrogen
energy applications - in the early markets. Nordic demonstration projects could be used as
platforms for developing this kind of policy instruments. It was noted that there is not yet
enough Nordic cooperation in this respect. An important task of the Nordic H2 Energy
Foresight project could thus be to create a basis for the development of common Nordic
policy measures and introduce the idea to the Nordic Council of Ministers.
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Explicit inclusion of hydrogen energy developments in the Nordic environmental policies
was also suggested in the workshop. Environmental directives, regulation and legislation are
relevant tools when introducing hydrogen energy to the Nordic energy market. The global
policies should be paid attention to when using these tools at Nordic and national level. For
example, the possible inclusion of the traffic sector in the emission trading system may have
significant effects on transport fuels already in the short- or medium-term future.
Obtaining financial support for technological developments in the transition phase

Various types of financial support are required to promote the realisation of the Nordic
hydrogen energy visions and roadmaps. In the first place, financial support is needed in the
form of public and private funding of relevant research, development and demonstrations.
Second, financial support in form of risk money and venture capital is needed for starting
new businesses based on hydrogen energy technology and the required infrastructure. Third,
economic incentives are needed when introducing the new technology to the market. In
addition there is a need for financial input into the production of relevant education and
adequate information.
It was noted in the previous sections that Nordic hydrogen energy researchers and other
specialists in relevant fields could be significant actors in the European and global hydrogen
energy community if they coordinate their efforts and find some specific Nordic niche areas.
It is, however, difficult to obtain significant research results without adequate research
resources. Both public and private funding is required for the purpose. Appropriate funding
should be available for basic as well as applied research. In order to reach a serious level,
the financial resources available for Nordic hydrogen energy research, development and
demonstration projects should be significantly increased (the present level is quite modest
compared to the planned investments of the EU, USA and Japan). However the industry is
unlikely to take the first step as the economic returns can be expected only after years or
decades. Public funding through the Nordic Energy Research Programme/Nordic Energy
Fund, Nordic Innovation Centre, NORFA, as well as national level public funding5 in the
five Nordic countries is thus needed for creating adequate conditions for developing a
significant Nordic knowledge pool around hydrogen energy. It was also suggested that new
types of funding practices could be developed (for instance, it was suggested that an
enterprise could identify a problem and an appropriate research institute who would solve the
problem with the help of 100% R&D funding from a public source). It was also suggested
that new type ofpublic financing instruments should be developed to allow industrial R&D
without huge company investments. Even the alternative where specific problems identified
by the companies would be solved by researchers fully funded by public sources could be
considered.
But the Nordic countries could still not compete with the amount of money put to R&D and
demonstrations even if he level of funding is significantly increased. A reasonable solution
would be to avoid overlapping work and to prioritise research in Nordic niche areas. This
means that those responsible for allocating the Nordic and national level resources should be
5 For instance, in Denmark important national level funding could be organised through Danish Energy
Agency, Public Service Obligation Funds administrated by Energy Net Denmark; Ministry of Science,
Technology and Innovation; and in Finland through Tekes, Academy of Finland, SITRA, etc. Various
Nordic pension funds and venture funds could be considered as well.
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well informed of the Nordic research competencies and hydrogen energy strategy (a
common Nordic strategy + national level strategies). In this way also European and other
international funds can be attracted to Nordic hydrogen energy R&D and demonstrations.
The Nordic actors could also pay an important role in forming the contents of EU’s 7th
framework program so that it allows proper funding of the Nordic niche areas too.
Furthermore, instead of independent ad-hoc educational programmes and information
packages, the Nordic countries could coordinate their efforts and resources for creating
common Nordic educational programmes and information packages that would be
commonly funded.
Creation of new Nordic businesses around the hydrogen energy technology requires financial
input as well. The development of commercially viable new companies could be facilitated
with the help of Nordic venture funding at an early stage (e.g. from Nordic Investment
Bank, Bankinvest, Venture capital of Norsk Hydro + other private funds). International
venture capital should be attracted as well. In particular, there is an opportunity to utilise the
funds specialised in promoting environmentally and ethically sustainable developments.
Marketing the Nordic area as one whole investment area would probably be more successful
(at least from the Nordic point of view) than diverse efforts by the individual Nordic
countries. Nordic assets - such as understanding of environmental externalities, high
education and other cultural benefits, and the possibility to experiment with a diversity of
primary energy sources in extreme climate conditions - could be used as additional tools. It
was considered that there are a number of investors who are willing to invest in promoting
the introduction of hydrogen energy technology if there were more concrete and interesting
investment targets in the Nordic countries. Although the big countries are ahead of the
Nordic countries in the mainstream developments, the Nordic countries could attract
venture capital to their specific niche areas. They could also be attractive because of their
systemic understanding of the hydrogen energy systems and society.
On the other hand, for the new solutions to be competitive in the pre-commercial, early
phase of business various types of subsidiaries and economic incentives (fiscal support,
emission fees, reduced taxes compared to vehicles using conventional technologies, etc.) are
needed when introducing the new solutions to the market. Supporting the use of hydrogen
energy in remote communities, marine applications and other transport and stationary
applications can also be motivated by reasons such as energy self-reliance and environmental
benefits.
Market creation and intervention

