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Executive Summary

Introduction

AEA Energy & Environment was commissioned by the Department for Transport to identify the
economic and institutional barriers to the widespread uptake of hydrogen for transport applications,
and to investigate how they can be overcome. This work was part of the Horizons programme which
was launched by DfT in 2003 to investigate how significant changes in society, environment or
technology might affect the policy and operational objectives of the Department. The latest (third) call
of the Horizons programme is funding five research projects (including this study) investigating various
aspects related to the infrastructure requirements of hydrogen-fuelled transport.

Research methodology

The study employed three primary research methods:

A review of recent literature pertaining to hydrogen as a transport fuel and of low-carbon
technologies, more generally;

Interviews with stakeholders to gain their perspectives on the barriers to a hydrogen transport
system and the mechanisms needed to overcome those barriers; and

Case studies of three areas of the world where hydrogen vehicles and infrastructure are further
along in the development process than they are in the UK.

A large number of documents were reviewed, including academic journal articles, reports from UK and
European projects relating to hydrogen, documents relating to other alternative fuels (e.g. liquefied
petroleum gas (LPG), ethanol, etc) and information published by stakeholders in this field. Although
the majority of the literature review was conducted at the beginning of the project, work continued in
order to keep up-to-date with more recent documents.

The second stage of this project focussed on interviewing stakeholders both within the UK and abroad
regarding their work on hydrogen development. In total, 27 stakeholders were interviewed during the
course of the project either in person, over the telephone, or via email. Stakeholders were chosen to
ensure that a representative was spoken to from each of the key areas (government, academia,
industry, etc) in the UK and from key countries where there is a significant amount of ongoing
hydrogen research.

The literature review and the stakeholder interviews provided a large amount of information on
hydrogen development and projects around the world. To gain a more in-depth understanding of some
of these projects, the study team researched three case studies focussing on Germany, Japan, and
California. The findings from the case studies, interviews, and literature review were then assessed in
the UK context in order to make recommendations on how the UK might develop its hydrogen
programme and learn from the experiences in other countries.

Findings

Barriers to the introduction of hydrogen infrastruc ture to support transport
applications

This study has indicated that there are a number of institutional and economic barriers to the
widespread introduction of hydrogen infrastructure to support transport applications. These barriers
include the following:

Lack of immediate CO, reductions associated with using hydrogen for transport applications;
Investment in hydrogen infrastructure vs investment in hydrogen vehicle technology;
Technical and cost barriers associated with hydrogen infrastructure;

Technical and cost barriers associated with hydrogen vehicles;

Lack of a sufficiently clear policy framework for hydrogen in the UK;
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Lack of public awareness/understanding;

The phenomenon of “technological lock-in” means that the incumbent fossil fuel energy
infrastructure will retain an economic advantage over hydrogen;

Absence of codes and standards for hydrogen

Potential mechanisms that could be used to overcome the barriers

The study has also identified that a number of potential mechanisms are available that could be used
to help overcome some of the barriers listed above. The mechanisms that could be used include
those set out in the following list:

Policy signals and co-ordination;

Education;

Research and Development (R&D) to improve vehicle technology;

R&D to improve hydrogen production, distribution, and storage technologies;
More and better demonstration projects;

Planning the locations of hydrogen refuelling infrastructure;

Financial supporting mechanisms;

Codes and standards relating to the use of hydrogen;

Review of current approaches to supporting hydrogen in the UK and abroad

A detailed review of the policy framework for hydrogen and the measures that support the
development, demonstration and deployment of hydrogen technologies in the UK, Germany, Japan,
and California was carried out. The findings from this review were as follows:

In the UK, the motivation behind supporting hydrogen research is the future potential for
significant reductions in carbon emissions.

Current support for hydrogen in the UK is included in packages of measures that target
research, development and demonstration activities focused on low carbon energy
technologies. For the most part, support for hydrogen is not ring-fenced, and the Government
has taken a “technology-neutral” stance to reducing carbon emissions.

There are a number of current and proposed demonstration projects across the UK, including
projects in London, Wales, the North East of England, and Scotland.

Japan has set a clear framework for hydrogen development with well-defined targets for
demonstration and deployment. By examining all aspects of hydrogen use, the administration
has been able to revise the relevant codes and standards. This will help facilitate the smooth
introduction of hydrogen in mobile or stationary applications into Japanese society.

Germany has conducted a number of successful demonstration projects and looks set to
undertake Europe’s largest demonstration with the expansion of the Clean Energy Partnership
in Berlin. The key to the success of the German projects has been the industry/government
collaborations.

In California, the Fuel Cell Partnership, in addition to facilitating demonstrations, has helped
raise the profile of hydrogen-fuelled transport across the state, which has been boosted
significantly by the pro-active stance of Governor Schwarzenegger.

The role of industry, in particular the research arms of the car manufacturing industries in
Japan, Germany and the US has been particularly significant. Germany’s plans also
capitalise on its industrial activities to make use of the vast quantities of hydrogen which are a
by-product of the chemical industry highlight another area where industry is influential in the
development of hydrogen for transport. The various approaches taken by these three
countries appear to play to the relative strengths of their economies.

The level of funding and support available in the UK is lower and more fragmented than in
other countries.
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The review of experiences from other countries has indicated that the following measures may
be important in overcoming economic and institutional barriers in the UK:
Developing a clearer, long-term national strategy for hydrogen can enable industry to
make long-term investments in this technology;
Encouraging public-private partnerships is very important in ensuring that demonstration
projects are successful;
Strong, national-level co-ordination of research, development, and demonstration
activities is essential to maximise learning and efficiency, and to minimise unnecessary
duplication and in-country competition for funding;
Improving the co-ordination of funding streams (or streamlining the number of
Governmental organisations providing funds) can help to improve the effectiveness of R,
D,& D activities;
Increasing the level of funding available for hydrogen infrastructure research and
demonstration activities may be necessary.

Recommendations for options that could be pursued i n the UK
Based on the research carried out for this study, it has been proposed that there are two main options
that could be pursued with regard to hydrogen infrastructure in the UK. These are as follows:

Option 1: “Watching brief — business-as-usual” scenario
Option 2: Proactive support for the development of low-carbon hydrogen technologies

Option 1: “Watching brief — business as usual” scen ario

This option takes into account that the UK is unlikely to play a leading role in the development and
demonstration of new hydrogen infrastructure and vehicle technologies, as other countries such as
Japan, Germany and the US have already carried out significantly greater levels of work in these
areas. These countries are also better able to take advantage of vehicle manufacturer research into
hydrogen vehicle technologies, which means that vehicle demonstrations are more likely to occur in
these countries. There is limited worldwide availability of hydrogen vehicles for demonstration projects
and setting up vehicle demonstrations in the UK is not a high priority for vehicle manufacturers. lItis
clear that even without significant UK involvement, work will continue abroad in developing and
demonstrating low-carbon hydrogen infrastructure and vehicle technologies. With all of the above in
mind, one option for the UK is to take a very passive role in the development and demonstration of
hydrogen infrastructure technologies; in practice, this would amount to the UK keeping a “watching
brief” on activities abroad, without investing any significant additional time, resources, and funds over
and above that already committed to the development of hydrogen infrastructure technologies. The
advantage of this option is that no additional investment would be required in the short term, however
itis likely that the UK would be excluded from some of the major demonstration and learning
opportunities. Should low-carbon hydrogen technology develop more quickly than anticipated, this
might mean that the UK is not a position to take up the new technology as quick as it needs to, or that
greater levels of short-term funding might be required, in order to catch up with those countries that
made investment commitments at an earlier stage. Additionally, such an approach does not appear to
be consistent with the need to meet the UK'’s long-term climate change policy commitments and
targets, nor does it reflect the urgency of Stern Review and its arguments for more effective low
carbon energy technology policy. It is therefore strongly recommended that the Government should
not pursue this option.

Option 2: Proactive support for the development of low-carbon hydrogen technologies

This option consists of a number of steps that would enable the Government to take a more active role
in encouraging, supporting, and co-ordinating the development, demonstration and eventual
deployment of hydrogen infrastructure technologies. In particular, it is suggested that such actions
could be important in helping to ensure that the UK is on track to achieve a 60% reduction in CO,
emissions against 1990 figures by the year 2050. Such an approach would also be consistent with the
recommendations made in the Stern Report, which states that “policies are required to support the
development of a range of low-carbon and high-efficiency technologies on an urgent time-scale”. This
approach does not mean that the Government needs to pick hydrogen as a “winner” at this stage, but
rather that in order for the long-term potential of hydrogen to be realised as a low-carbon energy
technology for transport, more and greater support is required at this stage. Based on the findings
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from this study, it is suggested that a more proactive approach for supporting the development of low-
carbon hydrogen technologies could include the following steps:

Step 1: Establish a clear long-term strategy for de  veloping hydrogen for transport
applications. This step would include clarifying the long-term motivation for supporting
hydrogen as a transport fuel, the development of targets for what the UK would like to achieve
with regard to hydrogen in both the short term and the long term, development of mechanisms
to stimulate the long-term development and deployment of low carbon hydrogen production,
storage and distribution technologies, and the introduction of policy signals that indicate that
there is a long-term commitment to supporting the development of these technologies.

Step 2: Improve co-ordination and communication of hydrogen research activities in

the UK through the development of a dedicated hydro gen co-ordination unit.  The
research undertaken during this study suggests that establishing a Hydrogen Co-ordination
Unit would be of great benefit to developing and demonstrating hydrogen technologies in the
UK in a more coherent and coordinated way than is done at present. Most importantly, it
would also help gain clarity across Government on the UK’s position on hydrogen
technologies and would help to optimise research/demonstration efforts in the UK.

Step 3: Provide long-term incentives and support fo r the development, demonstration,
and eventual deployment of hydrogen infrastructure. It is proposed that the Government
could provide additional targeted incentives and support to help industrial organisations
develop hydrogen infrastructure technologies, thereby helping to accelerate their
development. In particular, additional support could be provided by:
- increasing the amount of funding available for research, development, and
demonstration activities;

- giving long-term certainty that current and new funding streams will be available to
support R&D and demonstration activities for longer periods of time than is currently
the case;

- working with other government Departments to ensure that there is a long-term
commitment to keeping the duty rate for hydrogen at zero;

- regularly reviewing the operation and funding available for the DfT-funded Energy
Saving Trust alternative refuelling infrastructure grant programme.

Step 4: Provide support and co-ordination for bette r and more focussed demonstration
projects. Itis recommended that demonstration projects should be linked to the overarching
strategy for hydrogen (Step 1), and that the co-ordination of these projects across the UK
needs to be improved to maximise learning and minimise duplication of effort. In the short
term, it is suggested that infrastructure demonstration projects may need to be focussed on
supporting non-transport applications as there is a shortage of hydrogen vehicles for
demonstration activities and the UK is not well placed to take advantage of many of the
vehicles that are available. Furthermore, it is also recommended that the UK would be better
placed to focus development and demonstration activities on a smaller number of
geographical regions.

It is strongly recommended that the Government adopt this more proactive approach to the
development, demonstration and deployment of hydrogen infrastructure for transport applications, and
where possible the additional activities set out above should be implemented to help accelerate the
development of low-carbon hydrogen infrastructure technologies that can support future hydrogen
transport applications. The adoption of a more proactive approach would be consistent with the
findings of the Stern Review and would ensure that the UK is ready to adopt hydrogen technology, if a
low carbon production method were to become feasible and viable.
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1 Introduction

1.1 Background

The transport sector was responsible for 27% of total CO, emissions in the UK in 2004" and in 2005
constituted 34.5% of all of the energy consumed in the UK.? Furthermore, unlike many other major
CO, emitting sectors, emissions from the transport sector continue to rise. Thus efforts to reduce
emissions from this sector will be crucial if the UK is to stay on track to achieve its domestic and
international targets for CO, emission reductions. A number of policy measures are being employed to
achieve emissions reductions in the transport sector including the company car taxation system, which
is based on CO, performance, and programmes aimed at reducing the fuel consumption of goods
vehicles. In addition, the Renewable Transport Fuel Obligation (RTFO) will place an obligation on fuel
suppliers to ensure that 5% of their aggregate sales of transport fuels are made up of biofuels when it
comes into force in 2010. The RTFO is expected to reduce the carbon emissions from road transport
in 2010 by about 1 million tonnes, equivalent to taking 1 million cars off the road.?

In addition to current policies and measures, it is recognised by the Government that additional actions
will be necessary to reduce emissions from the transport sector. The Energy White Paper4 published
in May 2007 included a number of new measures to support low carbon transport both in terms of
stimulating investment in the market as well as providing direct support for research, development and
demonstration. Key actions include the following:

The Department for Transport (DfT) and the Engineering and Physical Sciences Research Council
(EPSRC), in conjunction with the Transport Strategy Board (TSB), will help finance and develop a
new Low Carbon Vehicle Innovation Platform. This will provide co-ordination of UK technology
research and up to £30 million of support.

The DfT will develop a new programme of public sector procurement to promote and support low
carbon vehicle development, including small fleet demonstrations.

Decrease the fleet-weighted average CO, emissions of new Government-purchased cars to
130gCO,/km by 2010/11.

The DfT's Horizons programme, launched in 2003, was put in place to stimulate exploratory research
into potential future developments that might significantly affect the UK’s transport sector. Such
developments may be the result of economic, social, environmental or technological change or
pressures. The programme helps the DfT to respond to such change and helps inform future policy
requirements to best support the advancement of the UK'’s transport sector. The third call of the
Horizons programme provided funding for five research projects in 2006/7 investigating various
aspects related to the infrastructure requirements of hydrogen-fuelled transport. This is the final report
of one of these studies — undertaken by AEA Energy & Environment — which focused on the economic
and institutional barriers to the widespread uptake of hydrogen refuelling infrastructure.

The project is part of a significant body of research being conducted in the UK to determine how to
reduce greenhouse gas emissions and to explore the technological options for doing so. It follows the
publication in October 2006 of the Stern Review on the Economics of Climate Change, which was a
major study led by Sir Nicholas Stern to understand the economic challenges of climate change and
how they can be met, in the UK and globally. The final report from the Review argued that policy to
support innovation and the deployment of low-carbon technologies is one of the three essential
elements of any policy framework aimed at reducing greenhouse gas emissions (in addition to carbon
pricing and encouraging behavioural change and energy efficiency).> The Stern Review and other
related work have concluded that effective action to reduce climate change requires a widespread shift
to new or improved technologies in key sectors, including transport.

! Defra (2006).

% DTI (2006).

% http://www. dft.gov. uk/pgr/roads/environment/rtfo/aboutrtfo
4 http://www. dti.gov.uk/energy/whitepaper/page39534.html
® The Stern Review Report (2006).
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Hydrogen-fuelled vehicles offer one possible means of reducing greenhouse gas emissions in the
transport sector. When hydrogen is used as the fuel in a fuel cell vehicle (FCV) or in an internal
combustion engine (ICE), there are zero emissions of CO, at point of use and zero, or vehicle low
emissions of air pollutants at point of use. The potential for overall carbon savings when using
hydrogen as a fuel instead of conventional transport fuels exists only if the hydrogen is produced using
a low-carbon source or if any carbon produced in the production of the hydrogen is captured and
stored. In addition to reducing greenhouse gas emissions, the use of hydrogen as a transport fuel
also has the potential to improve energy security and air quality in the UK and around the world.®

It is important to note that hydrogen is just one of several options for reducing emissions from the
transport sector and that it is not as well-developed a technology as some of the other options.
Technologies such as hybrid vehicles and vehicles that run on biofuel also have the potential to
reduce greenhouse gas emissions compared to vehicles fuelled by conventional fossil fuels. These
technologies are further along in the development process than hydrogen vehicles and infrastructure.
The interest in hydrogen in particular stems from the fact that at this point in time it is the only known
option with the potential for achieving a completely zero-carbon transport system. However, as
highlighted above, the benefits of a hydrogen fuelled transport system are only achievable if the
hydrogen is produced using low-carbon production methods, which are still a long way from being
cost-effective.

For all these reasons, hydrogen has attracted the attention of the public, scientists and policy-makers,
and is considered by some to be the best long-term option for significantly reducing carbon emissions
from the transport sector. For others, hydrogen is just one of a number of possible options and should
not be developed at the expense of other low-carbon technologies such as hybrid and electric
vehicles. It is clear, however, that the development of a hydrogen-fuelled transport system would be a
long-term process, and it is likely to be many years before hydrogen vehicles are in mainstream use in
the UK.

1.2 Objectives of this study

The potential for hydrogen-powered vehicles to reduce CO, emissions from the transport sector
means that in the short-to-medium term it is important to explore further the potential of hydrogen as a
transport fuel, and that the policy framework supports this exploration. In this context, it would be
beneficial to continue to support the development and construction of hydrogen production, storage,
and refuelling infrastructure that will be required if hydrogen vehicles are to be widely used in the
future by businesses and the public. It is equally important — from a policy perspective — to
understand the barriers that may hinder the uptake of hydrogen infrastructure technology; where such
barriers exist, it may be necessary to develop approaches that can be used to overcome these
barriers.

Consequently, the objectives of this project were, as follows:

Identify the current institutional barriers and the current economic barriers that may hinder the
widespread introduction of hydrogen infrastructure in the UK;

Identify the mechanisms that have been used to date in the UK and in other countries to help
overcome barriers associated with alternative fuel technologies for transport;

Assess the effectiveness of different regulatory and economic support mechanisms, and the
feasibility of introducing such mechanisms in the UK; and

Provide DfT with recommendations on how UK-specific institutional barriers could be overcome;
and identify the most suitable support mechanisms that could be introduced to help overcome the
economic barriers.

