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Abstract 

An important step in the transition towards a hydrogen-based energy system is the build-up of 
hydrogen infrastructure. The build-up of this hydrogen infrastructure is strongly hampered through all 
kinds of technological-, economic-, political- and institutional barriers. This research project focuses 
on the institutional barriers that hamper the development of hydrogen infrastructure in the Corridor.  
The institutional barriers can be addressed by means of an institutional support scheme (ISS). An 
institutional support scheme consists out of three institutional support mechanisms; financial 
incentives, regulations, and other support measures. These three components consist out of a collection 
of institutional support measures. The main goal of this research project is to provide policy 
recommendations for the (further) build-up of an ISS for hydrogen infrastructure in the Corridor. 
These recommendations are based on two different perspectives. In the first place, viewed from a 
theoretical perspective, a characterization is given for an ideal ISS, along with a table of requirements 
for an ISS for different transition phases. The real ISSs can be examined in relation to this table of 
requirements. Secondly, viewed from an empirical perspective, reviewing two other countries (UK 
and California) and their experience in building-up an institutional support scheme for hydrogen 
infrastructure (embedded within different institutional contexts) gives us insights into and learning 
experience for the potential build-up and refinement of an ISS in the Corridor. Based on the results it 
can be concluded that the UK and the Corridor are still in the pre-development phase of the transition 
and the State of California is in the take-off phase. Furthermore, it can be concluded that California 
fulfills most of the requirements derived for an ideal ISS for the pre-development phase, as well as for 
the take-off phase. The Corridor and the UK fulfill none (or a small fraction) of the requirements 
derived for an ISS for the pre-development phase. For the Corridor it is recommended to design a real 
ISS for the pre-development phase, as well as for the take-off phase, which fulfills most of the 
requirements derived for an ideal ISS. Based on our findings from the UK and the California case 
several institutional support measures could be suggested for application in the Corridor for the pre-
development phase. Examples are; implementation of production- and investment- subsidies, the 
launch of a formal partnership (supported by a project management bureau), the implementation of a 
National Hydrogen Programme, Enhanced Capital Allowances, accelerated depreciation, a hydrogen 
facilities permitting website, the construction of a document for safety of hydrogen and fuel cell 
systems, and possibly the construction of a hydrogen standard- and code matrix. However, the 
feasibility of applying these suggested support measures in the Corridor strongly depends on the 
characteristics of the institutional context. 
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organizing commission for the grand-opening and launch of the Fuel Cell Boat. Unfortunately, 
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her critical note and useful feedback that enhanced the quality of this thesis. Furthermore, I would like 
to thank Esther Keijser, my mentor at SenterNovem, for her enthusiasm and optimism towards my 
research project. And finally, I would like to thank Frank Denys, a colleague at SenterNovem, Ingo 
Bunzeck from ECN, and Harm Eetgerink and Piet Stout from Stoutgroep for their support. And last 
but certainly not least, my parents, Hans & Irene, my sister Rosanne, and of course my girlfriend 
Gerda who supported me every day in my work.  
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1. Introduction 

 
 From a global perspective, direct combustion of fossil fuels for transportation and heating 
accounts for more than 50% of greenhouse gas emissions and about two-thirds of primary energy use 
[1]. Even with continuing incremental progress in energy technologies, most energy forecasts project 
that primary energy use and emissions of greenhouse gases will grow over the next century because of 
increasing demand. Energy-supply security is a serious concern, particularly for transportation fuels. 
In the last decade a variety of alternative fuels have been proposed that could help to address future 
environmental and energy-supply challenges. Examples are reformulated gasoline or diesel, methanol, 
ethanol, synthetic liquids, compressed natural gas and hydrogen. Out of these alternatives hydrogen 
(H2) can be seen as the one with the highest potential, mainly because it is an energy carrier that can be 
made from a variety of widely available primary energy sources including natural gas, coal, biomass, 
wastes, sunlight, wind and nuclear power [2, 3]. 
 
These promising expectations about hydrogen are expressed in the vision of a (technological) 
transition towards a hydrogen-based energy system (or hydrogen economy), in which hydrogen and 
electricity form a permanent energy system. The key technologies in such an energy system are 
technologies for hydrogen production, storage, transportation and utilization. Technological transitions 
are defined as major technological transformations in the way societal functions such as transportation, 
communication, housing, and feeding are fulfilled [4]. However, in order to make the shift towards a 
hydrogen-based energy system, society needs to overcome all kinds of technological, institutional, 
economic and political barriers [5]. 