The workshop participants pointed out that governments and other public authorities are in a
key position to facilitate the creation of new hydrogen energy related businesses and
commercialisation of their products and services. In order to be able to introduce hydrogen
energy to the Nordic energy market there should be companies, who produce and distribute
hydrogen as well as companies who provide relevant equipment and elements for hydrogen
production, storage, distribution and infrastructure. There should also be companies
providing equipment, systems and services that enable the use of hydrogen energy for
transport, heating and electricity, and consumers who are willing to shift to hydrogen energy
and hydrogen energy applications. It would, however, be unrealistic to assume that hydrogen
energy companies - or energy companies including hydrogen energy in their business
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portfolio - and companies providing the required equipment, systems and services would be
born without any supportive actions. If the Nordic hydrogen energy visions and roadmaps
are to be realised, significant governmental support in the form of public funding of R&D,
demonstrations and early market introduction is needed. This is particularly important in the
Nordic countries where at the moment there are relatively few companies with direct links to
hydrogen energy. Also the Nordic Investment Bank and Nordic venture funds should play a
more active role in facilitating the development of new Nordic hydrogen energy related
business.
A possibility for facilitating the early development of hydrogen energy business would be to
consider a monopoly-type position for early movers in areas where big investments have to
be made to enter the markets. For instance, if the first commercial investor of a hydrogen
distribution system would be guaranteed a 20 years monopoly position, there would probably
be real interest in entering into the market. Additional supportive actions could be in form of
financial and political support to demonstrations (e.g. in form of proper funding,
advantageous demonstration sites and publicity), and public incentives for decentralisation
of the Nordic energy system and the use of renewable primary energy sources. In this way,
for instance, grid companies could be motivated to take the first steps towards hydrogen
energy. Altogether, government engagement in creating proper framework conditions for
creating commercially viable Nordic businesses around hydrogen energy was seen as an
important factor.
It was also recommended that the Nordic countries coordinate their efforts to create a
common Nordic hydrogen energy market and specific Nordic business clusters, being a
forerunner in some selected niche areas. The long tradition of Nordic cooperation could
facilitate the development of common framework conditions and incentives. The specific
Nordic assets such as well-functioning society, high education and clean environment could
make the market area attractive to foreign investments too. The possibility to test various
types of hydrogen energy applications under demanding conditions (winter climate, sparsely
populated and isolated Northern areas, etc.) demonstrate the additional strengths of the
Nordic market area. In particular, Nordic business clusters around the marine and
recreational uses of hydrogen energy should be developed at an early phase, followed by
hydrogen based vehicles for mining/forestry/agricultural uses. A visible Nordic
demonstration project - for example demonstration of a safe and comfortable hydrogen ferry
- could be used as a means for convincing the market in the early phase.
The competitiveness of hydrogen energy in the early market should be ensured in order to
enable its wider introduction later on. Stimulating the use of hydrogen energy with the help
of appropriate environmental regulation, legislation, taxation and subsidies can facilitate
the behaviour of the early market. For instance, the shift towards decentralised energy
production and/or renewable primary energy sources is more likely if the forerunners are
rewarded in form of lower taxes and subsidies and if there are some restrictions for
conventional energy uses. On the other hand, environmental certificates and eco-labels are
needed to advise consumers in their choices between the various energy alternatives. The
same holds for safety and reliability of the applications: people are more willing to shift to
hydrogen energy if they have some evidence that the safety and reliability of the applications
have been adequately tested. Appropriate certification systems should thus be developed not
only for fuels, but also for various vehicles, equipment and services. The Nordic countries
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could play an active role at the forefront in this respect. The same is true for codes and
norms related to hydrogen energy and its various applications.
Government and other public acquisitions can support the early market development and
full commercialisation of hydrogen energy. The public buyers can for instance favour
investments in hydrogen energy and fuel cell based public transportation vehicles (busses,
ferries, trains). They can also favour the use of hydrogen energy and fuel cells in all public
facilities (governmental buildings, schools, hospitals, etc.). The workshop participants noted
that in Japan, for instance, the government buys the services needed by the hydrogen energy
industry. The Nordic countries could follow the same principle. By making the initial moves
towards hydrogen energy the Nordic governments could support the development of the
Nordic hydrogen energy visions and roadmaps in two ways: they could guarantee a sufficient
market already in the pre-commercial phase, and they could also show a good example for
those hesitating with the shift towards hydrogen energy. An important prerequisite is of
course that the early experiences are without problems in safety, reliability and comfort.
International agreements

The Nordic players can also influence various international agreements that are needed for
successfully introducing hydrogen energy to the European and global markets. On the other
hand, these international agreements also define some important framework conditions for
the Nordic developments. Both political agreements (between governments etc.) and
voluntary agreements by industry and the wider development community should be
considered and paid attention to already in the early phase of the transition process.
For instance, common standards and norms are needed for entering the international market
and also for ensuring that the best available technology can be utilised in the Nordic
countries. The same goes for certification systems: certification procedures that are
internationally agreed upon would facilitate the market entrance of new technological
solutions. By being at the frontline of hydrogen energy developments, the Nordic countries
can ensure that their points of view are taken into account when international standards and
norms are developed. Working together the Nordic countries could gain the required mass to
effectively promote their viewpoints and thus guarantee the competitiveness of Nordic
solutions in the international markets. It is of course also important to follow the
developments in European Union and in other parts of the world. To avoid overlapping
work, cooperation between the Nordic countries would be reasonable even in this respect.
The Nordic countries are expected to take an active role in promoting sustainable
developments not only in the Nordic area but also globally. Together they have enough
weight to be able to influence the development of EU directives and other corresponding
agreements. For instance, the Nordic countries could take the first step for including the
traffic sector in the world-wide emission trading system. Furthermore, they could facilitate
the development of norms and regulation for noise pollution. These actions would, in turn,
indirectly support the shift towards hydrogen energy with lower emission and noiseless
applications in traffic, industry and residential uses. Being actively involved in the
development of directives, legislation and agreements the Nordic countries can also best
anticipate their Nordic level impacts.
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Summary of the results