® Low Carbon Transport Innovation Strategy (2007).
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1.3 Methodology

In order to achieve the objectives outlined above, the project had three distinct tasks:

A review of recent literature pertaining to hydrogen as a transport fuel and of low-carbon
technologies, more generally. This literature review included an investigation of the barriers to the
uptake of hydrogen infrastructure and potential mechanisms that could be used to overcome these
barriers;

Interviews with industry and Government stakeholders to gain their perspectives on the barriers to
a hydrogen transport system and the mechanisms needed to overcome those barriers; and

Case studies from three countries where hydrogen vehicles and infrastructure are further along in
the development process than they are in the UK.

The project began with an extensive review of literature to identify the existing economic and
institutional barriers to the widespread development and construction of hydrogen infrastructure
installations. The literature was consulted with a view to identifying which barriers were encountered
in other projects relating to hydrogen and alternative fuels, and to explore how those barriers were
overcome. A large number of documents were reviewed for this part of the project, including
academic journal articles, reports from UK and European projects relating to hydrogen, documents
relating to other alternative fuels (e.g. liquefied petroleum gas (LPG), ethanol, etc), and information
published by stakeholders in this field. Although the majority of the literature review was conducted at
the beginning of the project, work continued in order to keep up-to-date with more recent documents.

The second stage of this project focussed on interviewing stakeholders both within the UK and abroad
regarding their work on the development of hydrogen technologies. The purpose of this consultation
was to first gather opinions on what the UK-specific barriers to hydrogen are and also which existing
support mechanisms have proven to be successful. Stakeholders involved in projects such as the
Clean Urban Transport for Europe (CUTE) bus programme were able to share their first-hand
experience of the project and highlight the strengths and weaknesses of such programmes. Experts
from other countries were also consulted to gather ideas from hydrogen projects abroad, which in
many cases are further along in the development process than projects in the UK.

The consultation process began on 25 January with a workshop held in Loughborough at the office of
the Centre for Excellence for low carbon and fuel cell technologies (Cenex), which was attended by
ten stakeholders representing seven different organisations. This workshop was followed by a series
of stakeholder interviews with representatives from Government and industry organisations both within
the UK and abroad. In total, 27 stakeholders were consulted during the course of the project either in
person, over the telephone, or via email (as was the case with interviews with people from Japan and
the US). The stakeholder interviews were conducted between February and May 2007.

Stakeholders were chosen to ensure that representatives were consulted from each of the key areas
(government, academia, industry, etc.) in the UK and from key countries where there is a significant
amount of ongoing hydrogen research. Stakeholders contacted included representatives from the UK
government (DTI, DfT, TfL, etc), industry (Toyota, BP, Air Products, BMW, etc), European institutions
(European Commission, Joint Technology Initiative), academia (Policy Studies Institute, Imperial
College), and other UK and international organisations (London Hydrogen Partnership, Cenex,
California Hydrogen Highway). The interview questions asked were slightly different for each
stakeholder and were designed to gather information on their areas of expertise.

The literature review and the stakeholder interviews provided a significant amount of information on
current hydrogen development activities around the world, the barriers that have been encountered,
and the mechanisms that have been used to overcome these barriers. To gain a more in-depth
understanding of some of these activities, the team researched three case studies focussing on
Germany, Japan, and California. These areas of the world currently have the majority of hydrogen
refuelling stations® and are conducting a considerable amount of hydrogen research and
development.9 The findings from the case studies, interviews, and literature review were then

” Such as the Energy White Paper (DTI, 2007) and E4Tech (2007)

8 http://www. h2stations.org/
° Crawley (2006).
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assessed in the UK context in order to make recommendations on how the UK might develop its
hydrogen programme and learn from the experiences in other countries.

This report provides the final results of the project and summarises the findings from the literature
review, stakeholder interviews, and case studies.

Section 2 provides an overview of hydrogen production, storage and distribution infrastructure, and
provides details of current infrastructure facilities in the UK.

Section 3 provides details of the key barriers that are preventing the widespread uptake of hydrogen
infrastructure in the UK based on the literature review and the stakeholder consultation.

Section 4 presents the measures that could be used to overcome these barriers to hydrogen
infrastructure. The summaries of the three case studies are also included in this section.

Section 5 discusses the current UK support activities for hydrogen and compares these activities to
the approaches taken in other countries.

Section 6 provides recommendation for options that could be pursued by the UK.

Section 7 provides a summary of the findings of the study.

14
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2 Current hydrogen infrastructure in the UK

2.1 Description of hydrogen infrastructure

Previous research has described the fuel chains that will need to exist in order to use hydrogen as a
transport fuel. Some examples of these chains are shown below.

Figure 2.1: Examples of hydrogen fuel chains

Source: E4Tech, 2004

Hydrogen is not a primary energy source, and as can be seen from the examples in the above figure,
primary energy sources such as fossil fuels or renewable energy resources, and energy transmission
routes will be required in order to produce hydrogen. Infrastructure requirements relate to the
hydrogen production and hydrogen transport and storage steps in the above energy chain.

Large-scale hydrogen production facilities that would be able to produce sufficient quantities of
hydrogen for widespread use in transport applications do not exist at this point in time, and the
production technologies are not well enough developed to be able to achieve cost-competitive
reductions in carbon emissions. A wide variety of hydrogen production methods exist or are in
development, including production routes based on the use of fossil fuels, renewable energy sources,
and nuclear power. These methods are discussed in more detail in Chapter 3 of this report. In order
for hydrogen to be a viable future transport fuel, the barriers that exist to the widespread deployment
of hydrogen infrastructure and hydrogen vehicles need to be overcome.

The transport and storage of hydrogen is more difficult than for conventional energy sources.
However, the technologies required for the transport and distribution of hydrogen are much more
mature than hydrogen production methods. Bulk storage and transport of hydrogen by road are fully
commercialised technologies, although at this point in time the hydrogen stored and transported is
used for industrial applications rather than for use in transport. Hydrogen can be stored and
transported as a compressed gas (e.g. pipeline transport) or liquefied for transport by road tanker.

In addition to the infrastructure required for the production and transportation of hydrogen, the
potential future widespread use of hydrogen vehicles will also necessitate the development of a
hydrogen refuelling network. Refuelling equipment is commercially available, but costs are higher
than conventional petrol or diesel refuelling equipment; whilst there are limited numbers of vehicles in
operation, the demand for refuelling infrastructure will remain low.

2.2 Current hydrogen production infrastructure in t he UK

There are three main areas of the UK where commercial hydrogen production facilities currently
exist™®, producing hydrogen primarily for captive use (i.e. it is used for industrial processes that are
carried out within the production facility in which it was made). These areas are South Wales, Teeside
(North East England) and the North West of England. Two companies (Linde Gas UK and Air

0 pTI, 20072
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Products) manufacture hydrogen in the UK. Oil refineries are currently net consumers of hydrogen,
but it would be possible for these plants to manufacture hydrogen in the event that this option
becomes a cost effective solution. In fact, a small number of refineries currently produce hydrogen
including the BP facility at Grangemouth and the ExxonMobil facility at Fawley.

2.3 Current hydrogen storage and distribution facil ities in
the UK

As with production facilities, hydrogen storage and distribution infrastructure is concentrated within
South Wales, the North East of England and the North West of England™®. The North East of England
possesses the most well-developed hydrogen distribution system, with approximately 30 km of
pipeline distribution available. Linked to this distribution system is an underground storage facility that
is able to store up to 700 tonnes of pressurised hydrogen. The North West of England has a number
of hydrogen pipelines linking oil refineries to the chlorine manufacturing industry, where hydrogen was
produced. There are no bulk storage facilities for hydrogen in the North West of England, except for
that at Air Products’ hydrogen gas bottling facility. Currently there is no bulk storage or distribution
infrastructure in place in South Wales, although it has been proposed that the small number of
hydrogen production facilities in this area could be linked together to form a distribution network.

2.4 Potential for current hydrogen infrastructure t 0
support future transport applications

The foregoing sections have provided an overview of the current situation with regard to the
availability of commercial hydrogen production facilities and bulk hydrogen storage and distribution
infrastructure across the UK. As has been described, the hydrogen infrastructure is concentrated in
three geographical areas of the UK in order to support industrial processes, including oil refineries.
The vast majority of hydrogen produced in the UK is for captive use — it does not leave the plant which
manufactured it, and is used for “in-house” industrial processes. A small bulk distribution network
exists, which is best developed in the North East of England, but again, this network is focused on
providing supplies for local industrial usage. It is clear from the above that the current status of
hydrogen production, storage, and distribution infrastructure in the UK would not able to support the
needs of the transport sector, should it become technically and economically viable for hydrogen to be
used as a transport fuel. Current production facilities would not be able to provide additional supplies
for transport applications without significant levels of expansion, requiring major capital investment.
Furthermore, the bulk distribution network is extremely limited, and transporting hydrogen by road over
long distances is not currently economically viable. In addition to these factors, there is currently no
significant hydrogen refuelling infrastructure across the UK, which would also be a prerequisite for the
widespread deployment of hydrogen vehicles. With all of these factors in mind, the following Chapter
of this report examines the barriers to the expansion of the hydrogen production and distribution
infrastructure that need to be overcome in order to be able to support potential future hydrogen-
powered vehicles.
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3 Barriers to the introduction of hydrogen
infrastructure to support transport
applications

3.1 Overview

A substantial amount of work has been carried out in recent years to identify the barriers to a
hydrogen economy and determine the best way to overcome these barriers. These projects have
taken various formats — modelling work to forecast the development and uptake of hydrogen as a fuel
source, stakeholder consultation, exploratory scenarios, technical scenarios, and so on.** One recent
study by the Policy Studies Institute (PSI) included a review of the hydrogen futures literature and
identified a number of barriers to the development of a hydrogen transportation system, which include
the absence of hydrogen infrastructure, technological immaturit¥, safety issues, absence of codes and
standards, social values and public perception, among others. *

This project takes this work further and seeks to identify the barriers to the widespread uptake of
hydrogen refuelling infrastructure that are most significant in the UK, and also determine the best
mechanisms for overcoming these barriers. Although this project concentrates on barriers to the
uptake of hydrogen infrastructure, it is important to stress that in some instances it is impossible to
separate barriers to the deployment of hydrogen vehicles from barriers to the development and
deployment of hydrogen production and distribution infrastructure.

Section 3.2 summarises the eight most significant barriers to the uptake of hydrogen refuelling
infrastructure which were identified during the literature review and interviews that were undertaken in
the course of this project. These barriers are as follows:

Lack of immediate CO, reductions / technical barriers associated with hydrogen production
infrastructure;

Infrastructure investment versus vehicle development (“chicken and egg” problem);

Technical barriers associated with hydrogen storage, distribution and refuelling infrastructure;
Technical barriers associated with hydrogen vehicles;

Lack of a clear policy framework or strategy for hydrogen in the UK;

High costs of vehicles;

Lack of public awareness and understanding of the implications of using hydrogen as a fuel; and
Absence of codes and standards.

The reasons why each of these was considered to be a barrier can be found in the relevant section,
below.

3.2 Barriers to the development of hydrogen infrast ructure

3.2.1 Lack of immediate CO > reductions / technical barriers associated with
hydrogen production infrastructure

The lack of immediate reductions in carbon emissions associated with using hydrogen as a transport
fuel was cited, particularly by Government stakeholders, as a barrier to the wider development of a
hydrogen transport system. Hydrogen is not a primary energy source in the same way as coal, gas
and oil are. Itis an energy carrier and is only as ‘clean’ as the process used to generate it. For
example, hydrogen can be produced by electrolysis of water, a process that requires electricity. If the
electricity used to power this process is produced by a coal-fired power station, significant levels of
CO, would be produced. Using hydrogen produced in such a manner as a transport fuel would not

1 McDowall & Eames (2006)
2 Ibid.
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lead to reductions in CO, emissions compared to using conventional fossil fuels for transport. In order
to achieve CO; reductions whilst using hydrogen as a transport fuel, it is necessary for there to be
significant reductions in the CO, emissions associated with the hydrogen production process — for
example by using renewable energy sources to produce hydrogen. However, at this point in time,
greater carbon savings can be achieved by using renewables for electricity generation than by using
renewables to generate hydrogen.™® Large-scale hydrogen production at the moment is primarily
carried out by reforming natural gas (steam methane reforming), coal gasification, or alkaline
electrolysis. There are a number of other production methods that are under development including
the following:

Electrolysis of water using electricity from renewable or nuclear sources

Electrolysis of water using electricity from fossil fuel power stations with carbon capture and
storage

Gasification of coal with carbon capture and storage

New low carbon production routes including photoelectrolysis, biological fermentation,
thermochemical cycles, etc

These additional production routes are not yet cost effective, and in the case of the newer
technologies, are not yet mature enough to be used commercially. There is still a significant amount
of research, development and demonstration activities required before any of these technologies is
cost competitive with current production routes, and in some cases, the technology has not yet been
fully proven.

The lack of immediate reductions in carbon emissions associated with hydrogen vehicles represents
one of the key barriers to a hydrogen future for some stakeholders, including the UK Government.
The Government is concerned that, even though hydrogen may be a good long-term option for
reducing emissions, the fuel is not ready to be used in the transport sector yet, and that funding would
be better spent on alternative fuels and technologies where the carbon benefits have been proven.
However, critics of this approach suggest the hydrogen will not become a low-carbon fuel unless
investment is made in its development.

Industry stakeholders also expressed a desire for hydrogen to be produced from non-carbon sources.
Daimler-Chrysler has highlighted the need to develop clean hydrogen production before their
hydrogen vision becomes a reality.** Meanwhile, BP was planning three major hydrogen production
facilities, one in California, one in Australia and one in Peterhead, Scotland, although BP has recently
abandoned this latter project. The Peterhead plant was to produce hydrogen from North Sea gas and
use carbon capture and storage technology to store the carbon dioxide produced in offshore oil
reserves.

3.2.2 Infrastructure investment versus vehicle deve  lopment

One barrier to the uptake of hydrogen technology that has received much attention in the literature is
the “chicken and egg” problem regarding which should be developed first — hydrogen vehicles or
hydrogen refuelling infrastructure. The overall problem is that the public are less likely to purchase
hydrogen vehicles unless refuelling stations are available in readily accessible locations;
manufacturers will not produce vehicles that people do not want to buy, and fuel providers will not
install hydrogen refuelling stations for vehicles that do not exist.’® A significant amount of work has
already been carried out to investigate this problem and determine the best ways to foster co-
ordination between government, vehicle manufacturers, and fuel suppliers to ensure vehicles and
refuelling infrastructure are rolled-out at the same rate.

An aspect of this barrier that has received much attention in the literature is determining how many
refuelling stations are needed to attract interest in hydrogen vehicles. Previous work indicates that
significant numbers of drivers would only be willing to switch to an alternative fuel if the new fuel was
available at approximately 25% of existing retail stations.>” Using a simple percentage approach to
this question is problematic however; for example, if it is assumed that supplying hydrogen at 5% of

3 JRC WTW (2007).

* paimler-Chrysler (2006).

5 http://www. bp.com/genericarticle.do?categoryld=97&content|d=7006978 .
*6 Melaina, (2003).

" van Benthem, et al. (2006).
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retail stations might be enough to encourage some “early adopters” to switch, in the US this would still
mean that over 4600 stations would need to provide hydrogen before the public would even consider
switching'® Clearly it would not make sense to construct this many refuelling stations in one go, which
highlights the importance of careful planning to determine the best locations for the first refuelling
stations and considering the distance people are willing to travel to refuel their car.*®

Although this question of the rate of infrastructure development and the location of refuelling stations
receives a lot of attention in the literature, the results of the stakeholder consultation indicate it is not a
primary concern for hydrogen development in the UK. The majority of stakeholders interviewed did
not even mention this as a barrier and did not think that determining the best location for refuelling
stations presented a serious problem at this time. This is not surprising, however, considering that the
UK has very few hydrogen vehicles at the moment and as a result does not need many stations to
refuel the vehicles. Instead, the UK is developing hydrogen 'clusters’ where a set number of hydrogen
vehicles (e.g. buses) are refuelled at a single refuelling station. This approach originally began as part
of the CUTE project,”® in which London was one of nine European cities to take part in an extended
trial of hydrogen buses. London operated three Mercedes Citaro fuel cell buses, which were refuelled
at a purpose-built hydrogen refuelling station at Hornchurch in East London. This approach is likely to
continue in the future as London has committed to running ten hydrogen buses which will be refuelled
at a new refuelling station.

The “chicken and egg” barrier is still worth bearing in mind as a potential obstacle in the future if
hydrogen development continues in the UK. Stakeholders from California, in particular, expressed
frustration over the impasse, stating that most providers do not want to commit to building additional
refuelling stations until there are more cars. Because California is further along than the UK in terms
of developing hydrogen refuelling stations, this could indicate that the infrastructure development vs.
vehicle roll-out problem could be a more significant barrier for the UK in the future.

3.2.3 Technical barriers associated with hydrogens  torage, distribution and
refuelling infrastructure

Stakeholders differed in their opinion as to whether technical barriers relating specifically to hydrogen
infrastructure remain. Whilst some believed significant technical barriers remain both from the
infrastructure side and for the vehicles, others perceived few technical barriers (as opposed to
economic barriers) to developing a hydrogen refuelling infrastructure similar to that for petrol and
diesel. Although technical barriers to hydrogen vehicles are more problematic than barriers to
refuelling infrastructure, there are additionally a number of associated barriers that are worth
discussing here, specifically relating to hydrogen storage and hydrogen production.

Hydrogen fuel can be stored using a number of different media, including high-pressure gas storage,
liquid storage, storage in metal hydrides, and storage in ammonia. The medium with the highest
storage capacities in terms of volume is the metal hydride storage system. This has safety
advantages over compressed hydrogen storage options, but weight and cost disadvantages.
Alternative systems based on ammonia, intermediate feed-stocks and liquid hydrogen storage all
exist. These have a high volumetric capacity to store hydrogen but each requires further work,
particularly with regard to safety, to support their commercial use in transport.

3.2.4 Technical barriers associated with hydrogenv  ehicles

The majority of stakeholders and the hydrogen literature were in agreement that there are
considerable technical barriers associated with hydrogen vehicles that would need to be overcome
before wide-spread hydrogen vehicle deployment would be possible. It should be stressed that the
direct technical barriers to the uptake of hydrogen vehicles are indirect barriers to the widespread
deployment of hydrogen infrastructure. This is an important point that will be returned to throughout
this research — in practice it is very difficult to separate the development and deployment of hydrogen
vehicles from the development and deployment of the supporting hydrogen infrastructure.

'8 Melaina, (2003).
9 Nicholas, (2004).
20 http://www. fuel-cell-bus-club.com/index. php?module=pagesetter&func=viewpub&tid=1&pid=2
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The need for technological improvements and development is relevant for both hydrogen fuel cell
vehicles (FCVs) and vehicles powered by hydrogen internal combustion engines (ICE). Consequently,
many stakeholders cited the technical barriers to the development of hydrogen vehicles as one of the
principal barriers to the development of a hydrogen infrastructure.

An important barrier for FCVs is that the fuel cell performance is not yet able to deliver the necessary
mix of power density, lifetime, performance (e.g. starting up at cold temperatures) and other properties
at a reasonable cost.?* The length of a fuel cell's operational life is another area requiring further
development. Current automotive applications such as the Ballard fuel cell engines used in the CUTE
bus programme have a maximum operational life of 1,700 hours. This would be unacceptably low for
mainstream automotive applications, but is not surprising as the technology is still very much in the
development phase. lItis anticipated that there will be very significant advances in operational life
times over the next ten years that may make the technology more feasible (targets are 5,000 hours
and 40,000 hours for automotive and stationary applications respectively).

Hydrogen ICE vehicles face fewer technical challenges than FCV, but they still require development to
reduce costs and improve availability. On-board storage of hydrogen still presents a significant
technical barrier to be resolved both for hydrogen ICEs and fuel cell vehicles.?* Existing on-board
hydrogen storage technology does not provide an acceptable range for either type of vehicle in
conventional applications. As noted in the recent E4Tech report, alternative storage approaches are
being explored to reduce storage weight and/or volume.?®

3.2.5 Lack of a clear policy framework for alternat ive fuels, including
hydrogen, in the UK

Many stakeholders, including those from industry but also other experts, that were consulted during
this project felt that the policy framework in the UK did not provide sufficiently long-term, clear and
consistent policy signals regarding the promotion of alternative fuels, including hydrogen. While
acknowledging the Government’s concern regarding the current lack of CO, reductions from hydrogen
(see Section 3.2.1), some stakeholders still felt that the Government could be more proactive in
developing a long-term policy framework for alternative fuels, including hydrogen, as well as taking a
lead in the co-ordination of the UK’s hydrogen development and demonstration activities.

In order to demonstrate the importance of strong political leadership in this area, stakeholders
provided examples where strong leadership has been central to the success of hydrogen projects and
programmes. Ken Livingstone’s proactive stance on hydrogen and alternative fuel vehicles in general
was cited as key to London’s prominent UK position in hydrogen development. Meanwhile the
California State Governor Arnold Schwarzenegger was also highlighted as a good example of a leader
who can take at least some of the credit for California’s commitment to hydrogen transport.** In both
these cases, proactive political leadership has stimulated interest in hydrogen from other stakeholders
and from the relevant industries.

Many stakeholders also highlighted poor co-ordination in the UK of hydrogen programmes across both
industry and government as a possible reason for delayed hydrogen infrastructure activities. There are
a significant number of hydrogen-related activities ongoing in different areas of the country including
London, Loughborough, Scotland, and Wales;25 however, according to stakeholders, these activities
are not co-ordinated and linked as well as they could be. Given the high costs of hydrogen research
and demonstration, good co-ordination is vital to ensure value for money and to maximise the learning
by each project.

3.2.6  High costs of hydrogen technology

The high costs associated with hydrogen vehicles, in particular hydrogen storage and fuel cells,
present a significant economic barrier to the widespread uptake of both hydrogen vehicles and

%L E4Tech, Element Energy, and Eoin Lees Energy (2004).

2 National Academy of Sciences (2004).

%3 E4Tech (2007).

4 http://www. hydrogenforecast.com/JulyArticles/hfc_califway071204.html
% http://www.h2wales. org. uk/
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hydrogen infrastructure. Some stakeholders felt costs will have to come down by two orders of
magnitude to make the hydrogen option competitive. For instance, the cost of each bus involved in the
CUTE bus programme was in the order of £1 million which is simply too high to be competitive enough
to be rolled out in any great numbers. The high cost of hydrogen vehicle technologies acts as an
economic barrier to the widespread introduction of hydrogen infrastructure, as once again it should be
noted that fuel suppliers are reluctant to invest in production and refuelling infrastructure unless it is
clear that there will be a demand for these types of vehicles.

The literature suggests the costs associated with the production and distribution of hydrogen gas is a
significant barrier. For example, a US National Academy of Engineering report (2004) suggests that
whilst hydrogen can be produced today at costs ranging from $0.96 to $1.22 per kg, pipeline shipment
and dispensing adds an estimated cost of $0.96 per kg hydrogen. The report states this is much more
than the dispensing and distribution costs of petrol, which equal about $0.19 per US gallon ($0.07 per
kg of petrol).”®

In addition, the costs of hydrogen refuelling stations at the moment are also higher than the costs of
standard petrol refuelling stations and other alternative fuel stations. However, the difference in cost of
stations is not nearly as great as the difference in cost between a hydrogen vehicle and a conventional
petrol or diesel vehicle, primarily because hydrogen refuelling technology is a more mature technology
than hydrogen fuel cell or hydrogen ICE technology. The literature estimates that the cost of
converting a current refuelling station to dispense 50,000 gallons of gasoline equivalent per month is
$1.4 million in the case of hydrogen, $0.9 million for CNG, and $0.6 million for LNG.*” Converting a
station to provide other fuels such as methanol, ethanol, and LPG is reported to cost about $200,000,
whereas converting a station to provide biodiesel does not cost anything extra.?®

In many cases, stakeholders felt that funding up to now in the UK and in other countries has been
insufficient to stimulate hydrogen development. In the EU for example, state aid restrictions and the
amount of paperwork and effort involved in obtaining EU funding are thought to be limiting factor.
Meanwhile, in California lawmakers approved only $6.5 million for the Hydrogen Highways Blueprint
project, just over half of the $10.7 million requested.”

3.2.7 Lack of public awareness and understanding

A poorly informed public may present a further barrier to hydrogen infrastructure deployment. A few
stakeholders mentioned the well-publicised problems with the Hornchurch re-fuelling station in
London. Lack of engagement with the local community in this instance was cited as key to the failure
to gain local acceptance and support at the early stages of the project. However, it was felt more
generally that the local authorities are also poorly informed about the true risks and potential of
hydrogen fuel and hydrogen-fuelled transport. It was felt more could be done to promote positive
stories about hydrogen and that demonstration activities could be used to prevent the subject falling
off the public radar and to improve public understanding. Joffe (2006) believes achieving a positive
perception of hydrogen could be one of the most serious challenges for the introduction of hydrogen
infrastructure in London.*

3.2.8 Absence of codes and standards pertaining to hydrogen

As with any potentially hazardous substance, for hydrogen to be used as a transport fuel there is a
need for its use — from production, delivery, storage, dispensing to eventual use — to be regulated by
necessary codes and standards in order to protect the public and the environment. As hydrogen is a
new transport fuel, these codes and standards will have to be developed. Looking across the world,
discussions with stakeholders in both Germany and the US implied that work is still required on the
development of such codes and standards, although it should be noted that Japan has done much in
this area, which will be discussed later on in this report (See Section 5.5). Looking at the UK, the lack
of codes and standards for hydrogen stations and vehicles was not commonly highlighted as a

26 National Academy of Engineering (2004)
" Wang, (1998), Agnolucci, (2007).

%8 |bid.

29 Crawley, (2006).

30 Joffe (2006)
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significant barrier to the development of hydrogen for transport during the interviews. This may be in
part due to the status of the industry at present in the UK; that is, the UK is some way off the
widespread use of hydrogen for transport applications. Also the players involved at the moment are
typically using industrial codes which are more rigorous than those that would eventually be applied
within a public space. In the public arena, designs will need to be improved so that safety is inherent
instead of taught or instilled by work practices. For these reasons, many issues associated with
hydrogen use as a transport fuel may not yet have been faced.

The potential regulatory barriers that were highlighted during the interviews include:

Risks associated with hydrogen vehicles that pass under bridges, through tunnels or in
underground car parks;

Uncertainty associated with emergency response, e.g. identifying vehicles in event of fire;
Lack of EU legislation on garages — every private operator has the right to exclude access to
certain vehicle types;

Safety — public use of fuel stations and publicly driven vehicles in demonstration projects (for
example, see case studies on Germany and Japan in Sections 4.2 and 4.4, respectively).

One potential safety risk associated with hydrogen/FCVs (and applicable to electric vehicles also) is
the quietness of such vehicles compared to conventional ICEs. Additional safety measures may be
required especially in urban/residential areas to ensure that pedestrians are aware of approaching
vehicles.

In terms of existing standards, the E4Tech report (2006) anticipated potential regulatory issues in that
existing hydrogen standards have been developed in the context of industrial plants and therefore will
not be directly applicable to transport issues.

The issue of planning regulations was explored in more detail during a stakeholder workshop held as
part of the research process. Stakeholders here felt that the planning process at the moment is very
lengthy and is complicated by a lack of standards and regulations that are specific to hydrogen. It may
also be the case that the inclusion of ‘different’ fuels/technologies associated with hydrogen will further
delay the planning process.

3.3 Discussion

After assessing the comments from stakeholders and reviewing the recent literature, there are clearly
some recurring themes that appear with regard to the key barriers to the development of hydrogen
infrastructure, as discussed in the previous sections. There is agreement amongst the government
stakeholders that the lack of immediate carbon reductions is a barrier to the uptake of hydrogen; there
is agreement amongst industry stakeholders that improved co-ordination is needed; everyone agrees
that hydrogen is expensive and that the costs must be reduced substantially before it is commercially
viable.

Itis also interesting to see the differences and themes that emerge when assessing comments made
by stakeholders from different countries. The stakeholders and literature from California, for example,
stress the need to analyse the chicken-and-egg problem and determine the best locations for new
hydrogen refuelling stations. Stakeholders from the UK, on the other hand, have stressed the need to
improve co-ordination among the hydrogen clusters and continue working on R&D and demonstration
projects. These variations in viewpoints illustrate the differences in the development and availability of
hydrogen technology in different parts of the world, and also the different attitudes toward hydrogen as
a transport fuel. They also provide pointers as to the barriers that will become more significant as
hydrogen development progresses in the UK.

Overall, the comments made by stakeholders are supported by the recent hydrogen literature. There
is a certain amount of divergence in that the literature tends to provide more theoretical ideas,
whereas stakeholders’ views are based on their experiences, as expected. One theory discussed in
the literature that was not mentioned explicitly in the stakeholder interviews is the idea of technological
lock-in. Technological lock-in refers to the institutional system in place that supports the incumbent
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technology in a sector, making it very difficult for other technologies to gain a foothold.®* This
phenomenon occurs with all kinds of technologies, but in relation to transport the fuel infrastructure
and regulatory support framework supports fossil fuel technologies, which makes it difficult for
alternatives such as hydrogen to achieve a critical mass.

Although technological lock-in was not mentioned as a barrier to hydrogen by the stakeholders, it
receives a significant amount of attention in the literature and has both economic and institutional
implications. In the current energy system, it means that alternative technologies that are less mature
are both more expensive than fossil fuel technologies (as a result of having not overcome all
technological barriers or benefiting from economies of scale), and have to overcome a system of
regulations that have been developed with the existing technology in mind and may therefore favour
this technology over potential rivals. In this way institutional factors act to reinforce the lock-in of the
current carbon-based technological system. ** Because existing technologies have benefited from a
long period of policy and financial support, sizeable policy measures and incentives are needed to
encourage another technology, such as hydrogen, to develop. These measures and incentives are
especially important in the case of hydrogen, where the technology may have a high potential but is
not yet as good in terms of performance as the competition.

This theory of technological lock-in encompasses many of the barriers mentioned by stakeholders —
the cost barrier that a new technology must overcome, the need to develop new codes and standards,
the difficulty of a technology like hydrogen to compete with the incumbent technologies. These
theories from literature and the ideas from the stakeholders will help to inform the discussion of how
best to overcome the barriers that stand in the way of developing a new technology.

31 Foxon, (2002).
* Ibid.
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4 Mechanisms that could be used to overcome
the barriers

4.1 Overview

The barriers to hydrogen-fuelled transport are not insurmountable. Although in some cases the
barriers can be addressed in the near term, it will take more time and effort to overcome other barriers.
Achieving progress with infrastructure development in the UK and abroad will require action both from
industry and government.

This section highlights some of the key mechanisms that could be implemented to overcome the
barriers discussed in the previous section. An overview of how the mechanisms are currently being
implemented in the UK and abroad, where relevant, is also included. Some of the mechanisms
discussed in this section would enable the development of hydrogen infrastructure specifically, but
others refer to hydrogen vehicles or hydrogen transport more generally. The general mechanisms
described in this section are:

Policy signals and co-ordination

Education

Research and Development (R&D) to improve vehicle technology
R&D to improve hydrogen production technology

Demonstration

Planning the locations of hydrogen refuelling infrastructure
Financial incentives

Codes & Standards.

4.2 Policy signals and co-ordination

Policy measures and signals from government can be a useful mechanism for stimulating the demand
for alternative fuels and alternatively-fuelled vehicles, including potentially those using hydrogen, and
for helping to overcome the barriers mentioned in the previous chapter of this report. Government
support and co-ordination of hydrogen activities can help to maximise the benefit of any hydrogen
demonstration projects, improve the public’s understanding of hydrogen, and potentially create
demand for hydrogen vehicles as part of a long-term transportation strategy. This is not to argue for
the government to choose hydrogen over other possible alternative fuels; only that the policy
framework needs to provide long-term, clear and consistent signals that will enable low carbon vehicle
technologies, including potentially hydrogen, to emerge. Such policy support measures are already in
place in various forms in many countries and can range from anything from policies to reduce CO,
emissions from the transport sector, to a comprehensive hydrogen vehicle development plan
implemented by the government.

One type of policy signal that can be used is the development of a long-term strategy, or in some
cases a dedicated hydrogen strategy, which provides a clear indication of the approach taken by the
relevant authorities. If suitably designed, this can give both industry and investors the confidence to
develop the technology and that the potential market will be supported by the government. Such a
strategy can be strengthened if it is driven by clear targets that define what the authorities hope to
achieve and by when.

Several countries and states already have long-term hydrogen strategies in place which specify how a
hydrogen transport system will be developed. California is one such example where the government
has provided a clear plan and has invested a substantial amount of resources into hydrogen R&D.
The strategy was finalised in 2004 when Governor Arnold Schwarzenegger announced his vision for
the California Hydrogen Highway Network and signed an executive order outlining that vision. The
order stressed California’s commitment to achieving a clean energy and transportation future
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specifically based on the rapid commercialization of hydrogen and fuel cell technologies. The ultimate
goal of this plan is that by 2010 every Californian will have access to hgydrogen fuel, with a significant
and increasing percentage produced from clean, renewable sources.®

A clearly defined hydrogen co-ordination plan is another mechanism which could help promote
hydrogen transport development by ensuring that any hydrogen activities are monitored, publicised,
and effectively co-ordinated. Co-ordination in the UK could take a number of forms ranging from one
person who acts as supervisor for all hydrogen projects, to a larger hydrogen department which works
to co-ordinate across Government and industry on issues relating to hydrogen. [While the Low Carbon
Vehicles Innovation Platform launched in 2007 provides a focal point for the development of low
carbon vehicle technologies, which includes hydrogen, it does not deliver the proactive coordination
that we believe is required.

The concept of a Hydrogen Coordination Unit (HCU)** has been proposed and was generally thought
to be a good idea by stakeholders consulted during this project. One of the key roles envisaged for
such a unit would be to ensure that hydrogen work was not being repeated across the UK and that the
UK hydrogen interests were well represented internationally. Alternatively, there may not be a need to
create a stand-alone unit because the role of ‘co-ordinator’ could be fulfilled by an existing
organisation such as the LowCVP, the Carbon Trust or perhaps Cenex. Another suggestion was for a
single policy advisor across all departments to ensure they each have a clear and consistent line;
currently there is a lack of ownership for hydrogen-related issues within government. Such an
individual, they suggested, could perhaps operate in cooperation with a HCU.

4.3 Education

Hydrogen is different from conventional fuels and as such comes with its own characteristics which
must be understood to ensure its development is handled effectively. For this reason, education on the
risks and characteristics of hydrogen as a transport fuel is an important mechanism for overcoming
planning barriers, easing the approval process of refuelling stations, and generally gaining public
acceptance of hydrogen vehicles.

Throughout the development of hydrogen for transport applications, there have been examples where
a lack of knowledge of hydrogen, both in terms of its potential as well as risks, were at least partly to
blame for hesitancy in investment or delay of planning permissions. Stakeholders consulted during
this project generally felt that knowledge of hydrogen could be improved in all areas of society from
the users (public) though to the institutions (government).

Improving the public’s understanding of hydrogen proved an important mechanism when the
Hornchurch refuelling station in East London was being built as part of the Clean Urban Transport for
Europe (CUTE) programme. Initially local residents ob;ected to the construction of the station which
was rejected by the local council over safety concerns.® Several of the stakeholders commented that
better engagement with the local authorities and community would have averted these difficulties. Itis
worth noting that in this case the community objected to the construction of the refuelling station in
general, rather than the construction of a hydrogen refuelling station in particular. Despite these
objections, once the community was consulted the Hornchurch station was constructed and run
successfully for the duration of the CUTE programme.