By integrating the results of the Delphi survey with the summary results of the Action
Workshop we can conclude that Nordic actors should take an active role in promoting the
successful introduction of hydrogen energy. In particular, they should be active in
information dissemination and raising awareness, in intensifying relevant R&D efforts, in
constructing relevant strategies and policies, in developing proper financial instruments for
the transition phase, in designing suitable ways of early market creation and intervention,
and in participating in the development of wider international agreements. In this way they
can best ensure that the long-term investments in hydrogen energy technology will
contribute to common welfare in form of more sustainable energy systems and new
profitable businesses.
The workshop participants’ messages for the Nordic actors are summarised in Table 2.
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Table 2 Actions needed to realize the Nordic hydrogen energy visions and roadmaps.
Summary of the workshop results
Actions needed

Level of action

Nordic, EU
Information and Presenting clear facts on
hydrogen
energy
technology
and
raising awareness its long-term impacts on
economy, environment and
society (incl. comparisons to
other energy alternatives)

Research and
development
work

policies

Independent Nordic research groups
with relevant expertise, distribution
through public authorities
/democratic system?

Compiling and communicating
Nordic, national
convincing and informative ‘true
stories’ on hydrogen energy &
society

Multi-disciplinary task forces (incl.
foresight experts and other
‘generalists’)?

Early Nordic demonstrations that Nordic, national, EU
are interesting and visible

Companies, research institutes,
municipalities

Show-cases for schools &
education

Nordic, national

Universities and other educational
institutes

Multifaceted technology
assessment and cost-benefit
analyses

Nordic, EU

Multi-disciplinary research groups,
TA-experts

Intensifying R&D in potential
Nordic niche areas, starting a
Nordic lighthouse project

Nordic, national, EU

Nordic research institutes , together
with Nordic companies

Facilitating problem-oriented
research that crosses traditional
disciplinary boundaries

Nordic, national, EU

Universities, research institutes,
funding organisations

Nordic

Nordic universities, research
institutes, companies

Nordic

Funding organizations, together with
the respective ministries and
research organizations

Creating Nordic networks of
excellence

Strategies and

Important actors

Nordic R&D programmes (to
generate added value to EU
programmes)

Prioritizing early Nordic niche
Nordic, national
areas in R&D resource allocation
Supporting cooperation between
research and industry

Nordic, national, EU

Funding organizations, together with
the respective ministries and
research organizations
Funding organizations, research
communities, industry

Coordinating the efforts between Nordic, national
various ministries

Ministries

Defining clear objectives with
concrete arguments

Nordic, national

Policy makers and strategists
supported by relevant expertise

Developing regulative
instruments for the transition
phase

Nordic, national, EU

Policy makers and strategists
supported by relevant expertise

Inclusion of hydrogen energy
developments in the Nordic
environmental policies

Nordic, national

Nordic council of ministers,
respective ministries in the Nordic
countries
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Obtaining
financial support
in transition
phase

Market creation
and intervention

International
agreements
(political and
voluntary)
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Appropriate Nordic funding for
relevant basic and applied
research (increasing the level of
funding esp. for Nordic niche
areas)

Nordic, national

Nordic funding organizations

Developing new types of public
financing instruments for long
term industrial R&D

Nordic, national

Funding organizations, together with
industry & research institutes

Jointly funded Nordic
educational programmes and
information packages

Nordic, national

NCM-Education and Research,
together with NCM-Energy & NCMEnvironment

Effective harnessing of Nordic
and international venture capital
for creating new hydrogenrelated businesses

Nordic, national

Private & public funding
organizations, companies

Subsidiaries and economic
incentives (emission fees, tax
reductions, etc.)

Nordic, national, EU

NCM-Environment, Transport,
Trade & Industry, etc. together with
national level authorities

Considering a fixed-term
monopoly-type position for
companies making big initial
investments in the new
technology

National, Nordic

Politicians

Developing incentives for
decentralized energy systems
and the use of renewable energy
sources (env. regulation,
taxation, subsidies, etc.)

Nordic, national

Responsible ministries, NCM

Creating a common Nordic
hydrogen energy market and
specific Nordic business clusters

Nordic, national

Nordic-level policy actors, together
with industrial & national-level
actors

Developing appropriate
certification systems for
hydrogen (incl. fuelling,
vehicles, equipment and
services)

Nordic, national, EU

Standardisation & certification
organizations

Public procurement of hydrogen National
applications and services (e.g.
for public transportation,
governmental buildings, schools,
hospitals)

Actors responsible for public
procurement

Taking an active role in
development of international
codes and norms

Nordic, EU

Nordic companies & research
institutes, together with Nordic
standardization & certification
organizations

Active participation in the
development of EU directives
and corresponding international
agreements

EU

Nordic politicians & officials
responsible for EU & other
international agreements, with the
help of relevant expertise

Anticipating the Nordic level
impacts of international
agreements

Nordic, national

Experts and analysts, by consulting
politicians and officials with relevant
information

4 Actions to be considered at Nordic, national and
European level
As discussed in the previous chapter, there are a number of challenges that must be dealt
with when introducing hydrogen energy to the Nordic energy market. Among the cross
cutting, generic challenges taken up by the Action Workshop participants are the following:
•

Developing cheaper, safer and more efficient technology

•

Successful commercialization of hydrogen energy

•

Recognition of Nordic business opportunities

•

Ensuring sufficient and secure hydrogen supply for those adopting the new
technology

•

Investing in proper infrastructure at an early enough stage

•

Understanding the long-term environmental impacts of hydrogen energy compared
to other energy alternatives

•

Increasing knowledge amongst and drawing attention from political and industrial
decision-makers, as well as the wider public