Situations such as this are good examples of how effective public consultation and education are
important mechanisms for facilitating the development of hydrogen infrastructure. Stakeholders also
suggested that publicising existing hydrogen demonstration projects is a good way to raise the profile
of hydrogen vehicles and help the public to be aware of the new technologies.

33 california Hydrogen Highway website: http:/hydrogenhighway.ca.gov/.

34 First mention of a HCU was in UK Hydrogen Energy Strategic Framework - Analysis (December 2004), by E4tech, Element Energy and Eoin
Lees Energy.

3 http://news.bbc.co.uk/1/hi/england/essex/4030265.stm
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4.4 Research and development to improve hydrogen
infrastructure technology

Research and development into improved hydrogen production technology is an important mechanism
for addressing the technical barriers to hydrogen production and eventually reducing the costs of
hydrogen production. There is considerable R&D taking place now, in particular to improve the ability
to produce hydrogen without CO, emissions.

In the US, there are currently a number of small-scale projects to explore and demonstrate the
production of hydrogen from renewables. A number of larger projects are also underway to develop
hydrogen production using gasification of coal with carbon capture and storage. The Department of
Energy (DOE), through its National Energy Technology Laboratory, has committed to developing
hydrogen production from coal. This work is supported by the FutureGen project, a $1 billion, 10-year
government/ industry partnership to build the first coal-based, zero emissions electricity and hydrogen
production facility. This facility is intended as a test bed for new technologies that would improve the
efficiency and cost-effectiveness of individual steps in the overall production system.** There is
additional research as well to investigate using a renewable biomass source such as feedstock to
produce hydrogen without CO, sequestration in a nearly carbon-neutral system or, with CO,
sequestration, in a carbon-consuming system.

Industry and large energy companies are also investing significant amounts of money into hydrogen
production R&D. In May 2007, BP and Rio Tinto announced the formation of a new jointly-owned
company, Hydrogen Energy, which will develop decarbonised energy projects around the world. The
venture will initially focus on hydrogen-fuelled power generation, using fossil fuels and carbon capture
and storage (CCS) technology to produce new large-scale supplies of clean electricity. There are two
planned hydrogen production facilities, one in Carson, California which BP hope to have operational
by 2012 and the other in Kwinana, Western Australia due to be operational two years later. Petroleum
coke will be used to generate the hydrogen at the Carson plant with the CO, produced stored in
California's ail fields, whilst the Kwinana plant will be fuelled by coal with CO, produced stored below
the seabed in saline formations.*’”

European projects within the European Commission’s sixth (FP6) and seventh Research Framework
Programmes (FP7) and also the European Hydrogen and Fuel Cell Technology Platform are
supporting the research and development efforts into new hydrogen production methods. In 2004 a
pre-feasibility study in Hydrogen and Power Generation (Hypogen) was funded under FP6 to achieve
the following:

Provide an overview of the technological options and financial, regulatory other barriers;
Shed some light on key issues of the programme, making a preliminary evaluation of its feasibility;
Provide options and make preliminary recommendations.

In addition to the R&D efforts that are currently underway with regard to hydrogen production,
additional areas of research were identified in a recent report by the Federal Ministry of Economics
and Labour in Germany (2005). These R&D requirements are summarised in the table overleaf.

36 http://www.ca.sandia.gov/hydrogen/research/production/coalGasification.html.
37 http://www. hydrogenenergy.com/
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Table 3.1: The Need for R&D in Hydrogen Production

Process Need for R&D
Electrolysis - higher pressure levels
high-pressure electrolysis . integrated concepts
high-temperature electrolysis . materials, catalysts
efficiencies
Steam reforming - small reformers
H, quality

materials, catalysts
behaviour at partial load

Coal gasification and partial oxidation

Biomass gasification - process optimisation
materials
H, quality

Kvaerner process

Other processes - basic research
thermochemical production
photochemical processes
biological processes

Source: German Federal Ministry of Economics and Labour (2005)

4.5 Research and development to improve vehicle
technology

As mentioned in the previous chapter, there are a number of technical barriers in hydrogen vehicles
that need to be addressed before hydrogen vehicles have the same technical capabilities as a
conventional vehicle. Focussed R&D to address these technical barriers could prove a valuable
mechanism for making hydrogen vehicles commercially viable and competitive with other alternative
fuel vehicles.

This mechanism is slightly different from the others in that industry plays a more important role in
providing R&D funding than government does. Vehicle manufacturers are currently investing a large
amount of money into hydrogen vehicle development. Honda and Toyota, in particular, are investing
substantial amounts of money in the development of hydrogen vehicles and are leasing them to the
government in California as part of the demonstration activities there. Honda’s vehicles are leased to
the government for about $500 a month® which covers all insurance and maintenance costs as well.

There is currently some vehicle R&D ongoing in the UK, although it is focussed more specifically on
fuel cell research. For example, the Supergen fuel cells programme which is managed and led by the
Research Councils, has been providing funding of £2.2 million from 2005 — 2009 to contribute to work
on high temperature Polymer Electrolyte Membrane (PEM) fuel cells.*® Projects such as this could be
important mechanisms for facilitating vehicle development in the UK and could help develop areas of
expertise in which the UK could progress.

38 http://www. heatisonline.org/contentserver/objecthandlers/index.cfm?id=4165&method=full
39 E4Tech Report (2007).
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4.6 Planning the locations of hydrogen refuelling
infrastructure

Considerable work is being done in other countries such as the US to determine the best locations for
hydrogen refuelling stations. In areas such as California where there is considerable investment in
refuelling infrastructure, it is important that the refuelling stations are placed in the best locations to
maximise the accessibility to drivers so that the lack of refuelling infrastructure is not a major barrier to
the uptake of hydrogen vehicles. Whilst this work is perhaps less relevant to the UK at the moment
due to the low number of hydrogen vehicles being used, it is an indication of the work that will need to
be done in the future if the hydrogen programme is expanded in the UK.

4.7 More and better demonstration projects

Demonstration projects are a crucial mechanism for furthering the use of new technologies in real-
world environments and improving the understanding of those technologies. Hydrogen infrastructure
and hydrogen vehicles are no exception and are currently benefiting from ongoing demonstration
activities around the world. The importance of such demonstration was highlighted by stakeholders,
who underlined the possibility of addressing the issues of acceptability, low public awareness, and
identifying the correct specifications for the necessary codes and standards through demonstration
projects. There was a general feeling amongst stakeholders that there needs to be more hydrogen
demonstration activities in general, and projects in the UK in particular in order to test hydrogen
technology here so that UK industry can potentially benefit from such projects.

In addition to increasing the number of demonstration projects, coordination of such projects is also an
important mechanism for gaining the maximum benefit from the demonstration. Demonstration
projects can often be very expensive, so effective co-ordination and publicity are essential to gain the
maximum amount of learning as a result of the project and to ensure the public is aware of the
activities. Demonstrations currently offer one of the few means for future users/the public to ‘see’
hydrogen and it is essential for long-term acceptability that projects are well publicised.

Demonstration projects have the potential to be more successful mechanisms if they are structured in
such a way so that the results are useful and relevant to the long-term hydrogen vision. One of the
German stakeholders emphasised there is no point running demonstrations simply for the sake of it
and new infrastructure demonstration projects should be designed with a view to eventually
incorporating it into a commercial operation. It was noted that the UK may be at a disadvantage when
it comes to attracting interest in running demonstration projects due to the lack of hydrogen R&D
centres in the UK.

There are a number of (successful) demonstrations now taking place internationally including the
Clean Energy Partnership (CEP) in Germany, the Hydrogen Highway in California and the JHFC* in
Japan. Each of these is explained further in the reviews of these countries’ hydrogen activities in
Chapter 5. Itis worth mentioning, however, that one of the key reasons highlighted by European
stakeholders for the success of the large German projects such as CEP is industry involvement and
the establishment of public-private partnerships.

4.8 Financial supporting mechanisms

Most of the technologies associated with hydrogen transport are currently more expensive in
comparison to the incumbent technologies. For this reason, financial incentives provide an important
mechanism to help overcome these high costs. There was not really a consensus among
stakeholders as to which kinds of financial mechanisms might be most successful, but a range of
possible fiscal measures are available, some of which are already in use in the UK. For example, the
government already offers Enhanced Capital Allowances for fuelling infrastructure investment and

% Japan Hydrogen and Fuel Cell (Demonstration project)
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hydrogen fuel is exempt of fuel duty ‘for a period’.** In addition, funding is provided for hydrogen and
fuel cell research and demonstration projects such as the recent CUTE bus programme.

Financial measures do not have to necessarily provide very large amounts of funding for hydrogen
R&D or demonstration projects, but can instead be effective by providing a signal that there is
committed Government support for the development of hydrogen for transport applications. During
this consultation, the industry stakeholders expressed a desire to see a long-term commitment to
financial measures to support hydrogen in the UK and felt that this would help to address the
economic barriers associated with developing hydrogen infrastructure. Financial incentives also do
not have to be specific to hydrogen — for example, the California Air Resources Board is currently
developing a joint plan with the California Energy Commission to spend $25 million for the purposes of
incentivising the use and production of alternative fuels. Whilst it is clear that there are already a
number of funding mechanisms available in the UK that support the development of new low-carbon
energy technologies (including hydrogen) and the necessary infrastructure required to deploy such
technologies, the Government has itself acknowledged that the current levels of funding for these
technologies are too low, and the funding is too fragmented. Other countries gave benefited from
higher levels of national or regional funding for hydrogen research and demonstration projects, and
from much stronger Government co-ordination of hydrogen R, D&D activities. This issue is discussed
in more detail in the subsequent chapters of this report.

In addition to funding for hydrogen projects or technologies, there are other financial incentives that
could be introduced that could prove effective at encouraging the long-term up-take of hydrogen
vehicles. For example, it may be useful to set a more defined, and relatively long period for which a
zero duty rate will be applied to hydrogen fuel. In the short term, this is unlikely to lead to significant
increases in vehicle and infrastructure uptake, it would send a more positive signal to industry than at
present and over time as the technology becomes more mature, this measure would help to increase
the rate of uptake.

Another option that may be worth investigation is to examine whether there is also scope for relaxing
the rules on state aid funding of emerging energy technologies. At the moment applied R&D and
demonstration projects must have an element of matched funding from participants from industry.
Relaxing this requirement could provide a significant boost to the support of new technologies like
hydrogen fuel cells and infrastructure across the whole of the EU.

Joint procurement was mentioned by a number of stakeholders as a financial mechanism which could
help achieve the critical numbers required to overcome high start-up costs and stimulate production of
hydrogen vehicles. A good example of where this can work is the collaboration between London and
cities from around the world referred to as the ‘C20’ group of cities (now C40)** of which Ken
Livingstone and the Greater London Authority have been instrumental in establishing.

Public-private partnerships also offer a mechanism for helping to reduce the research costs of
hydrogen projects. For example, the Joint Technology Initiatives (JTI) are a major element of the EU’s
Seventh Research Framework Programme which help facilitate new public-private partnerships in
novel areas of research and technological development. There are a number of different JTIs covering
a wide range of different topic areas, including the fields of embedded systems and Innovative
Medicines.*® The JTI on Hydrogen and Fuel Cells is an EC funding programme designed to deliver
robust hydrogen and fuel cell technologies developed to the point of commercial takeoff in 2015, with
a view to large-scale mass market roll-out by 2020. The formal launch of the JTI and operational start
is set for January 2008.* Itis recognised that in the UK, public-private partnerships will be used to
fund the development of low carbon energy technologies (including hydrogen) through the new Energy
Technologies Institute. This is discussed in more detail in Chapter 4.

4.9 Codes and standards relating to the use of hydr  ogen

Developing hydrogen-specific codes and standards could prove an important mechanism for
promoting hydrogen in the future. At this early stage of hydrogen development in the UK, it seems
that the lack of hydrogen-specific codes and standards is not as much of a barrier as previously

41
DTI (2003)
“2 http://www.london.gov. uk/mayor/environment/climate-summit/2007/mayor-speech-20070515.isp
“3 http://europa.eu/rapid/pressReleasesAction.do?reference=MEMO/07/191
44 https://www.hfpeurope. org/hfp/jti

AEA Energy & Environment 29



Removing the economic and institutional barriers to a hydrogen future AEA/ED05257/R02/1ssue 2

thought at the beginning of this project. However, for the widespread or even small scale commercial
use of hydrogen infrastructure and vehicles, the necessary support regulations will need to be in
place. There is work being done internationally to develop and harmonise codes and standards in the
hope of anticipating and minimising possible barriers in this area. Such projects include:

Hyapproval — An EU project to produce a Hydrogen Refuelling Station Handbook to help overcome
barriers of approving hydrogen fuel stations;*

Global technical regulation®® and an EU technical regulation due to be completed in Autumn 2008
(DG Enterprise) for hydrogen vehicles.

One stakeholder thought Japan provides the best example of a clear approach to reviewing and
amending codes and standards. The first phase of their hydrogen programme involved a review and
amendment of legal frameworks in order to develop standards of practice for hydrogen vehicles and
infrastructure. This work will be covered in more detail in the Japan case study section. In the UK the
Health and Safety Laboratory is leading research in this area and also undertaking a research project
on this topic as part of the DfT Horizons programme.*’

3 http://www. hyapproval.org/
a6 Hydrogen Fuel Cell Vehicle GTR Action Plan (2007)
*7 http://www. hsl.gov. uk/capabilities/hydrogen. htm
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5 Current approaches to supporting hydrogen
in the UK and abroad

5.1 Overview

This section provides details of the support mechanisms that are in place in the UK and in selected
other countries or geographical areas around the world. In particular, descriptions of the policy signals
and financial instruments that encourage the uptake of hydrogen infrastructure and vehicle
technologies are described, with the following areas covered in addition to the UK:

Germany
California (USA)
Japan

5.2 United Kingdom

5.2.1 Hydrogen policy and motivation

The main drivers behind the UK’s interest in developing hydrogen technologies for the transport sector
are as follows:

The potential for reductions in CO, emissions from transport

The potential for improving energy security by reducing the reliance of the transport sector on
fossil fuels obtained from unstable regions of the world

However, whilst it is clear that there is some interest in hydrogen from these perspectives, the UK
Government has, to date, taken a technology-neutral stance that does not favour hydrogen over other
potential low carbon technologies. This can be seen most clearly from the range of policy and
financial supporting measures available in the UK, which tend to apply to a range of different low
carbon technology options (see Section 5.2.2).

5.2.2 R&D funding for hydrogen production and stora ge technologies

There are a number of current UK poalicies and programmes that support the development of hydrogen
production and infrastructure technologies. Funding is available from various research councils as
well as from the DTI and other Government Departments. A brief summary of the mechanisms that
currently support the research, development, demonstration, and deployment of hydrogen
infrastructure technologies in the UK is given below.

DTI Technology Programme.  This programme focuses on areas of innovation for which there is a
strong market demand. Emerging energy technologies is one of the themes supported by the
Technology Programme, and since 2005, support for industrial collaborative R&D focused on fuel cells
and hydrogen technologies has been available. Up to £3 million per year is available from the
programme to support hydrogen technologies, with the aim of reducing costs and improving
performance, thereby helping to move towards commercialisation.

Research Council funding.  The Engineering and Physical Sciences Research Council (EPSRC) has
provided more than £3 million (over a four-year period) to UKSHEC for projects focused on biological
hydrogen production, hydrogen storage technologies, and socio-economic research relating to
hydrogen. EPSRC has provided a further £1.5 million over three years to support the development of
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hydrogen storage technologies, whilst approximately £1 million of research council funding has been
made available to support fossil fuel based hydrogen production technologies.

Centre of Excellence in Low Carbon Technologies (Ce  nex). Cenex has a remit to help UK
industry gain a competitive advantage from the global shift to a low carbon economy. It does this via
two mechanisms: firstly, it provides a Knowledge Transfer Network (KTN) for fuel cells and low carbon
technologies, providing organisations with an interest in low carbon technologies with up-to-date
information. The KTN is funded through the DTI Technology Programme. Cenex also acts as a
broker to help set up technology demonstration projects. Government funds of £6.5 million have been
provided to help set up and operate Cenex.

5.2.3 Funding for demonstration activities

There are a number of different funding streams available that support hydrogen demonstration
activities across the UK, although it has been noted in previous research that there is poor co-
coordination between different funding streams and demonstration projects.

EST Refuelling and recharging infrastructure progra mme. This programme has the aim of
increasing the infrastructure of alternative fuel refuelling stations for road vehicles. In particular, this
programme can be used to provide funding support for hydrogen, electric, bio-ethanol, natural gas or
biogas stations. The purpose of the programme is to reduce air pollutant and greenhouse gas impacts
by encouraging the uptake of alternatively fuelled vehicles. The funding is provided by the
Department for Transport with additional support from the Scottish Executive; in 2005/06 the total
grant budget available was £690,000.

DTI Hydrogen, Fuel Cells and Carbon Abatement Techn  ologies Programme. This programme is
aimed at helping to achieve cost-competitive reductions in carbon emissions, and increased security
of energy supply by supporting the demonstration of new low carbon energy technologies. The
purpose of this programme is to improve operational experience and gather data from the use of these
new technologies to facilitate their commercialisation. The project is due to run for four years with
£15m of the £50m total budget dedicated to fuel cell and/or hydrogen technologies.*®

Enhanced Capital Allowances. ECAs enable businesses to claim 100% first-year capital allowances
for expenditure on new refuelling equipment for hydrogen refuelling stations.

Welsh Assembly Government (Business & Economy Depar ~ tment) Hydrogen Valley project.
This project was set up in 2001 and provides funding to companies with expertise in the following
areas:

hydrogen production

hydrogen storage and distribution

fuel cells

hydrogen internal combustion engines

electric vehicles and batteries

The aim of the Hydrogen Valley Project is to make Wales a showcase for hydrogen and to help speed
up the deployment of hydrogen vehicles and projects in Wales.

5.2.4 Funding for commercial use of hydrogen techno logies
100% duty exemption for hydrogen.  The Government has exempted the use of hydrogen for

transport applications in demonstration projects from fuel duty*® “for a limited period” to help stimulate
the development of hydrogen technologies and to encourage uptake.

8 http://www. hfccat-demo.org/
49 DTI (2003)
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5.2.5 UK involvement in European activities

At the European level, the UK is also participating in various hydrogen programmes, such as HyWays
which is helping Member States develop their ambitions for hydrogen. As part of this project, each
member state involved has had to develop a vision of a possible hydrogen future. The UK vision
appears to be the first attempt by UK Government to set out how it perceives hydrogen contributing to
the UK in future.®® The vision recognises the UK currently lacks significant (economic) drivers beyond
public good benefits (reduced pollution). This can be contrasted with other countries where hydrogen
is being pursued, notably Germany and Japan, where a hydrogen economy is perceived as offering
significant benefit for the car manufacturing industry. Whilst the HyWays vision points out that
hydrogen is no magic bullet, it does present a number of potential opportunities for the UK in particular
for fuel cell developments where the UK has significant strength and expertise. Furthermore, the vision
recommends a focus on demand-side activities which is certainly supported by the UK hydrogen
industry.>* The vision sets out the role of hydrogen as an energy sector by 2050 and expects
significant CO, reductions and enhanced security of supply will be offered through the use of hydrogen
by 2030. There are no targets associated with these dates such as a number of anticipated vehicles or
fuelling stations installed.

5.2.6  Future support mechanisms — Energy Technologi  es Institute

It has been acknowledged by the Government® and in a number of previous reports including the
Chief Scientific Advisor's Energy Research Review and the Committee of Science and Technology
Energy Report that funding for energy innovation in the UK is too low compared to other countries,

and too fragmented, with too many different bodies providing funds, and a range of different advisory
groups. The Energy Research Partnership, a public-private partnership between the key funders of
energy research, development, demonstration and deployment in Government, industry and academia
has identified that a number of key issues need to be addressed. These are as follows>%:

creation of a strong energy innovation process which ensures development and deployment of
a diverse range of technologies utilising a diverse range of energy sources;

identification of appropriate targeted support mechanisms to ensure that new technologies
make faster progress through this innovation chain;

gaps in the innovation process with respect to the development of specific “supply side”,
“demand side” and “support infrastructure” technologies.

In order to provide a new level of focus to the development of low carbon energy technologies, in 2006
the Government announced that a new Energy Technologies Institute (ETI) would be developed and
funded in conjunction with industry. The key aim of the ETI is to “accelerate the development of
secure, reliable and cost-effective low-carbon energy technologies towards commercial deploymen
A number of key themes are highlighted in the ETI prospectus, three of which may be particularly
relevant to providing support for the development of the necessary hydrogen infrastructure for
transport applications. These themes are as follows:

t #53

Theme 2: Energy security of supply (Objective: to develop technologies to improve efficiency
of power generation and to develop sustainable approaches to reducing emissions from
existing fossil fuel technologies).

Theme 4: Transport (Objective: To develop sustainable transport fuels and transport
management technologies).

Theme 6: Support infrastructure. (Objective: To develop new and emerging distributed energy
supply options using smaller scale technologies that utilise locally available energy sources.)

It is planned for the ETI to be fully operational by 2008 with funding in the region of £100m per annum
by 2008/9; 50% of the funding will be provided by the Department for Business Enterprise and
Regulatory Reform, with the remaining 50% provided by industry partners, including BP, Shell, Eon

°% http://www. hyways.de/index. html

5L http://www. ukha.org/policy/policyPaper_adopted.pdf

*2 http://www. berr.gov. uk/files/file34029.doc

53 http://www.dti.gov.uk/science/science-funding/eti/index. html
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etc. This will equate to a minimum budget of around £600 million over the next decade with the DfT
contributing £5 million per annum to the low carbon transport element.> It is recognised in the
literature that the ETI may infringe state aid rules and this issue will need to be resolved before the ETI
is finalised.

5.2.7 Summary

It is apparent from the review of activities in the UK that funding directed at low carbon transport
generally and hydrogen specifically looks set to increase in the UK. The new policies and expanded
funding address some of the issues raised by stakeholders during this project. However, there is
arguably still a lack of a long-term, clear and consistent policy framework in the UK to allow low carbon
technologies, including hydrogen, to emerge as they become viable and feasible. Meanwhile, the
effectiveness of some of the existing policies has been questioned by stakeholders who felt that with
without a longer-term commitment, measures such as the zero tax (the only time indication is that the
support will be offered ‘for a period’) are unlikely on their own to stimulate long-term investment in the
development of hydrogen technology.

In order to consider the UK approach to hydrogen development in a global context, the remainder of
this section will now consider in detail three of the countries leading in the development of hydrogen-
fuelled transport systems: Germany, Japan and California in the USA. These were chosen because
the literature suggests these countries/regions are the most advanced in terms of hydrogen transport
development and ambitions. The variety of approaches these countries have taken to hydrogen
development can provide useful information to the UK policy makers on what may be achieved. It
should be noted that much is taking place internationally in terms of developing hydrogen technologies
for transport applications. Some of the other countries involved include Iceland which hopes to be
completely hydrogen based by 2050,% Canada which is heavily involved in demonstrations,* and
Scandinavia which aims to be the first European region offering sufficient infrastructure to facilitate
commercial viability of hydrogen as vehicle fuel.”’

5.3 Germany

The German economy is the largest in Europe and the third largest in the world (behind US and
Japan, two of the other leading nations when it comes to hydrogen, see other case studies). The
economy is driven primarily by production and export of in particular, machinery, automobiles and
chemical goods, whilst it is also the largest exporter of wind turbines. In addition, with a population
approaching 83 million, Germany also has a large domestic market to supply these goods to. In 2002
Germany was the world’s fifth largest consumer of energy, and two-thirds of its primary energy was
imported. Government policy promotes energy conservation and the development of renewable
energy sources and the Government has set the target of obtaining 50% of its energy from
renewables by 2050.%®

5.3.1 Hydrogen policy and motivation

The German Environment Minster recently stated that the German government believes hydrogen is
the fuel of the future® and the German HyWays stakeholders view that the most promising application
for hydrogen in transport as being cars and regional vehicle fleets using hydrogen in fuel cells.®® This
suggests Germany plans to make hydrogen central to their future transport systems although exactly
when this will happen remains uncertain. For example one report for the Ministry of Economics and
Technology (BMWi) concluded that hydrogen will not play a significant role until after 2030.%

Many of the drivers for a hydrogen economy in Germany are common to those in other countries and
include energy (fuel) security, climate change commitments and local air quality concerns. A good
review of German hydrogen policy and motivations was provided by the Hydrogen Strategy Group

54 Energy White Paper (2007).

%5 http://www. ectos.is/en/icelandic _new_energy/

56 http://www.nrcan.gc.cal/es/etb/ctfca/ProjectDesc_e.html

57 http://www.scandinavianhydrogen. org/scandinavianhydrogen/

%8 http://www.infoplease.com/ipa/A0107568.html

%9 Gabriel, S (2007)

€0 http://www. hyways. de/docs/Brochures_and Flyers/HyWays External Document 02FEB2006.pdf
&1 BMWi (2005)
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(HSG) on behalf of the BMWi. Many countries developing hydrogen (technologies and infrastructures)
cite climate change and energy security as primary drivers of their interest in hydrogen. Whilst these
are also recognised as drivers in Germany’s case, the HSG report suggests the energy security driver
has largely resulted from the government’s decision to opt out of nuclear as a fuel source effectively
limiting their options and forcing a more proactive search for alternative energy sources. Related to
this Germany has a large wind capacity (over 20000MW capacity making it the largest in Europe®),
which is important when bearing in mind that hydrogen as an energy carrier is only as clean as the
energy used to produce it. According to the HSG, Germany sees hydrogen as a complementary
element of a renewable energy sector and one which can help achieve its decarbonisation ambitions
in the longer term. Finally, the HSG believes that being able to develop hydrogen products now wiill
gain early mover advantage for Germany and its industry over their international competitors.

5.3.2 Funding

Across Europe, Germany has contributed the highest government and state funding for hydrogen and
fuel cell research historically, estimated to be 72 M in 2005, compared to the UK with 30 M (EC,
2006%). A comparison across some of the leading countries supporting hydrogen is given below.

Figure 4.1: Annual Hydrogen and Fuel Cell Fundinga  cross Europe, US and Japan (EC 2006)

Looking forward, support for hydrogen will remain. As part of its National Hydrogen and Fuel Cell
Technology Innovation Programme (NIP) the Federal government is committing 500 M, with similar
contributions from the private sector providing around 1 billion over the next 10 years.®* In addition to
supporting continued R&D activities, a key recipient of this funding will be the expansion of the Clean
Energy Partnership in Berlin (see below).

5.3.3 North-Rhine-Westphalia State — A Hydrogen pio  neer?

Fuel cell and hydrogen related activities in Germany are predominantly located in the southern and
western more industrialized states (Geiger, 2003). Of all the German states North-Rhine-Westphalia
(Nordrhein-Westfalen, NRW) might stake a claim as Germany'’s leader in terms of hydrogen and FC
development. One of the strategic advantages of NRW in terms of hydrogen infrastructure is the
pipeline network connecting the State’s chemical plants that were installed in the 1930s (Koch,
2007%). NRW has plans to use its vast resource of ‘waste’ hydrogen produced as result of chemical
industry in the area.

According to the FCHN website®® more than 60 fuel cell and hydrogen technology projects have been
supported in Germany by approximately 60 million of State funding through the so-called REN

2 EWEA (2007)

&3 EC (2006)

&4 http://www.bmvbs.de/en/artikel-,1872.960602/ National-Hydrogen-and-Fuel-Cel.htm
% Koch, (2006)

% Fuel Cell and Hydrogen Network.
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programme®’ with 11 projects co-financed by the European Commission. One recent scheme cited in
last year's market survey report by Fuel Cell Today®® describes the recent introduction a mobile
hydrogen refuelling unit in NRW with which it is possible to refuel with both liquid and gaseous
hydrogen. The unit was used during the 2006 Football World Cup to refuel hydrogen powered vehicles
used at several match locations. The State of NRW provided 450,000 to fund the scheme (Crawley,
2006). The high profile nature of initiatives like this can help speed up the acceptance of the
technolgggy. NRW is also one of the 5 European regions chosen for inclusion in the HYCHAIN

project.

5.3.4 Co-ordination

A common message from the interviews with stakeholders involved in German hydrogen activities is
that a key reason for the success of many of the German projects is the effective use of public-private
partnerships. There appears to be good partnership working across industry and government
departments to promote hydrogen for transport in Germany. For example the national Hydrogen
Strategy Group, set up to review prospects for Hydrogen in Germany, was comprised of experts from
industry and science as well as representatives of the relevant federal and state ministries, with a view
to strengthening national and international R&D cooperation. The group’s work is being continued by
The National Coordination Office Julich for Hydrogen and Fuel Cells (NKJ) which was launched in
September 2004 to serve as an interface of national, European and international hydrogen and fuel
cell activities.” It is currently being funded by BMWi and the Ministry of Economic Affairs and Energy
of the State of North Rhine-Westphalia. The NKJ also runs the secretariat for HYBERT, the Strategy
Council for Hydrogen and Fuel Cells in Germany. HYBERT was launched in February 2005 and aims
at consensus building in the area of fuel cell and hydrogen technology between the industry, the
research community and the government.”* Meanwhile the Transport Energy Strategy (TES) is a
motor vehicle manufacturer and energy supply company alliance with the Federal Ministry of
Transport, Building and Housing (BMVBW) which investigates large-scale alternative fuel use.
According to Geiger (2003), the TES found that hydrogen offered the most promising fuel in the long
term. Germany also is joint chair (with Iceland) of the International Partnership for the Hydrogen-
Economy (IPHE), whilst the State of NRW is also represented on the committee.”

5.3.5 Hydrogen activities in Germany

In 2002 an international collaboration was formed with a vision to assess the technological potential of
hydrogen as a source of energy, conducting tests to assess operational suitability as a transport fuel.
The Clean Energy Partnership (CEP) is a collaboration between industry and the German Federal
Government which through their “Sustainable Energy Strategy for Germany” invested a total of 33
million in the CEP. The culmination of their work was the opening of two hydrogen fuelling stations in
Berlin, offering both locally-produced gaseous hydrogen as well as liquid hydrogen delivered and
stored on site. The CEP has a number of aims:

Test technical and operational viability of infrastructure

Test variety of hydrogen and FC vehicle types totalling 17 cars

Investigate codes and standards required to create a new fuel infrastructure
Assess usability of system by using real customers to drive vehicles. ”®

The CEP project is due to be evaluated in 2007, though the project appears to have progressed
without any problems to date. Indeed, a report from the European Commission’s DG Research
proclaimed that the CEP: “can be considered a “lighthouse” project as it involves large-scale
demonstration of fuel cell-powered cars, facilitates technology improvement and infrastructure
development and helps to increase public awareness and acceptance of the technology.” With the
new funding allocation indicated in the recent NIP, the CEP demonstration looks likely to be expanded

" REN Programme — Rational Use of Energy and the Use of Renewable Energy Sources. Created in 1997 by the state of NRW to fund ‘energy’
Egrojects in the region.
Crawley, G (2006)
59 http://www. hychain.org/index.isp
7 http://www. nkj-ptj.de/NKJ-HomeEN/
"L http://www. nki-ptj.de/datapool/page/2/nkiflyereng070206.pdf
"2 BMWA (2005)
3 CEP (2006).
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significantly with one stakeholder interviewed for this project suggesting numbers of between 200-300
vehicles.

The Zero Region project is an integrated project co-financed by the EU’s 6th FP through the European
Hydrogen and Fuel Cell Technology Platform (HFP). The project involves construction and
demonstration of hydrogen infrastructure in two European regions one of which is in the German state
of Hessen. The state’s first public hydrogen refuelling station opened in Hoechst near Frankfurt in
November 2006 drawing hydrogen from a nearby chemical plant via a 2km pipeline.”™

5.4 USA: California

From the Gold Rush days to the rapid growth of the Internet at the beginning of the 21st century,
California's history has been one of constant change and growth. It has been the birthplace of many of
the world's social trends as well as many significant technological innovations.

In 2006, the estimated population of California was over 37 million people, making it the most
populated state in the US. California’s gross state product is also the largest in the nation at over $1.6
trillion. The largest industry by far is agriculture, which includes dairy, wine, fruit and vegetables.
Other significant industries include aerospace, entertainment, and the manufacturing of computer
hardware and software. The car industry also has a significant presence in California, perhaps in part
a result of the large, car-driving population.”

One unfortunate characteristic of California is its reputation for traffic jams and insufficient public
transportation. The rapidly growing population of the state is straining all of its transportation
networks. A regularly recurring issue in California politics is whether the state should continue to
expand its highway network or concentrate on improving public transport networks in urban areas.

Another issue that California struggles with is poor air quality. In 1990, the California Air Resources
Board (CARB) recognised that California would not be able to clean up its serious air pollution
problem unless it put cleaner cars on the road. CARB established the Zero Emission Vehicle (ZEV)
programme in 1990 to meet health-based air quality goals.” The ZEV programme has proven to be
very contentious and has drawn complaints from the car industry ever since it was introduced.

Despite these complaints, the ZEV program has been very effective in pushing the development of
less-polluting automotive technologies. There have been significant advances in the development of
hybrid vehicles and work continues on the development of hydrogen fuel cell vehicles. The
development of zero emission vehicles has also prompted car manufacturers to develop much less
polluting petrol-powered vehicles.”

5.4.1 Hydrogen timeline and motivation

With regard to hydrogen specifically, California is one of the world leaders in the development of a
hydrogen transport network. Considerable work has been done in the state, in particular since 2004
when Governor Arnold Schwarzenegger announced his plan for the California Hydrogen Highway.
The timeline below gives a summary of the recent hydrogen and fuel cell development activities in
California.

" http://www. zeroregio.de/front_content.php?idcat=185
'S State of California website. http:/www.ca.gov/
78 http://www. ucsusa.org/clean vehicles/cars pickups_suvs/californias-zero-emission-vehicle-zev-program.html

" Ibid.
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Figure 4.2: Timeline of Hydrogen Projects in Califo  mia

The motivation behind this work in California is interesting and differs substantially from the motivation
behind European hydrogen projects. The two dominant reasons given for developing a hydrogen
transport network in California seem to be 1) to improve energy security and 2) to improve air quality.
Another important motivation for the hydrogen work ongoing is technological advancement and
innovation. California is the centre for a significant amount of scientific research and strives to be one
of the leaders in the development of new technologies, including fuel cell and hydrogen technologies.
Climate change seems to be of secondary importance to the work in California; the desire to reduce
greenhouse gas emissions by using alternative fuels such hydrogen is mentioned in many documents,
but air quality and energy security are mentioned more often.