•

Supporting long-term, systemic/holistic thinking

•

Creating proper incentives for facilitating the adoption of the new technology

In addition, there are a number of more specific challenges in the areas of hydrogen
production and distribution, use in transport and stationary use of hydrogen.
The workshop participants also identified various types of actions to be taken in order to be
able to successfully introduce hydrogen energy to the Nordic energy market and to exploit
the business opportunities provided to the Nordic actors. Furthermore, it was suggested that
taking an active role in promoting the successful introduction of hydrogen energy would
be advantageous from the Nordic actors’ viewpoint. In particular, the key Nordic actors
should be active in information dissemination and raising awareness, in intensifying relevant
R&D efforts, in constructing relevant strategies and policies, in developing proper financial
instruments for the transition phase, in designing suitable ways of early market creation and
intervention, and in participating in the development of wider international agreements. In
this way they can best ensure that the long-term investments in hydrogen energy technology
will contribute to common welfare in the form of more sustainable energy systems and new
profitable businesses.
In order to be able to raise awareness and disseminate information among political and
industrial decision makers, and among the wider public, the following actions are seen to be
important:
•

Presenting clear facts on hydrogen energy technology and its long-term impacts on
economy, environment and society (incl. comparisons to other energy alternatives).
Work done by independent Nordic research groups - in the form of Nordic and
European co-operation - is particularly valuable in this respect. On the other hand,
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information should be distributed through public authorities, covering the entire
democratic system.
•

Compiling and communicating convincing and informative ‘true stories’ on
hydrogen energy & society. This type of work can be best carried out at Nordic and
national level by multi-disciplinary task forces with generalists and foresight
experts.

•

Realizing early Nordic demonstrations that are interesting, visible and widely
obtainable. For the purpose, co-operation between companies, research institutes
and municipalities is needed at Nordic, national and EU level.

•

Providing interesting showcases for schools & education. Universities and other
educational institutes should take an active role in producing common Nordic
material available in every widely spoken language in the Nordic countries.

Correspondingly, it would be advantageous to coordinate the Nordic efforts in the research
and development (R&D) in order to promote the introduction of hydrogen energy
technologies and to fully exploit their potential benefits. Among the most important actions
are the following:
•

Intensifying R&D in potential Nordic niche areas and initiating a visible Nordic
lighthouse project. Nordic companies and research institutes are in key position
when defining appropriate R&D priorities and demonstration projects.

•

Facilitating problem-oriented research that crosses traditional disciplinary
boundaries. Universities, research institutes and funding organizations in the Nordic
countries should support cross-disciplinary approaches and international networking
that promote problem solving in important areas of hydrogen energy technologies
and their various applications.

•

Creating Nordic networks of excellence. Nordic universities and research institutes,
together with the Nordic companies active in developing hydrogen energy
technologies and their applications, should create Nordic networks of excellence
that support the development of important Nordic niche areas by pooling together
front-line knowledge and expertise and by providing them an opportunity discuss
and further develop ideas.

•

Carrying out adequate and multifaceted technology assessment studies and costbenefit analyses on the impacts of hydrogen energy. The work can be done by
Nordic and European cooperation involving multidisciplinary research groups and
TA experts.

On the other hand, we cannot expect the realisation of the Nordic hydrogen energy visions
and roadmaps without conscious construction of relevant strategies and policies at national,
Nordic and industry level. In particular, the following issues should be included in the
strategies and policies:
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•

Initiating Nordic R&D programmes that generate added value to the current and
planned EU programmes on hydrogen energy/hydrogen society. Nordic funding
organizations, together with the respective ministries and research organizations
should be active in this respect.

•

Prioritizing early Nordic niche areas in R&D resource allocation at Nordic and
national level. Nordic funding organizations, ministries and research organizations
should be the key actors here.

•

Supporting cooperation between research and industry at Nordic, national and
European level. Funding organizations, research communities and the industry of
the Nordic countries can all contribute to this end.

•

Coordinating the efforts between the various ministries and other authorities
responsible for research, education, transport, energy, environment, industry and
trade. Coordination is needed at both national and Nordic level.

•

Defining clear Nordic and national level objectives with concrete arguments in
business and policy terms. Policy makers and actors responsible for industrial
strategies are in a key position to express their will. Formulation of concrete
objectives should, however, be supported by relevant expertise on hydrogen energy
and its potential impacts and applications.

•

Developing regulative instruments for the transition phase at Nordic, national and
European level. Policy makers and industrial strategists supported by relevant
experts and analysts should play an active role here.

•

Inclusion of hydrogen energy developments in Nordic environmental policies. The
Nordic Council of Ministers, together with the respective ministries in the Nordic
countries, should take the initiative for this at Nordic and national level.

Some specific financial instruments that support the technological developments in the
transition phase are needed as well. In particular, the Nordic countries should consider the
following issues:
•

Appropriate Nordic funding for relevant basic and applied research (increasing the
level of funding esp. for Nordic niche areas). Development of new types of public
financing instruments for long-term industrial R&D should be considered as well.
The Nordic funding organizations should align their activities accordingly.

•

Jointly funded Nordic educational programmes and information packages. Nordic
Council of Ministers in Education and Research, together with NCM Energy and
NCM Environment should play a key role here.
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•

Effective harnessing of Nordic and international venture capital for creating new
hydrogen-related businesses. Nordic funding organizations should cooperate in this
respect with Nordic companies developing feasible solutions for the hydrogen
society.

Even if clear blueprints outlining a hydrogen society were available it is difficult to start new
businesses based on the new technology without any market intervention that supports the
sustainable developments. The Nordic actors at least should consider the following tools:
•

A fixed-term monopoly-type position for companies making big initial investments
in the new technology. Nordic and national-level politicians should pay attention to
this requirement, assisted by expertise in the relevant fields.