This motivation is confirmed in Governor Arnold Schwarzenegger’s California Hydrogen Highway
Network Action Plan, presented out in 2004 which states:

“California is facing major challenges in the areas of air pollution, public health, energy security,
and national security as a result of our over-dependence on petroleum fuels. One in six children
in the State’s most polluted regions suffer from asthma, and over three-quarters of the State do
not meet national primary or secondary ambient air quality standards. ... A solution to these
problems is to begin building a bridge to a cleaner, more secure and more sustainable
transportation and energy future. The goal of the California Hydrogen Highway Network initiative
is to support and catalyze a rapid transition to a clean, hydrogen transportation economy in
California, thereby reducing our dependence on foreign oil, and protecting our citizens from
health harms related to vehicle emissions. We have an opportunity to deal with these problems
by investing in California's ability to innovate our way to a clean hydrogen future, thus bringing
jobs, investment, and continued economic prosperity to California. We have an opportunity to
prove to the world that a thriving environment and economy can co-exist.” '8

This attitude is in line with the overall motivation for hydrogen and fuel cell work in the US, where
energy security is usually stated as the main goal. In President Bush’s state of the union address in
2004, climate change and greenhouse gas emissions were not explicitly mentioned when he pledged
$1.2 hillion for hydrogen research. Instead, Bush said his goals are “to promote energy independence
for our country, while dramatically improving the environment ... In this century, the greatest
environmental progress will come about not through endless lawsuits or command-and-control
regulations, but through technology and innovation. Tonight I'm proposing $1.2 billion in research
funding so that America can lead the world in developing clean, hydrogen-powered automobiles.””

78 http://hydrogenhighway.ca.gov/
79 http://Iwww.whitehouse.gov/inews/releases/2003/01/20030128-19.html
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5.4.2 CA Fuel Cell Partnership

One influential organisation involved in California’s fuel cell work is the California Fuel Cell Partnership
(CaFCP), which was formed in 1999 when two state government agencies joined with six private
sector companies to form the partnership. The original eight members were Ballard Power Systems,
DaimlerChrysler and Ford Motor Company, BP, Shell Hydrogen, and ChevronTexaco, California Air
Resources Board, and California Energy Commission.

The original goal of the organisation was to demonstrate and promote the potential for fuel cell-
powered electric vehicles as a clean, safe, and practical alternative to vehicles powered by internal
combustion engines. Today the CaFCP is still committed to promoting fuel cell vehicle
commercialisation as a means of moving towards a sustainable energy future, increasing energy
efficiency and reducing or eliminating air pollution and greenhouse gas emissions.

The CaFCP is now a collaboration of 31 member organisations, including car manufacturers, energy
providers, government agencies and fuel cell technology companies, that work together to promote
the commercialisation of hydrogen fuel cell vehicles. The members collaborate on activities that
advance the technology, such as first responder training, community outreach and agreeing on
protocols while standards are being developed.

The organisation will enter another phase of work from 2008 — 2012 and hope to accomplish the
following goals:
- ldentify and address market opportunities and challenges.

Promote a safe, customer-friendly refuelling experience.

Work toward a common fuel delivery architecture.

Provide information and hands-on experience.®

5.4.3 California Hydrogen Highway

One of the landmark events in California with regard to hydrogen was the announcement of the
California Hydrogen Highway. On 12 April 2004 Arnold Schwarzenegger announced his vision for the
California Hydrogen Highway Network and signed an executive order outlining that vision.

The order stressed California’s commitment to achieving a clean energy and transportation future
based on the rapid commercialisation of hydrogen and fuel cell technologies. The plan also
designated California's 21 interstate freeways as the "California Hydrogen Highway Network" and
stated that the California Environmental Protection Agency and all other relevant state agencies will
work with state legislators and key stakeholders to implement this plan, develop a network of
hydrogen fuelling stations along the roadways and in the urban centres. The ultimate goal of this plan
is that by 2010 every Californian will have access to hydrogen fuel, with a significant and increasing
percentage produced from clean, renewable sources.

The executive order committed the State of California to achieving the following by 2010:
To negotiate with car and fuel cell manufacturers to ensure that hydrogen-powered cars, buses,
trucks, and generators become commercially available for purchase by California consumers,
businesses and agencies including state, regional and local; and
California's state vehicle fleet shall include an increasing number of clean, hydrogen-powered
vehicles when possible to be purchased during the normal course of fleet replacement
Safety standards, building codes and emergency response procedures for hydrogen fuelling
installations and operation of hydrogen-powered vehicles shall be in place and permit agencies,
building inspectors and emergency responders shall receive appropriate training
Appropriate incentives shall be provided to encourage the purchase of hydrogen powered vehicles
and to encourage the development of renewable sources of energy for hydrogen production.®*

80 http:/ww.cafcp.org/.

81 http://hydrogenhighway. ca.gov/
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5.4.4 Other hydrogen activities

Another important organisation involved in California’s hydrogen work is the UC Davis Institute of
Transportation Studies (ITS-Davis). From 2003 — 2006, it ran the Hydrogen Pathways Programme
which contributed to industry, government and the public’s understanding of hydrogen as a transport
fuel. The Hydrogen Pathways Programme was a major collaboration between ITS-Davis, state,
national and international government agencies, and international energy and automotive companies.

This work focussed on understanding the potential transition to a hydrogen-based transportation
system and was supported by a consortium of sponsors including state and national government
agencies, energy and automotive companies. The programme ended in 2006, but the Sustainable
Transportation Energy Pathways (STEPS) programme is continuing the research activity from
Hydrogen Pathways, and comparing hydrogen as a transportation energy carrier with other fuels.®

5.5 Japan

Japan is the second largest economy in the world with a population approaching 130 million.®® Japan
is also a major producer and exporter of vehicles although to drive this, relies significantly on imported
energy. For example, in 2003 Japan was only 4% energy self-sufficient whilst the UK at that time was
96%.%* One way Japan has sought to address the risks associated with such dependence is to
diversify the sources of energy upon which it relies. For instance, whilst in 1973 70% of its energy was
produced by oil, by 2003 oil's share was 50% replaced by an expansion of coal and in particular gas
and nuclear though this was still mostly imported. In 2004 Japan led the world in solar power
production, contributing 43.6% of the world’s total (ahead of Germany with 31% and the US with 14%).
Even so, renewables still only constitute 1.7% of primary energy in 2004. The aim is to increase this
share to 3% by 2010. ®°

5.5.1 Motivation

Unguestionably the key driver for a future Japanese hydrogen economy has been its high reliance on
imported energy. Thus in 2003, a presentation by the Ministry of Economy, Trade and Industry
(METI)® cited energy security and environmental benefits as the reasoning behind pursuit of
hydrogen. It should be reiterated here that hydrogen is not a primary energy source and still requires
fossil fuels, nuclear or renewables to generate it in the first instance. Unless Japan is to increase
significantly domestic primary energy supply (either through nuclear or renewables) its hydrogen
economy is still going to be driven by reliance upon foreign energy supply.

5.5.2 Targets and strategy

Japan has set clear and ambitious targets for developing hydrogen transport infrastructure as part of
what is termed their ‘commercialisation strategy’. The strategy details what will be achieved in terms of
vehicles and filling station numbers and by when. According to a recent EC report (2007) this clarity
represents a key feature of the Japanese approach to hydrogen economy development. The key
elements of the strategy and associated targets are summarised in Figure 4.2, below.

82

http://steps.its.ucdavis.edu

83 http://www. uk.emb-japan.go.jp/en/facts/basic_facts.html

84 http://www.enecho. meti.go.jp/topics/energy-in-japan/energy 2006E. pdf

85 hitp://www. enecho. meti.go.jp/topics/energy-in-iapan/energy 2006E. pdf

8 METI (2003) Japan’s Approach to Commercialization of Fuel Cell / Hydrogen Technology
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Figure 4.3: Key elements of Japan’s hydrogen and FC commercialisation strategy

Demonstration phase (2002 -2005)
Developing & demonstrating technology and
establishing codes and standards

|

Introductory phase (2005 -2010) 2010: 50,000 FCVs
Research & demonstration

Targets

2020: 5million FCVs,

l 4,000 hydrogen stations
Diffusion Phase (2010 -2020) 2030° 15million ECVs
Wide implementation of hydrogen technology 8,500 hydrogen stations

Adapted from Morthorst et al. (2004) ¥

The bold targets set by Japan in the first instance give a signal to the market. This reduces the risk to
both manufacturers and investors looking to develop hydrogen for transport that there is a future for
the fuel in Japan. To support the commercialisation strategy the government has set aside a
substantial budget of approximately $4 billion, with $250 million set aside for the first five years (Risg
2004). Key actors in Japan’s administration include the Ministry of Economy, Trade and Industry
(METI) and the New Energy and Industrial Technology Development Organisation (NEDO).

A DTl report in 2004 contrasted the approach to hydrogen in Japan with those of other countries.®® In
terms of funding, the DTI points out that the absence of state aid restrictions in Japan (compared to
those in EU countries) allows up to 100% government support of research which is in stark contrast to
the UK, where EU state-aid rules restrict funding to 30%. Comparing the hydrogen and FC industries
in Japan and the US, the report found that the US tended to be composed of a large number of start-
up companies in addition to major industrial organizations with some unusual technology options. The
Japanese approach meanwhile appeared to adopt more conventional technologies and concentrate
on the systems integration and product development of these. Thus it could be suggested that Japan
is playing to its strengths in its approach to hydrogen development.

5.5.3 Progress on strategy

Japan appears to be on target with its commercialisation strategy. Phase one, establishing codes and
standards, was completed in 2005. During that phase, legislative areas relevant to the development of
hydrogen/FCs were reviewed. In order to do this, liaison took place between a number of agencies
including: Cabinet Office, Fire and Disaster Management Agency, Ministry of Environment, METI and
MLIT (Ministry of Land, Infrastructure and Transport) amongst others. From this review, 6 laws and 28
legal provisions were identified as needing amendment (METI, 2003). Amongst the laws that have
been introduced or amended to impact of the hydrogen fuel/FCV car use are the following®:

Update of vehicle approval system (Road trucking vehicle law) — Previously each FC vehicle had to
be inspected and certified by MLIT. The revision means that so long as vehicle conformity
standards are met, such inspections will not be necessary.

Deregulation of Hydrogen Station Construction

87 http://www. risoe. dk/rispubl/energy report3/ris-r-1469.htm
8 DTI 2004 http://www.synnogy.co.uk/publicreports/japan.pdf
89 http://www.nedo.go.jp/kankobutsu/pamphlets/kouhou/fy2005/23 24.pdf
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o After reviewing the safe isolation distances for hydrogen stations, distances were
shortened;

0 After reviewing regulations limiting construction of hydrogen stations to industrial sites,
zoning was changed to allow for construction in commercial areas of mixed use
(Building Standards Law).

o Regulations changed so handling of hydrogen is now regulated similarly to
compressed natural gas.

Whilst occurring before the initiation of the commercialisation strategy an additional regulation worth
mentioning is the 2001 Action Plan on Promoting Low-Pollution Vehicles.” This was an early (perhaps
first) mention of the government aim to deploy 50,000 fuel-cell cars. In addition, the plan required the
government to set an example by replacing all of its official vehicles (some 7,000) with low-pollution
vehicles between 2002 and 2005.

As a representative of NEDO pointed out during an interview for this research project, the reduced
administrative costs associated with a streamlining of codes and standards, brings down the overall
costs associated with hydrogen

Interestingly when asked about remaining obstacles to infrastructure development in Japan, the
NEDO representative felt that limited land availability in Japan may restrict storage options. This is
forcing the need to search for alternative storage opportunities such as on the fuel station roof or
underground which carries additional safety concerns.

In conclusion, through establishing the necessary codes and standards, Japan appears to have
achieved its first stage of commercialisation. As the NEDO representative highlighted, “Legally, there
is no obstacle for commercialization of FCVs”.

A key aspect of the commercialisation strategy is the Japan Hydrogen and Fuel Cell Demonstration
Project (JHFC), which is an important showcase for the commercialisation of hydrogen for transport. It
involves 48 vehicles (both Japanese and Foreign) and 10 filling stations, and tests different methods
of both on and off-site production (DTl 2004). The aims of the JHFC may be summarized as:

Technical - including investigating the energy/CO, saving potential as well as investigating
hydrogen recovery techniques (e.g. Coke Oven Gas by-product)

Data collection to assist with codes and standards development

Operational - help identity any problems associated with using FCVs or hydrogen and familiarize
public with the technologies®

One of the projects run as part of JHFC is the Toyota-Hino Fuel Cell Bus Project which is operated in
and around Central Japan International Airport. According to Toyota’s website, an appeal was made to
private companies in January 2006 to express interest in public road-testing of fuel cell buses. Toyota
Motors and Hino motors jointly responded and were selected. ** Meanwhile a further project operated
under the umbrella of JHFC is the Senju hydrogen station in Tokyo. It was a collaboration between
Tokyo gas on whose land the station was built and Nippon Sanso Corp®.

5.6 Conclusions and lessons for the UK

As can be seen from the above case studies, the countries discussed in this section are taking
different approaches to the development of hydrogen infrastructure for transport. It is apparent that
some of the drivers that exist in these countries are perhaps not as significant in the UK. For example,
whilst the issue of security of energy supply has been noted as one of the drivers behind hydrogen
policy in the UK, it is perhaps not as large a consideration as it is in Japan. Nonetheless, the case
studies show what can be achieved when policies are developed to support hydrogen and which
aspects of the different strategies have been important to the successes in these countries. Some of
the key points from these countries are:

9 hitp://www.iea.org/textbase/pamsdb/detail. aspx?mode=cc&id=674
% http://www. jhfc. jp/e/project/mokuteki.html

92 http://www. toyota.co.jp/en/news/06/0718. html
3 http://www.tokyo-gas.co.jp/pefc_e/dev-fc_35.html
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Germany
Capitalising on its industrial strengths, plans to make use of the vast quantities of hydrogen which
are a by-product of the chemical industry;
Powerful car industry participation in numerous public-private demonstration programmes;
Extensive and well-coordinated administrative efforts at both a state and national level.

California
Car manufacturing industry is influential and keen to bring new technologies to the market in
California;
Motivated by poor air quality, energy security issues, and its reputation as an innovative, forward-
thinking state;
Clear government support at the state and national level with long-term targets.

Japan
Established ambitious and well-defined targets in its commercialisation strategy;
Backed up strategy with both legislation and government support;
Strong backing by the car manufacturing industry.

In short, Japan has set a clear framework for hydrogen development with well-defined targets. By
examining all aspects of hydrogen use, the administration has been able to revise the relevant codes
and standards. This will help facilitate the smooth introduction of hydrogen in mobile or stationary
applications into Japanese society. Germany has conducted a number of successful demonstration
projects and looks set to undertake Europe’s largest demonstration with the expansion of the Clean
Energy Partnership in Berlin. The key to the success of the German projects has been the
industry/government collaborations. A similar strength can be seen in the US where the Fuel Cell
Partnership, in addition to facilitating demonstrations, has helped raise the profile of hydrogen-fuelled
transport across the state, which has been boosted significantly by the pro-active stance of Governor
Schwarzenegger. The role of industry, in particular the car manufacturing industry, in all three
countries has been particularly significant. Germany’s plans capitalise on its industrial activities to
make use of the vast quantities of hydrogen which are a by-product of the chemical industry. This
highlights another area where industry is influential in the development of hydrogen for transport. The
various approaches appear to play to the relative strengths of their economies. This is perhaps a
crucial lesson for the UK in developing its own way forward for hydrogen development.

In the UK, whilst funding is available to support the development of hydrogen infrastructure, it has
been acknowledged by the Government that these funding streams are smaller and more fragmented
than in other countries. Additionally, it is important to note that in Germany, the US and Japan,
industry, often manufacturers that already have significant research and development facilities in the
respective country, is a major driver in taking forward the development of hydrogen, which is in
contrast to the UK, which does not have a an R&D facility of a major manufacturer that focuses on
alternative fuels. Regardless of this issue, there are a number of areas in the UK that have taken a
relatively proactive approach to the development and deployment of hydrogen infrastructure and
vehicles, including London, Wales, Scotland, and Teeside. In particular, London was one of the nine
cities that hosted three fuel cell buses as part of the CUTE demonstration project, and Transport for
London has committed to operate a new fleet of ten hydrogen-fuelled buses and 20 hydrogen-fuelled
cars/vans/motorbikes by 2010. In Wales there are a number of proposed demonstration projects
including a hydrogen energy farm in Carmarthenshire, and renewable hydrogen production at Baglan
Energy Park, and in Scotland the high profile PURE Energy Centre was established to deliver a zero-
emissions, renewable hydrogen hybrid power supply to an industrial estate in the island of Unst.
However, compared to other countries, only a relatively small number of demonstration projects have
been carried out, and furthermore, the UK is not well placed to take advantage of future vehicle and
infrastructure demonstration programmes due to the lack of a domestic vehicle manufacturer, as noted
above.

In summary, some of the key lessons for the UK are as follows:

Development of a clear strategic framewaork for hydrogen (with well-defined deployment
targets) can provide industrial actors with the confidence to make long-term investments.

Clear policy signals from Government that encourage hydrogen R&D, demonstration and
deployment activities are necessary, linked to the overarching policy drivers that form the
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rationale for investing and developing this technology in the UK. Such policy signals allow
industrial actors to proceed more confidently with research, development, and demonstration
activities and may help to encourage inward investment from overseas organisations.

Increasing the level of funding available to support the development of hydrogen
infrastructure. The Government has already recognised that the funds currently available for
developing new low-carbon energy technologies are too low compared to other countries.
The development of the Energy Technologies Institute will hopefully at least partially address
this issue, but there may be a need to go further.

Strong co-ordination of hydrogen R&D, demonstration, and deployment activities is very
important to ensure that learning is maximised and that hydrogen-focused activities are
carried out in the most efficient manner. In particular, demonstration projects carried out in the
UK have been limited in number and scope, and it is possible that the learning from these
projects has not been maximised. Public-private partnerships such as those proposed for the
Energy Technologies Institute will be important in ensuring the success of future R&D and
demonstration activities
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6 Recommendations for options that could be
pursued by the UK

6.1 Overview

The research carried out for this study indicates that, if present trends continue, the UK is unlikely to
lead the development of a hydrogen transport system. Many countries have already chosen to pursue
hydrogen as an option for a variety of different reasons, for example, energy security in Japan;
reduced air pollution and energy security in California. The UK's main interest in hydrogen is its long-
term potential to reduce COzemissions. This is currently only a potential, rather than a reality, and
hence to date, the UK has not decided whether to fully support the fuel, preferring to take a
technology-neutral approach.

It is important to note that the development of hydrogen for transport will continue in other countries,
whether or not the UK chooses to support this actively. As noted above, other countries are actively
pursuing hydrogen and companies involved in the sector (e.g. Daimler-Chrysler, BP) will continue to
invest in and develop hydrogen technologies regardless of the UK'’s involvement. Furthermore, the
work being carried out in other countries should mean there is sufficient activity internationally to
support the development of hydrogen technologies including the testing, demonstration and roll-out of
new infrastructure. However, the recent Stern Review on the Economics of Climate Change argued
that policy to support innovation and the deployment of low carbon technologies is one of the essential
elements of any policy framework aimed at reducing greenhouse gas emissions. Although it is clear
that hydrogen is not currently a technology that would lead to immediate reductions in CO, emissions,
the potential for reductions is there, and it could be argued that in order to meet long-term
commitments to reducing CO, emissions in the UK, the development of policies and other measures
that support the innovation and deployment of potential low carbon hydrogen technologies will be a
very important element of the UK'’s future climate change strategy.

With all of the above in mind, we believe that there are two main options that the Government could
pursue. The first option is a business-as-usual “watching brief” scenario. The second option is a more
proactive “proactive support” scenario.

6.2 Option 1: “Watching brief - business-as-usual”
scenario

As discussed in the foregoing sections, the UK is unlikely to take a leading position in the development
and demonstration of hydrogen infrastructure technology and hydrogen vehicle technology.

Significant research and development activities are already being carried out in other countries
including the USA, Germany, and Japan, amongst others, and it is clear that developments in these
countries are already far beyond what has been achieved in the UK. These countries also benefit
from the presence of major motor manufacturers with significant “in-country” research and
development facilities carrying out research on hydrogen vehicle technologies. Whilst the UK has a
large vehicle manufacturing base, there is only a very limited amount of UK R&D activity focused on
vehicle technologies such as hydrogen. In particular, none of the major vehicle manufacturers carry
out hydrogen fuel cell research in the UK. This is an important consideration because research,
development, and demonstration activities focused on hydrogen vehicle technology tend to act as
major drivers for researching, demonstrating, and deploying hydrogen production and distribution
infrastructure. Japan, Germany, and the United States all have major automotive research centres
that are strongly focused on developing and deploying hydrogen fuel cell technology. This factor has
a knock-on effect with regard to the availability of vehicles for demonstration projects. Currently, the
availability of hydrogen demonstration vehicles is very limited worldwide, and the UK is unlikely to be a
primary location for vehicle demonstration projects at the moment.
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With all of the above in mind, one option for the UK is to take a very passive role in the development
and demonstration of hydrogen infrastructure technologies; in practice, this would amount to the UK
keeping a “watching brief” on activities abroad, without investing any significant additional time,
resources, and funds over and above that already committed to the development of hydrogen
infrastructure technologies. This scenario has the major advantage that it requires no additional
investment over and above funds committed to date. In theory, if in the future it becomes clear that
low-carbon hydrogen production routes are a cost-effective alternative to fossil fuel production routes,
then the introduction of hydrogen technologies to the UK may become more straightforward.

A disadvantage of this approach is that the UK will be excluded from some of the major demonstration
and learning opportunities, which may mean that there will be a need for greater levels of investment
over a shorter time period in the future in order to catch up with those countries that made investment
commitments at an earlier stage. The other disadvantage of this approach is that by attempting to let
the market decide which technologies are most cost effective, the pace of development in low-carbon
hydrogen technologies will be slower worldwide than if the UK took a more active role in
developments. Hence, in adopting this approach, there is a risk that the UK might not be in a position
to readily adopt hydrogen technology, or require significant amounts of short-term investment, if a low
carbon production method were to become feasible and viable. Given the need to meet the UK’s long-
term climate change policy commitments and targets, and reflecting the urgency of Stern Review and
its arguments for more effective low carbon energy technology policy, there is a clear risk, therefore,
that adopting the “watching brief” scenario may inhibit the UK’s ability to react to future technological
developments, as quick as it needs to.

Even if the UK were to choose to pursue this scenario, there would arguably still be a need for greater
levels of co-ordination at the national level. In particular, it would be necessary for a Government
Department (e.g. Department for Business, Enterprise and Regulatory Reform® or DfT) or a non-
Governmental organisation (e.g. Cenex) to take an active role in monitoring developments both in the
UK and abroad. In particular, it would be beneficial for there to be a much greater level of
engagement with European activities, in order to ensure that the UK is more aware of current
overseas activities and potential funding streams.

With all of these factors in mind, we do not believe that this option offers a satisfactory solution, not
least because of the clear requirement for accelerating the speed of development of new low-carbon
energy technologies to combat climate change. Furthermore, new technologies such as hydrogen,
which have the potential to deliver significant carbon reductions, but which are not yet mature, cannot
effectively compete in the marketplace without significant levels of support to aid their long term
development. It is clear that even without significant UK involvement, work will continue abroad in
developing low-carbon hydrogen technologies. However, the adoption of a passive stance does not
appear to be the most appropriate option, given the urgent need for action to develop low-carbon
technologies that can be used over the longer term to reduce greenhouse gas emissions, and the
need to be ready to take advantage of low carbon technologies as and when they are feasible and
viable. Additionally, the adoption of such a passive stance does not appear to be consistent with the
proactive approach that the UK is taking more generally, as advocated by the Stern Review, to
developing policy aimed at reducing carbon emissions. It is therefore recommended that the
Government should not pursue the “watching brief” scenario.

6.3 Option 2: Proactive support for the development of
low-carbon hydrogen technologies

6.3.1 Overview

An alternative to letting the market decide whether and how hydrogen infrastructure develops in the
UK is for the Government to take a more active role in encouraging, supporting, co-ordinating and
taking a leading role in the development of this technology. There are undoubtedly some risks
associated with such a scenario, as it is not clear that there will be cost-competitive carbon benefits
associated with using this technology for transport applications. Certainly in the short term, it is clear

9 formerly DTI until June 2007
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that other technologies, including renewable transport fuels and hybrid technology will be important in
helping reduce greenhouse gas emissions from the transport sector. In the longer term, more radical
action is likely to be necessary — particularly if the UK's targets of achieving a 60% reduction in CO,
emissions against 1990 figures is to be met by 2050. With this long-term target in mind, one option
available to the Government is to provide more proactive and better co-ordinated support for the
development of hydrogen infrastructure technology to aid research, development, demonstration, and
eventually the deployment of this technology.

Such an approach would be consistent with the recommendations of the Stern Review. In particular,
Stern states that policies to reduce emissions should be based on three essential elements: carbon
pricing, technology policy and the removal of barriers to behavioural change. Furthermore, Stern
states that:

“Policies are required to support the development o f a range of low-carbon and high-efficiency
technologies on an urgent time-scale”

Stern argues that technology policy covering the research, development, demonstration and
deployment is essential to aid the deployment of the low-carbon technologies that will be required to
achieve the deep cuts in carbon emissions needed. Stern also notes that public spending on
research, development and demonstration has dropped significantly in the last twenty years, and is
low compared to other industries. Stern also argues that the scale of deployment incentives for low-
carbon technologies should increase by between two and five times the current level, thereby setting
out “a powerful motivation for innovation across the private sector to bring forward the range of
technologies needed”.

Taking on board the findings from this study, and the recommendation made in the Stern Report, it is
strongly recommended that the Government should develop a more proactive strategy to support the
development, demonstration, and deployment of hydrogen infrastructure for transport applications.
This does not mean that the Government needs to pick hydrogen as a “winner” at this stage, but
rather that in order for the long term potential of hydrogen to be realised as a low-carbon energy
technology for transport, more and greater support is required at this stage, even though it is far from
clear that hydrogen will definitely provide a long term solution to help reduce carbon emissions from
this sector. The research carried out as part of this study has shown that the development of
hydrogen infrastructure in the UK is unlikely to happen without concerted effort from both Government
and industry stakeholders. In particular, the potential roll out of hydrogen infrastructure can be linked
to a timeline with activities focused on R&D required up front, followed by demonstration activities, and
finally commercialisation activities. As has been discussed throughout this report, it is not possible to
separate the potential future development and implementation of hydrogen infrastructure from the
development and implementation of hydrogen vehicle technology, as one cannot exist without the
other. A successful strategy therefore needs to strongly link infrastructure developments to vehicle
development and demonstration programmes.

Based on the findings from this study, it is suggested that a more proactive approach for supporting
the development of low-carbon hydrogen technologies could include the following steps:

Establishment of a clear national hydrogen strategy;

Improve co-ordination and communication of hydrogen research and demonstration activities
in the UK;

Provide incentives and support for low carbon hydrogen production infrastructure;

Provide support for focussed hydrogen demonstration projects maximising efficiency and
capturing learning.

The following sub-sections provide more detail on each of these steps.

6.3.2 Step 1: Establish a clear long-term strategy  for developing hydrogen for
transport applications

An important finding from this research is that stakeholders involved in developing hydrogen for

transport in the UK would benefit from a clear, long-term government strategy on hydrogen. The
development of such a strategy would allow the UK Government to take a more proactive and focused
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approach to developing and supporting hydrogen as a potential future low-carbon transport fuel,
without necessarily picking hydrogen as a “winner” at this stage. A hydrogen strategy could draw on
the approach taken with respect to biofuels, for example (e.g. the DfT consultation Towards a UK
strategy for Biofuels®), which has involved a transparent consultation process that has raised
environmental issues and uncertainties about biofuels, while setting out a longer-term vision. The
primary goal of such a strategy would be to provide a clear signal regarding the Government’s
expectations for hydrogen to industry stakeholders, non-governmental organisations, local and
regional Government, and the public. In general, the strategy could be used to set out what the UK
wants to achieve by supporting hydrogen and the motivation behind this support. More specifically,
such a strategy could aim to achieve the following:

Clarify the long-term motivation for supporting hydrogen as a transport fuel. Given that the UK’s
main interest in hydrogen is its future potential to reduce CO, emissions, the policy framework
should make it clear that the UK expects CO, reductions from transport over a specified time
period.

Develop targets for what the UK would like to achieve with regard to hydrogen in both the short
term and the longer term. This could include specifying time-based targets for the deployment of
low-carbon hydrogen production, distribution, and refuelling infrastructure, alongside targets for the
deployment of demonstration vehicles and eventually, fully commercial vehicles. It is important to
note that the targets for deploying infrastructure should be linked to targets for eventually deploying
vehicles, as without demand for hydrogen fuel for vehicles, there will be no need for new
infrastructure. It is recognised that the UK is unlikely to be very active in vehicle demonstration
programmes in the short term due to the worldwide lack of availability of hydrogen vehicles, and
the strategy should be developed to take this into account and play to the UK’s strengths by
focusing in the first instance on supporting the development of low-carbon hydrogen production
infrastructure that could be used initially to support non-transport hydrogen applications.

Introduce mechanisms to stimulate the long-term development and deployment of low carbon
hydrogen production technologies. Focusing UK hydrogen research and development activities on
the development of carbon-neutral hydrogen production techniques would enable industry and
academia to try to address the principal area of concern that the UK government has in relation to
the potential use of hydrogen as a transport fuel. We are aware that the new Energy Technologies
Institute will contribute towards this aim, but it is recommended that specific actions targeting the
future development and deployment of hydrogen may be required as part of the remit of the ETI.

Provide clear, long-term policy signals that indicate that there is a long-term commitment to
enabling the development of low-carbon hydrogen infrastructures, in the same way that is being
done for biofuels. In particular, this should include the provision of long-term incentives for using
hydrogen as a transport fuel, e.g. work with other Government Departments to ensure reductions in
fuel duty, over a longer-term period.

The need to link the hydrogen strategy to eventual reductions in carbon emissions will be important,
but it must be recognised that in the short term this is unlikely to be achievable as low-carbon
hydrogen production technologies are not yet mature.

6.3.3 Step 2: Improve co-ordination and communicati ~ on of hydrogen
research activities in the UK through the developme nt of a dedicated
hydrogen co-ordination unit

Another area where the UK could take a more proactive approach is by improving the national-level
co-ordination of hydrogen research, development, demonstration and deployment activities. This is a
crucial method of supporting the above policy framework and ensuring that the UK is sufficiently aware
of, and represented in relevant hydrogen activities. In 2004, E4Tech, as part of their study entitled “A
Strategic Framework for Hydrogen Energy in the UK” proposed that a Hydrogen Co-ordination Unit
(HCU) should be set up to co-ordinate activities at the national level and to liaise with European

95 http://www. dft.gov.uk/consultations/archive/2004/tuksb/
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stakeholders. The research undertaken during this study suggests establishing such a unit would be
of great benefit to developing hydrogen activities in the UK. Most importantly, it would also help gain
clarity across Government on the UK’s position on hydrogen technologies and would help to optimise
research/demonstration efforts in the UK. This should ensure funding directed at hydrogen
infrastructure and hydrogen vehicle technology is allocated in the most cost-effective manner, avoiding
unnecessary duplication of effort. The HCU could also help to track other countries’ hydrogen
research activities and ensure the UK has a presence at any major hydrogen-related events. The
Hydrogen Co-ordination Unit could possibly sit within a Government Department, or within an existing
non-governmental organisations such as the Low Carbon Vehicle Partnership or Cenex, or it could be
a standalone unit. It should also be noted that the UK Hydrogen Association®® are increasingly active
and therefore it is recommended that this organisation should participate in the development of any
such unit. The HCU could facilitate better interaction and knowledge-sharing amongst government,
industry and academia, and also eventually help to co-ordinate the introduction of new infrastructure
and vehicles across the UK.

A key element of hydrogen demonstration activities which could be facilitated by the HCU might
involve raising the profile of hydrogen vehicles and technology. A recent high-profile example of
effective promotion of low carbon transport was the Brighton-to-London Eco-Car Rally, which took
place on World Environment Day in June 2007. The day was supported by a number of celebrities
and MPs and a pre-launch day was attended by Prince Charles. The event showcased a number of
alternative fuel vehicles including hydrogen fuel cell-powered vehicles, as well as a hydrogen ICE.*’
The event also promoted R&D work in the field of hydrogen and fuel cells being undertaken in the UK,
such as the activities at Rutherford Appleton Laboratory where scientists are using the 1SIS-pulsed
neutron source to investigate the hydrogen storage properties of new materials.®®

6.3.4 Step 3: Provide long-term incentives and supp  ort for the development,
demonstration, and deployment of hydrogen infrastru cture

Probably the most significant barrier (in the UK context) to the widespread deployment of hydrogen
infrastructure is the current lack of carbon emissions benefits associated with this technology. With
this in mind, the DfT should work with other government departments to provide additional targeted
incentives and support to help industrial organisations develop these technologies thereby helping to
accelerate the development of low-carbon hydrogen production solutions. In patrticular, it has already
been recognised by the Government that current funding levels for developing and demonstrating new
low-carbon energy technologies are too low, and the Energy Technologies Institute is being set up in
part to address this issue. However, the remit of the ETI is very broad, and hydrogen is but one of
many technologies that will be supported using ETI funding. Itis recommended that as part of the
development of a national strategy for hydrogen, financial support for the development and
demonstration of hydrogen infrastructure technologies could be ring-fenced. The Stern Report also
noted the importance of providing long-term signals to demonstrate Government commitment to the
development and deployment of low-carbon energy technologies, and also the importance of strong
technology policies and measures focused on supporting the development of such technologies. With
this in mind, some examples of hydrogen-specific incentives and supporting measures that could be
introduced include the following:

In line with the recommendations of the Stern Review, increase the levels of funding available
for carrying out research, development, and demonstration activities concerning low-carbon
energy technologies. It has already been recognised by Government that the levels of funding
available in the UK for research into low-carbon energy technologies are low compared to
other countries. The development of the Energy Technologies Institute is an important first
step in beginning to address this issue. However, the remit of the ETI is very broad, with at
least twelve different energy technologies (including hydrogen) having been earmarked for
support. It may be appropriate to ring-fence specific funds for low-carbon hydrogen
infrastructure research as is done in other countries.

Provide long-term certainty that current and new funding streams will be available to support
R&D and demonstration activities for longer periods of time than is currently the case.

96

http://www. ukha.org/
7 http://www. revolve. ws/pr/240507. pdf
98 http://www.stfc.ac.uk/PMC/PRel/STFC/Revolve050607.aspx
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Programmes such as the Hydrogen Fuel Cell and Carbon Abatement Technologies
programme are very important in supporting the development of hydrogen technologies, but
currently the programme is due to run for a four year period. Greater certainty over the
availability of long-term funding to support the development of hydrogen would help industry to
be able to make the long-term investments needed to develop low carbon hydrogen
technologies. We are aware that the Energy Technologies Institute will, to a certain extent,
provide more long term certainty of funding streams, as the ETI is due to operate for at least
ten years.

Work with other government Departments, as appropriate, to provide a long-term commitment
to keeping the duty rate for hydrogen at zero. This measure on its own will not increase the
deployment of hydrogen infrastructure or hydrogen vehicles in the short term, but it will send a
strong signal that the Government is committed to the development of low-carbon hydrogen.
Additionally, in the medium-to-long term, this measure could help to accelerate the
deployment of hydrogen vehicles, once these are closer to commercialisation.