•

Developing incentives for decentralized energy systems and the use of renewable
energy sources. For instance, subsidiaries and economic incentives (emission fees,
tax reductions, etc.) that support the adoption of hydrogen energy technology should
be considered at Nordic and national level. NCMs on Environment, Transport,
Trade and Industry, together with national level authorities are the key actors here.

•

Creating a common Nordic hydrogen energy market and specific Nordic business
clusters. Nordic-level policy actors, together with industrial and national-level
organizations should take an active role in this respect.

•

Developing appropriate certification systems for hydrogen (incl. fuelling, vehicles,
equipment and services). Nordic standardization and certification organizations
should play an active role in this at Nordic, national and European level.

•

Public procurement of hydrogen applications and services (e.g. for public
transportation, governmental buildings, schools, hospitals). Actors responsible for
public procurement in each Nordic country should be well informed and equipped
for the purpose (includes even political legitimization for the purpose).

Last but not least, the Nordic actors should actively contribute to the development of
international agreements in political and voluntary arenas:
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•

Taking an active role in development of international codes and norms. Nordic
companies and research organizations, together with Nordic standardization and
certification organizations, should coordinate their efforts to increase the weight of
Nordic viewpoints in European and international negotiations on standards, codes
and norms.

•

Active participation in the development of EU directives and corresponding
international agreements. For example, the Nordic countries could take the first step
for including the traffic sector in the world-wide emission trading system. For this
purpose, politicians and officials responsible for EU and other international affairs

in the Nordic countries should be well informed about hydrogen energy and its
potential impacts. Assistance by Nordic experts on relevant fields is needed.
•

Anticipating the Nordic level impacts of international agreements. Nordic actors
should actively follow the development of international agreements and their
potential influence with regard to the introduction of hydrogen energy into the
Nordic energy market and the development of hydrogen-based Nordic businesses.
Nordic experts and analysts should cooperate with politicians and officials with
relevant information in order to cover all relevant aspects.

The Nordic actions should not however, be isolated from wider international developments.
Reflections against European level initiatives, activities and statements are needed in order to
proceed in the front line (for relevant European level work see e.g. HyNet, 2004 and
Naumanen et al, 2004). The national level initiatives and statements should be examined and
coordinated with the Nordic level work as well. There are already significant Nordic
competencies in the field of hydrogen energy (see e.g. Copper, 2004). After the Action
Workshop miscellaneous hydrogen activities and events have also taken place in the Nordic
countries. Without coherent Nordic cooperation their role and meaning may remain vague,
however. Sharing the above recommendations with a wider public (for instance in the form
of a Nordic Conference) is important for developing the required critical mass, commitment
and robust Nordic strategies.
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Appendix 1

Action Workshop - List of participants
name

position

institution

country

Per Dannemand
Andersen

Head of Research Programme

Rise National Laboratory

Denmark

Birte Holst
Jergensen

Senior Scientist

Denmark

Jan K. Jensen

Vice President

Rise National Laboratory
Danish Gas Technology
Centre

Allan Schroeder
Pedersen

Deputy Head

Rise National Laboratory,
Materials Research Dept. Denmark

Peter Simonsen

Project Manager

ENERGI E2 A/S

Denmark

Mikael Sloth

Development Director

Denmark

Lars Strunge

Senior Advisory Officer

H2 Logic
Danish Society of
Engineers IDA

Annele Eerola

Senior Research Scientist

VTT Technology Studies

Finland

Erkko Fontell
Seppo
Kangaspunta

Development Manager

Finland

Project Manager

Wartsila Corporation
Ministry of Trade and
Industry

Pekka Knuuttila

Project Manager

Fortum Oil and Gas

Finland

Tiina Koljonen

Research Scientist

VTT Processes

Finland

Juhani Laurikko

Senior Research Scientist

VTT Processes

Finland

Torsti Loikkanen

Research Manager

VTT Technology Studies

Finland

Mika Naumanen

Senior Research Scientist

VTT Technology Studies

Finland

Esa Pursiheimo

Research Scientist

VTT Processes

Finland

Mari Rantanen

Researcher

VTT Technology Studies

Finland

Rolf Rosenberg

Group Manager

Finland

Sami Tuhkanen

Senior Technology Adviser

VTT Processes
Tekes - the National
Technology Agency

Erja Vayrynen

Researcher

VTT Technology Studies

Finland

Maria Maack

Environmental Manager

Iceland

Bjorn Gaudernack

Senior Scientist

University of Iceland
Norwegian Hydrogen
Forum

Norway

Kaare Gether

PhD cand.

NTNU

Norway

Per 0. Hjerpaasen

Director

Nordic Energy Research

Norway

Helle Mostad

Director Hydrogen Research and
Technology
Hydro ASA

Norway

Head, Dept. of Technology and
Acquisition Strategy

FOI Swedish Defence
Research Agency

Sweden

Environmental Controller

H2-forum

Sweden

Group R&D Controller

Vattenfall AB

Sweden

Anders Eriksson
Karin von
Kronhelm
Hans Ristborg
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Denmark

Denmark

Finland

Finland
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Nordic
Action Workshop , March 25-26, 2004
Innopoli 2, Tekniikantie 14
Espoo, Finland
Thursday 25 March 2004, Edison 2 meeting room

Chair: Torsti Loikkanen, VTT Technology Studies
12.00-13.00

Registration and lunch buffet

13.00-13.20

Welcome

(served outside the meeting room)
by Research Manager Torsti Loikkanen,
VTT Technology Studies &
Development Manager Erkko Fontell,
Wartsila, Corporate Technology (industry greeting)
13.20-13.40

Nordic
Energy Foresight:
Objectives and earlier steps

by Senior Research Scientist Annele Eerola,
VTT Technology Studies
13.40-14.00

From workshops and models to new insights

by Research Manager Torsti Loikkanen,
VTT Technology Studies,
Research Scientists Tiina Koljonen & Esa Pursiheimo,
VTT Processes
14.00 - 14.20

Objectives of the action workshop and
introduction to group work

by Senior Research Scientist Annele Eerola,
VTT Technology Studies
14.20-16.30
coffee and tea available outside the group
session rooms

Actions needed to lower the barriers and to
facilitate the developments

WG1: Research & education (room: Otso)
WG2: Industry & business (room: Kontio)
WG3: Public policy, financing & society (Edison 2)

16.30-16.45

Gathering together for bus transportation to Helsinki
University of Technology

17.00-18.00

Visit to the Laboratory of Advanced Energy
Systems, Helsinki University of Technology

(address: Rakentajanaukio 2 C, Otaniemi, Espoo)
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Friday 26 March 2004, Edison 2 meeting room

Chair: Annele Eerola, VTT Technology Studies
8.30 - 9.30

Summaries of the group work sessions

WG1: Research & education
WG2: Industry & business
WG3: Public policy, financing & society
by WG rapporteurs
9.30 -10.00

Discussion across the working group themes:

-

important messages for the Nordic
roadmaps of hydrogen production &
distribution, transport and stationary use
- the role of portable uses of H2/FC systems
in realising the roadmaps
facilitated by Torsti Loikkanen,
VTT Technology Studies
10.00 - 10.20

Coffee and tea served outside the meeting room

10.20 - 11.20

Group discussion on actions needed at national,
Nordic & EU levels (Nordic perspective with

reflection to national and EU levels)
WG1: Research & education (room: Otso)
WG2: Industry & business (room: Kontio)
WG3: Public policy, financing & society (Edison 2)
11.20 - 11.40

Brief messages from group discussions

11.40 - 12.00

Final thoughts and next steps of the project

by Torsti Loikkanen, VTT Technology Studies &
Per Dannemand Andersen, Riso National
Laboratory
12.00 - 13.00

Lunch buffet (served outside the meeting room)

13.00 - 15.00

Laboratory visit / project presentations

Fuel cell research at VTT,
Group Manager Rolf Rosenberg, VTT Processes
Fuel cell development at Wartsila,
Development Manager Erkko Fontell, Wartsila
Hydrogen production by gasification,
Group Manager Esa Kurkela, VTT Processes
(address: Biologinkuja 5, Espoo, Otaniemi)
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Action Workshop: Objectives, tasks and work procedures
The Action Workshop was organised to discuss the actions needed to successfully
introduce hydrogen energy to the Nordic energy market and to utilise the Nordic
business opportunities provided by hydrogen technology applications and the required
infrastructure. In order to focus on relevant questions, it was seen important to start with
a comprehensive picture of the challenges that must be adequately faced. The purpose
was to gather the viewpoints of the various actor groups - research, industry and
government - in the five Nordic countries (see Etzkowitch & Leydersdorf, 2000;
Etzkowitch, 2002), taking into account all-important dimensions of the problem.
In total, 28 Nordic experts representing research, industry, government and relevant
associations participated in the Action Workshop (a full list of participants is presented
in Appendix 1). The intermediate results of the earlier steps of the project (scenarios,
visions, technology roadmaps, lists of carriers and barriers, and a tentative model of the
Nordic hydrogen energy system) were used as background information that was
delivered to the participants around a week before the workshop. Some information on
the importance of various energy sources in the five Nordic countries was included in
the 12-page background paper as well.
In the workshop the task ofparticipants was to develop a comprehensive view ofthe
challenges faced and the actions needed to realise the stated visions and roadmaps. Wellgrounded suggestions and ingredients for a Nordic action plan were explored, reflecting
the viewpoints against the background of national and EU-level developments as well.
Rather than striving for a consensus view, the participants were encouraged to explore
the full scope of ideas of and arguments for actions that are relevant in the context.
The background paper listed three key questions to stimulate the group work and
discussions at the workshop:
What are the actions needed if the Nordic countries are to introduce hydrogen as
a significant energy source by 2030?
How should hydrogen energy be introduced into the Nordic energy market in
order to obtain the greatest benefits?
How can the Nordic countries exploit the market and business opportunities
provided by the introduction of hydrogen energy?
The workshop consisted of a general introduction and instructions, two group work
sessions (Thursday afternoon and Friday morning), and a concluding session where the
important messages were summarized. Between the sessions the group work results were
reported to all workshop participants. The group work and discussions were pre
structured and carefully documented. The secretaries and reporters were nominated in
advance.
For the group work, participants were divided in three groups according to their interests
and background. The first group focused on the action needs from the viewpoint of
research and education, the second group focused on actions relevant to industries and
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business, the third group took the viewpoint ofpublic policy, financing and society. A
professional facilitator led each group.
The first group work session concentrated in identifying the important challenges and
actions without further specification of the most relevant actors and arenas to promote
the desired developments. First, ‘techno-economic’, ‘infrastructural and geographic’,
‘ecological and environmental’, and ‘socio-cultural and political’ challenges in the areas
of 1) hydrogen production and distribution, 2) hydrogen use in transport, and 3)
stationary use of hydrogen were identified. After listing the challenges, the needs for
action were discussed and documented. In particular, the participants were asked to
recommend relevant actions in their specific focus fields (research and education,
industries and business, public policy, financing and society), so that the perceived
barriers could be overcome and the desired developments facilitated. The exercise
resulted in three matrix presentations where the three application areas formed the rows,
and the four dimensions together with the actions needed formed the columns.
During the second day, the same three groups continued their work by discussing the
most relevant actors and arenas. In particular, the participants were encouraged to think
about the issue from a Nordic perspective. Explicit reflections to national and EU levels
were expected as well. In the concluding plenary discussion the important messages for
realising the desired paths of development in the areas of hydrogen production and
distribution, hydrogen use in transport and stationary use of hydrogen were summarised.
The examination of the role of portable uses of hydrogen and fuel cells in realising the
roadmaps was left to the project core group as it was not possible to adequately handle
this question during the workshop.
The Action Workshop provided a forum to exchange ideas between experts from
various countries and actor groups. Process facilitation and pre-structured tasks were
additional tools that were used to support the dynamic process of shared knowledge
creation (Eerola et al, 2004). In particular, the expected contribution of the Action
Workshop was to:
■
■
■