Regularly review the operation and funding available for the DfT-funded Energy Saving Trust
alternative refuelling infrastructure grant programme. This programme currently provides
funding support for hydrogen, electric, bio-ethanol, natural gas or biogas stations. For
hydrogen, grants are available to cover up to 30% of the additional costs associated with
building a new hydrogen refuelling station over the costs of building a conventional
petrol/diesel refuelling station. In 2005/06, total grant funding of up £690,000 was available,
but in future years, iffiwhen uptake of hydrogen (or indeed other low carbon alternative fuels)
for transport applications increases, it may be necessary to increase the total amount of
funding available through this programme to help accelerate the deployment. It may also be
helpful for DfT to signal a long-term commitment to this programme of funding to give the
hydrogen industry confidence to plan for the future.

6.3.5 Step 4: Provide support and co-ordination for better and more focussed
demonstration projects

Demonstration projects help to improve understanding of new technologies such as hydrogen, and
also help to test out both vehicles and infrastructure in real-world applications. Hydrogen
demonstration projects are an important stepping-stone from R&D through to full-scale
commercialisation. Previous research has indicated that the UK has not been at the forefront of
research and demonstration activities in the field of hydrogen technologies, and this study has
indicated that it is unlikely that the UK will become a world leader in this area. Launching additional
hydrogen demonstration projects in the UK was identified as a key mechanism needed to improve the
understanding of the technology, show support for research activities, overcome technical barriers,
allow hydrogen technologies to be tested in the real world and expose hydrogen vehicles to the wider
public, thus increasing awareness and reducing concerns. Even though there are many
demonstration projects taking place across the world, there is still scope (and indeed it will be
necessary) for demonstration projects to be undertaken in the UK. UK demonstration projects could
be developed so as to build on international experience and to address issues in a UK-specific
context. However, it is important to note that simply funding ‘more’ demonstration projects is not
sufficient, but instead investment should be directed at more focussed demonstration that works within
the proposed long-term hydrogen strategy (Step 1). There is also a need to:

Improve the co-ordination of these projects;

Publicise the projects better and make sure the public are aware of the activities;

Involve relevant organisations to help develop hydrogen-specific codes and standards;
Make the most of the learning that takes place as a result of the demonstration;

Link the demonstration projects with a deployment plan and a long-term vision for hydrogen
transport.

It should also be noted that in the short-to-medium term, the UK is unlikely to be well-placed to host
significant numbers of hydrogen vehicle demonstration projects. It has been noted that there is a
limited supply of hydrogen vehicles for demonstration worldwide, and the UK is not well-placed to take
advantage of many of the vehicles that are available. For this reason, it is recommended that, at least
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for the short term, the majority of demonstration activities should be focused on demonstrating
hydrogen production, storage and distribution infrastructure. It may, therefore, be necessary for a
proportion of these demonstration projects to be focused on supporting non-transport applications.
Over the longer term, as demonstration vehicles become more readily available, the emphasis of
demonstration in the UK could shift to focus more on transport applications.

Another important recommendation with regard to demonstration is that the UK would be better placed
to focus its infrastructure development efforts on a smaller number of geographical regions. At the
moment, demonstration activities are being carried out or planned for a number of different areas
across the UK, including London, Scotland, Wales, North East England, and Leicestershire, and it may
be appropriate to focus demonstration activities on a smaller number of areas in order to maximise
learning and minimise the risk of duplicating effort.

Last year, Shell, Total, and a number of companies from the German vehicle manufacturing industry
put forward a position paper setting out what they felt was needed in terms of development of a
hydrogen infrastructure in Europe.” The paper sets out some key criteria for potential pilot regions
which include the extent of existing infrastructure, favourable legislative frameworks in place, and
political commitment to hydrogen in the region. One of the conclusions of this paper is that London is
one of the regions best suited for the wider development of hydrogen-fuelled city buses. In short,
London potentially offers the best choice of location for these reasons. Currently, there are a number
of different regions across the UK that are actively promoting hydrogen developments with a view to
becoming centres of excellence, or showcases, for hydrogen infrastructure and vehicle technologies.

Given that availability of hydrogen demonstration vehicles across the world is currently limited, and is
likely to remain so in the near-term and medium-term, it is recommended that the UK should approach
demonstration activities in a more co-ordinated manner. In particular, it is recommended that
demonstration activities should be focused on a small number of high-profile areas, with each area
playing to its strengths by focusing on particular applications or technologies. For example, South
Wales, the North East of England, and Scotland have a strong track record in hydrogen production
and it may be useful for one or more of these areas to become the main focus for hydrogen
production, storage, and distribution infrastructure demonstration activities.

By contrast, London has developed a high profile as an area that will provide prominent support for
hydrogen vehicle demonstrations. London was one of the nine cities where the CUTE hydrogen fuel
cell bus demonstration took place, and Transport for London (TfL) has committed to operating a
further 30 hydrogen-powered vehicles. TfL expect to operate a fleet of 10 hydrogen-fuelled buses and
20 hydrogen-fuelled cars/vans/motorbikes by 2010.*® It is expected that these vehicles will be
refuelled at two stations, one in Central London, and the other at a depot in East London. With this in
mind, it may be useful to promote London as the showcase region for hydrogen vehicle and refuelling
demonstrations, with other areas being promoted as showcases for hydrogen production and
distribution infrastructure technology. In particular, the benefits of promoting London as a showcase
for hydrogen vehicle and refuelling infrastructure demonstrations include the following:

London is already a world showcase for new products and innovation. The 2012 Olympics also
provide an additional opportunity to capture the world’s media attention on activities in the capital.
London has previous experience — in addition to the success of CUTE, London has experience
running an integrated transport system and some experience with alternative fuelled vehicles
including hydrogen.

London has a proactive administration with plans to expand its hydrogen vehicle fleet as well as
opportunities to link with C40 cities.

London is recognised as a key pilot region by industry (as noted above).

London has the political willingness to lead.

This recommendation does not preclude other areas from getting involved in hydrogen demonstration
activities, but it is important to recognise that funding streams should be used in the most efficient
manner to maximise learning and to minimise unnecessary competition and duplication of effort.

Itis also recommended that demonstration activities should be better planned and linked to the
overarching hydrogen strategy. In this way, demonstrations can be focused on helping to meet the

99 http://www. hydrogen.ora/News/Position Paper hydrogen Auto Energy OnePager SEP2006.pdf
7 http://www.london.gov.uk/Ihp/news/vehicles. jsp
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needs of the strategy, and each demonstration project can be linked to previous projects and
proposed future projects to ensure that learning gained from one project is passed on to help improve
subsequent projects. It is envisaged that the proposed Hydrogen Co-ordination Unit could have a role
in ensuring that demonstration projects are developed and implemented with these factors in mind.
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7 Summary and conclusions

7.1 Summary of findings

7.1.1 Hydrogen infrastructure in the UK

There is currently a relatively small number of hydrogen production, bulk storage and distribution
facilities in the UK, focused in the North West of England, the North East of England, and South
Wales. These facilities currently provide and distribute hydrogen gas for industrial uses, and should
there be significant demand for hydrogen for transport applications, they would not be capable of
meeting this demand without significant additional investment. Should hydrogen infrastructure be
needed for transport applications, there are a number of institutional and economic barriers that would
need to be overcome.

7.1.2 Barriers to hydrogen infrastructure for suppo rting transport
applications

This study has indicated that there are a number of institutional and economic barriers to the
widespread introduction of hydrogen infrastructure to support transport applications. These barriers
include the following:

Lack of immediate CO, reductions / technical and cost barriers associated with hydrogen
production infrastructure;

Investment in hydrogen infrastructure vs investment in hydrogen vehicle technology;
Technical and cost barriers associated with hydrogen infrastructure;

Technical and cost barriers associated with hydrogen vehicles;

Lack of clear policy framework for hydrogen in the UK;

Lack of public awareness/understanding;

The phenomenon of “technological lock-in” means that the incumbent fossil fuel energy
infrastructure will retain an economic advantage over hydrogen;

Absence of codes and standards for hydrogen

7.1.3 Potential mechanisms that could be used to ov ercome the barriers

The study has also identified that a number of potential mechanisms are available that could be used
to help overcome some of the barriers listed above. The mechanisms that could be used include the
following:

Policy signals and co-ordination;

Education;

Research and Development (R&D) to improve vehicle technology;

R&D to improve hydrogen production, distribution, and storage technologies;
More and better demonstration projects;

Planning the locations of hydrogen refuelling infrastructure;

Financial supporting mechanisms;

Codes and standards relating to the use of hydrogen;

7.1.4 Review of current approaches to supporting hy  drogen in the UK and
abroad

A more detailed examination of current UK activities compared to activities in Japan, Germany and
California in the United States has indicated the following:
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In the UK, the motivation behind supporting hydrogen research is the future potential for
significant reductions in carbon emissions;

Current support for hydrogen in the UK is included in packages of measures that target
research, development and demonstration activities focused on low carbon energy
technologies. For the most part, support for hydrogen is not ring-fenced, and the Government
has taken a “technology-neutral” stance to reducing carbon emissions.

There are a number of current and proposed demonstration projects across the UK, including
projects in London, Wales, the North East of England, and Scotland.

Japan has set a clear framework for hydrogen development with well-defined targets for
demonstration and deployment. By examining all aspects of hydrogen use, the administration
has been able to revise the relevant codes and standards. This will help facilitate the smooth
introduction of hydrogen in mobile or stationary applications into Japanese society.

Germany has conducted a number of successful demonstration projects and looks set to
undertake Europe’s largest demonstration with the expansion of the Clean Energy Partnership
in Berlin. The key to the success of the German projects has been the industry/government
collaborations.

In California, the Fuel Cell Partnership, in addition to facilitating demonstrations, has helped
raise the profile of hydrogen-fuelled transport across the state, which has been boosted
significantly by the pro-active stance of Governor Schwarzenegger.

The role of industry, in particular the car manufacturing industry, in all Japan, Germany and
the US has been patrticularly significant. Germany’s plans also capitalise on its industrial
activities to make use of the vast quantities of hydrogen which are a by-product of the
chemical industry highlight another area where industry is influential in the development of
hydrogen for transport. The various approaches taken by these three countries appear to play
to the relative strengths of their economies.

The level of funding and support available in the UK, both from industry and government, is
lower and more fragmented than in other countries.

The review of experiences from other countries has indicated that the following measures are
important in overcoming economic and institutional barriers:

Developing a clear, long-term national strategy for hydrogen can enable industry to make
long-term investments in this technology;

Encouraging public-private partnerships is extremely important in ensuring that
demonstration projects are successful;

Strong, national-level co-ordination of research, development, and demonstration
activities is essential to maximise learning and efficiency, and to minimise unnecessary
duplication and in-country competition for funding;

Improving the co-ordination of funding streams (or streamlining the number of
Governmental organisations providing funds) can help to improve the effectiveness of R,
D,& D activities;

Increasing the level of funding available for hydrogen infrastructure research and
demonstration activities may be necessary.

7.1.5 Summary of recommendations for options that c ould be pursued in the
UK

Based on the research carried out for this study, it has been proposed that there are two main options
that could be pursued with regard to hydrogen infrastructure in the UK. These are as follows:

Option 1: “Watching brief — business-as-usual” scenario
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Option 2: Proactive support for the development of low-carbon hydrogen technologies

Option 1: “Watching brief — business as usual” scen ario

This option takes into account that UK is unlikely to play a leading role in the development and
demonstration of new hydrogen infrastructure and vehicle technologies, as other countries such as
Japan, Germany and the US have already carried out significantly greater levels of work in these
areas. These countries are also better able to take advantage of vehicle manufacturer research into
hydrogen vehicle technologies, which means that vehicle demonstrations are more likely to occur in
these countries. There is limited worldwide availability of hydrogen vehicles for demonstration projects
and setting up vehicle demonstrations in the UK is not a high priority for vehicle manufacturers. lItis
clear that even without significant UK involvement, work will continue abroad in developing and
demonstrating low-carbon hydrogen infrastructure and vehicle technologies. With all of the above in
mind, one option for the UK is to take a very passive role in the development and demonstration of
hydrogen infrastructure technologies; in practice, this would amount to the UK keeping a “watching
brief” on activities abroad, without investing any significant additional time, resources, and funds over
and above that already committed to the development of hydrogen infrastructure technologies. The
advantage of this option is that no additional investment would be required in the short term, however
itis likely that the UK would be excluded from some of the major demonstration and learning
opportunities. Should low-carbon hydrogen technology develop more quickly than anticipated, this
might mean that the UK is not a position to take up the new technology as quick as it needs to, or that
greater levels of short-term funding might be required in order to catch up with those countries that
made investment commitments at an earlier stage. Additionally, such an approach does not appear to
be consistent with the need to meet the UK'’s long-term climate change policy commitments and
targets, nor does it reflect the urgency of Stern Review and its arguments for more effective low
carbon energy technology policy. It is therefore recommended that the Government should not pursue
this option.

Option 2: Proactive support for the development of low-carbon hydrogen technologies

This option consists of a number of steps that would enable the Government to take a more active role
in encouraging, supporting, and co-ordinating the development, demonstration and eventual
deployment of hydrogen infrastructure technologies. In particular, it is suggested that such actions
could be important in helping to ensure that the UK is on track to achieve a 60% reduction in CO,
emissions against 1990 figures by the year 2050. Such an approach would also be consistent with the
recommendations made in the Stern Report, which states that “policies are required to support the
development of a range of low-carbon and high-efficiency technologies on an urgent time-scale”. This
approach does not mean that the Government needs to pick hydrogen as a “winner” at this stage, but
rather that in order for the long-term potential of hydrogen to be realised as a low-carbon energy
technology for transport, more and greater support is required at this stage. Based on the findings
from this study, it is suggested that a more proactive approach for supporting the development of low-
carbon hydrogen technologies could include the following steps:

Step 1: Establish a clear long-term strategy for de  veloping hydrogen for transport
applications. This step would include clarifying the long-term motivation for supporting
hydrogen as a transport fuel, the development of targets for what the UK would like to achieve
with regard to hydrogen in both the short term and the long term, development of mechanisms
to stimulate the long-term development and deployment of low carbon hydrogen production,
storage and distribution technologies, and the introduction of policy signals that indicate that
there is a long-term commitment to supporting the development of these technologies.

Step 2: Improve co-ordination and communication of hydrogen research activities in

the UK through the development of a dedicated hydro gen co-ordination unit.  The
research undertaken during this study suggests that establishing a Hydrogen Co-ordination
Unit would be of great benefit to developing and demonstrating hydrogen technologies in the
UK. Most importantly, it would also help gain clarity across Government on the UK’s position
on hydrogen technologies and would help to optimise research/demonstration efforts in the
UK.

Step 3: Provide long-term incentives and support fo r the development, demonstration,

and eventual deployment of hydrogen infrastructure. It is proposed that the Government
could provide additional targeted incentives and support to help industrial organisations
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develop hydrogen infrastructure technologies, thereby helping to accelerate their
development. In particular, additional support could be provided by:

- increasing the amount of funding available for research, development, and
demonstration activities;

- giving long-term certainty that current and new funding streams will be available to
support R&D and demonstration activities for longer periods of time than is currently
the case;

- giving a long-term commitment to keeping the duty rate for hydrogen at zero;

- regularly reviewing the operation and funding available for the DfT-funded Energy
Saving Trust alternative refuelling infrastructure grant programme

Step 4: Provide support and co-ordination for bette r and more focussed demonstration
projects. Itis recommended that demonstration projects should be linked to the overarching
strategy for hydrogen (Step 1), and that the co-ordination of these projects across the UK
needs to be improved to maximise learning and minimise duplication of effort. In the short
term, it is suggested that the infrastructure demonstration projects may need to be focussed
on supporting non-transport applications as there is a shortage of hydrogen vehicles for
demonstration activities and the UK is not well placed to take advantage of many of the
vehicles that are available. Furthermore, it is also recommended that the UK would be better
placed to focus development and demonstration activities on a smaller number of
geographical regions.

It is strongly recommended that the Government adopt a more proactive approach to the
development, demonstration and deployment of hydrogen infrastructure for transport applications, and
where possible the additional activities set out above should be implemented to help accelerate the
development of low-carbon hydrogen infrastructure technologies that can support future hydrogen
transport applications. The adoption of a more proactive approach would be consistent with the
findings of the Stern Review and would ensure that the UK is ready to adopt hydrogen technology, if a
low carbon production method were to become feasible and viable.
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The following list is a list of stakeholders who were contacted and interviewed during the course of the

project.
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Daimler Chrysler UK

Kerry Ann Adamson

Fuel Cell Today

Reiner Wurster

L-B-Systemtechnik, Germany

Dr Thomas Kattenstein

Fuel Cell and Hydrogen Network, North-Rhine-
Westphalia, Germany

Department of Transport/ Joint Technology

Matthew White Initiative

Greg Vaughan Department of Trade and Industry
Mark Evers Transport for London

Alex Veitch Energy Saving Trust

Steven Glaser

London Hydrogen Partnership/Fuel Cell
Consultant

Zoe Jennings

London Hydrogen Partnership/ GLA

Peter Speers

Cenex (Centre for Excellence for low carbon and
fuel cell technologies)

Ruth Dixon

Cenex

Robert Evans

Cenex

Greg Archer

Low Carbon Vehicle Partnership

David Hart E4Tech/Imperial College
Paulo Agnolucci Policy Studies Institute
Mark Nailis Centre for Process Innovation

Rupert Gammon

Crest / Bryte Energy

John Tampkins Roush

Andrew Winship BOC/Linde

Andrew Eastlake Millbrook

James Barbour UK Petroleum Industry Association
William Reinert Toyota

lan Williamson

Air Products
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Appendix IlI: Project Website

A website has been designed to disseminate project information to interested stakeholders. The
website is now live, using the following web site addresses: www.hydrogen-infrastructures.co.uk and
www.hydrogen-infrastructures.com.

The web site addresses have been purchased for the maximum period possible to ensure that
stakeholders will be able to access information on the project results when they become available.
The site will be maintained by AEA. Before uploading any documentation to the website, AEA will first
seek the approval of the Department for Transport.
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