■
■

■

6
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Gather and externalise expert knowledge on challenges faced and actions
needed
organise the expert knowledge in a systematic way
cover the important areas of the value chain and application areas (hydrogen
production and distribution, hydrogen use in transport, stationary use of
hydrogen)6
ensure that the views of various key-actors (industry, research community,
government) are paid attention to
ensure that the various dimensions of the developments (techno-economic,
infrastructural & geographical, ecological & environmental, socio-cultural &
political) are paid attention to
examine the relevance of the various levels of action (national, Nordic and
European level)

Some reflection on the role of portable applications was expected as well, but it was decided to leave the
further examination of this question for the project core group.

Appendix 2.5
After the Action Workshop the project core group constructed a small-scale Delphi-type
questionnaire for checking or verifying some specific information on important issues
with considerable uncertainties. The Delphi-like questionnaire was primarily
constructed to gather expert views that would contribute to the refinement ofthe
technology roadmaps and systems analysis calculations ofthe Nordic H2 Energy
Foresight project, but it also includes sections where the respondents’ viewpoints on the
most important actions were considered (the categories of action alternatives were
constructed on the basis ofthe Action Workshop results). The questionnaire was
distributed to the project partners in September-October 2004. In total, 16 experts
returned a completed questionnaire to the project coordinator (incl. one response from
the WHEC conference). The questionnaire together with the summary results is
presented in Appendix 3.
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Nordic

Energy Foresight

Future Hydrogen and Fuel Cell Technologies
Delphi Questionnaire
This questionnaire is part of the project: "Nordic Hydrogen Energy
The project is carried out by Riso National Laboratory in Denmark,
VTT - Technical Research Centre of Finland, Swedish Defence Agency, and
University of Iceland in close co-operation with 12 other project partners ranging
from industry, energy companies, and academia in the five Nordic countries and
co-financed by the Nordic Innovation Centre and Nordic Energy Research
Programme.
Foresight".

In the first phases of the project, we have established some long-term external
scenarios for the introduction of hydrogen in the Nordic energy systems and
developed the first set of technical visions and roadmaps for production,
transport and stationary use of hydrogen. Furthermore, we have done some
preliminary systems analysis of the investment costs for the various scenarios as
well as emission reduction. This Delphi questionnaire is sent to all persons
involved during the project and is intended to contribute to the refinement of the
roadmaps and systems analysis calculations.
If you add your e-mail address, we will e-mail you the results of this survey as
soon as they have been processed. This information will not be transferred or
sold to other organisations.
Please fill in the questionnaire and post, fax or e-mail it before September 17- to:
Heidi Andersen
Riso National Laboratory, SYS-110
P.O. Box 49,
DK-4000 Roskilde, Denmark
Fax: +45 4677 5199
E mail: heidi.andersen@risoe.dk
Thanking you in anticipation
Per Dannemand Andersen and Birte Holst Jorgensen
Project leaders
For further information on the project, please visit:

www.h2foresight.info
Nordic Energy Research
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Hydrogen used as an energy carrier constitutes 5% of the
global energy system
Hydrogen used as an energy carrier constitutes 20% of the
global energy system
Methanol (or similar hydrogen rich fuels) from renewable
sources win over hydrogen as energy carrier in the global
energy system
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primary source for hydrogen
First shipment of liquid hydrogen produced by renewable
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established as energy buffer for fluctuating energy sources
(i.e., wind energy.)
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11 10% of all new auxiliary power units based on fuel cells
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19 Integrated high temperature fuel cells in combined cycle
power plants with electrical efficiencies of 70% are on the
market
20 Equipment costs of low temperature fuel cell systems are
reduced to 10% of the 2004 level
21 Equipment costs of high temperature fuel cell systems are
reduced to 10% of the 2004 level
22 Equipment costs of electrolyses are reduced to 20% of the
2004 level
23 Equipment costs of hydrogen filling stations are reduced to
50% of the 2004 level
24 Equipment costs of hydrogen infrastructure (pipelines) have
reduced to 50% of the 2004 level
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Your country of work: Sweden (2), Germany (1), Iceland (2), Finland (3), Greenland (1), Belgium (1), Austria (1), Denmark (3); Nordic (1); Norway (2), US (1)*
*) Two of the respondents informed that they were working in two different countries

Please indicate the organisational affiliation that best describes your occupation:
O Industry 5
O University or other research organisation 7
O Consultancy or self-employed 1
O Public authority 2
O Financial sector
O Interest association, NGO, etc.
O Other, please specify: 1 (R&D industry)
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In summary: The Delphi questionnaire consisted of 24 statements about the future hydrogen energy and fuel cell technologies. 8 statements were related to the

production and distribution/transmission of hydrogen, the next 3 statements to the stationary use of hydrogen energy, the following 6 statements to transport applications,
and the last 7 statements to the costs of the new technologies. In particular, the respondents were asked to estimate the period in which the statement will first occur,
region leading market development today, most important actors over the next 10 years to promote the statement, and policy measures over the next 5 years to promote
the statement. A summary of the responses is presented in Appendix 3.
In total 16 project partners with some expertise in the area of hydrogen energy returned a completed Delphi form. All five Nordic countries (Denmark, Finland, Iceland,
Norway, Sweden) were represented by the respondents. Five of the respondents worked in industry, seven in universities and research institutes, two respondents
represented public authorities, one was a self-employed consultant, and one was working for R&D industry.
In particular, the results concerning the important actors and policy measures (the information on the two right-hand-side sections of the Delphi questionnaire) are of
interest here. It should, however, be kept in mind that the statements do not cover all relevant aspects of the value chain. Instead, only those aspects of hydrogen
production, distribution, storage and use that contain significant uncertainties are considered in the questionnaire. Still, some interesting conclusions can be drawn. For
instance: according to the respondents, the role of government is very important when introducing hydrogen energy to the global energy system and in enhancing the
use of renewable energy for hydrogen production. Governments are also seen to play an important role in building up the required large-scale distribution and storage
systems for hydrogen, as well as in enhancing the use of hydrogen in transport applications. (For example, more than 67% of the respondents pointed out governments
as important actors to realise the statements 1, 4, 12, 14 & 15. In addition, at least 50% of the respondents selected governments as important actors to realise the
statements 2, 6, 7, 8, 16).
On the other hand, the respondents suggest that the role of equipment industry is particularly important in lowering the costs of hydrogen energy technology (incl. costs
due to storage losses) and in increasing the efficiency and durability of hydrogen-based equipment. Furthermore, the adoption of stationary and transport applications
depends on the actions by the equipment industry during the next 10 years. (For example, more than 67% of the respondents mentioned equipment industry as an
important actor to realize the statements 11, 13-15 and 18-24. In addition, at least 50% of the respondents considered equipment industry as an important actor for
realizing the statements 8-10, 12, and 16-17; i.e. for each statement 8-24 the role of equipment industry was considered important by at least half of the respondents.)
The respondents also suggest that some important contribution by research institutions is still needed to decrease the storage losses ofpressurized hydrogen and to
increase the durability and efficiency of low temperature fuel cells, and the efficiency of high temperature fuel cells as well (at least 50% of the respondents mentioned
research institutes as important actors to realize the statements 8 and 18, and more than 40% considered this for the statement 19). Some research input is apparently
needed in some other areas too (see for example responses to statements 1, 17, 20-21). The respondents also suggest that energy providers’ (or utilities’) contribution is
needed in order to increase the share of hydrogen energy and renewable energy sources to considerable levels in the global energy system, as well as for developing
large-scale hydrogen storage facilities as bufferfor wind energy and other fluctuating energy sources (more than 50% of the respondents considered energy providers
as important actors to realize the statements 2, 4 and 7). In addition, energy providers are expected to contribute to construction of hydrogen pipelines from natural gas
fields to major energy markets and in introducing natural gas-basedfuel cells for heat and power plants.
Public support to R&D and demonstrations were regarded by the respondents as most important policy measures for promoting the introduction and adoption of
hydrogen energy technology over the next 5 years. In particular, support to R&D is needed to lower the costs and increase the durability and efficiency of fuel cells and
other the technological solutions of hydrogen energy. R&D support is needed for developing solid state storage of hydrogen for private transport as well. (More than 67%
of the respondents considered public R&D support important to realize the statements 18 and 20. In addition, public more than 50% that R&D support is needed for
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realization of the statements 17, 19, 21 and 22.) On the other hand, the market penetration of hydrogen as an energy carrier, the use of renewable energy sources and
adoption of hydrogen-based stationary and transport applications is suggested to depend on public support for demonstration projects. (More than 67% of the
respondents rated demonstration support important to realize the statement 1. In addition, at least 50% of the respondents pointed this out for realizing the statements 2, 5,
7, 9, 10, 12, 14 and 23.) Stimulation of early markets was, in turn, considered to aid market penetration of hydrogen energy, use of renewable energy sources and
adoption of hydrogen-based stationary and transport applications (at least 50% of the respondents considered early market stimulation important to realize the statements
1,4, 9-11 and 12-15), whereas taxation and regulation was mentioned as an appropriate policy tool for supporting the introduction of hydrogen energy and the use of
renewable energy sources especially in transport ( at least 50% of the respondents mentioned taxation and regulation among the policy tools facilitating the realization of
statements 1,2,4,12,14 and15).
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Nordic Hydrogen Energy Foresight

The Nordic Hydrogen Energy Foresight is co-financed by the Nordic Energy
Research and the Nordic Innovation Centre, which operate under the auspices of the
Nordic Council of Ministers. The Nordic Energy Research and Nordic Innovation
Centre initiate and finance research and development projects and activities that
create synergy between the actors in the Nordic research and innovation system. The
project aims to contribute to the competitiveness of the Nordic business sector and to
facilitate sustainable development through the creation of a Nordic knowledge
market.
Nordic Hydrogen Energy Foresight is a strategic project, involving 16 organisations
from the five Nordic countries, focusing on the prospects for moving towards a
hydrogen economy within the next 20-30 years. The overall intention is to find long
term and promising ways for Nordic stakeholders of exploiting hydrogen
technologies in the drive to meet the 3E's: energy security, environmental protection
and economic growth.
Project partners

Denmark: Riso, Energi E2, DGC, IRD Fuel Cells, IDA
Finland: VTT, Wartsila, ABB, Fortum
Iceland: University of Iceland
Norway: NTNU, Norsk Hydro
Sweden: FOI, AGA, Vattenfall, H2 Forum
www.h2foresight.info
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