 
An important step in the transition towards a hydrogen-based energy system is the development of a 
well organized and structured hydrogen infrastructure [6, 7, 8, 9]. Hydrogen infrastructure is 
concerned with developing the best ways (e.g. infrastructure pathways) to generate, store, distribute, 
and dispense hydrogen fuel for a range of applications. Unlike natural gas and gasoline, hydrogen is 
not widely distributed to its consumers and building hydrogen infrastructure is often seen as a 
substantial problem. For instance, building this infrastructure requires substantial amounts of capital. 
However, firms will only invest when risks are relatively low and the benefits reasonably clear. For 
now, this is not the case for hydrogen and therefore firms are very reluctant to invest in hydrogen 
infrastructure [10, 11]. Furthermore, it is difficult to make an estimation of the market size and final 
demand for hydrogen, making it difficult to set up strategies towards hydrogen infrastructure 
development [12, 13, 14]. Distribution and storage options for hydrogen (e.g. pipelines, salt caverns) 
are problematic issues [15, 16]. There are so many options (each with their advantages and 
disadvantages) causing many complex decision making processes and political resistance. And finally, 
there is a strong lack of a clear strategy towards hydrogen infrastructure development [17, 18, 19]. 
Besides the barriers related to the economics (e.g. costs), political resistance (e.g. complex decision 
making) and the technology (e.g. many options for storage and distribution), the build-up of hydrogen 
infrastructure also faces several institutional barriers. In fact, there is no clear understanding of what 
the necessary institutional change looks like which could support the transition towards a hydrogen-
based energy system [20, 21].  
 
In this research project the focus is primarily on the institutional barriers that hamper the development 
of hydrogen infrastructure. Some examples of institutional barriers are, for instance; a limited amount 
of financial support, lack of a clear policy framework, no regulations, absence of standards & codes, 
etc. One of the main reasons for focusing on the institutional barriers is the fact that in the context of 
transition management institutions are crucial [22].  Institutional barriers can be addressed by means 
of an institutional support scheme (ISS). An ISS consists out of different categories of institutional 
support mechanisms (e.g. regulative, financial) [21, 23, 24, 25, 26, 27]. The institutional support 
mechanisms can be defined as a collection of institutional support (IS) instruments applicable to 
enable R&D, market introduction and commercial deployment of a technology [24, 25, 26, 27, 28].  
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In general, it seems that the effectiveness of an ISS depends on factors like the institutional context 
(country-specific) and the current status of the technology [25, 26, 27, 28, 29, 30]. Considering the fact 
that technology develops through different stages, the institutional support scheme should be designed 
in such a way that enables it to co-evolve with technology [28, 29]. This research project aims to shed 
light on and gain insights into some aspects of the necessary institutional change that should take place 
along the transition towards a hydrogen-based economy. These insights might be valuable for 
stakeholders that currently dominate the energy supply infrastructure, actors who have an interest to 
become involved in hydrogen infrastructure development, actors that are willing to invest, and 
governments who have a major role in defining the boundary conditions for hydrogen infrastructure. 
 
The construction of such an institutional support scheme for hydrogen infrastructure is an important 
issue. The main reason for this is the fact that it can be expected that along the hydrogen supply chain 
industries and stakeholders want to know what the long (and short) term conditions will be which will 
coincide with the introduction of their products/technologies to the market [31, 32, 33]. The design 
and construction of a tailor-made institutional support scheme for hydrogen infrastructure needs 
careful thought and thorough attention [34]. Although the effectiveness of the institutional support 
mechanisms for renewable energy (e.g. regulations) has been studied extensively, there are hardly any 
studies available clearly indicating what combination of instruments is most effective for a specific 
technology (e.g. hydrogen technologies) at a certain market stage.  

 
Despite the many barriers described above, in the Netherlands and its surrounding regions (Belgium-
Flanders (FL), and Germany-Nordrhein Westfalen (NRW)) there are several research-, development-, 
and demonstration projects taking place in which hydrogen is seen as the energy carrier of the future 
for mobile applications in the transport sector. Furthermore, the Dutch Innovation Agenda has selected 
Hydrogen Mobility and New Gas as two programs that need to be further developed in the upcoming 
years. The Dutch government aims at developing a program which is completely in line with the ‘Joint 
Technology Initiative Fuel Cell and Hydrogen’ (JTI), and in such a way that large scale demonstration 
projects and R&D can be performed together with European partners (European Union-EU). The 
Dutch government strives for the realization of a region which receives international recognition as a 
strong and competitive hydrogen region. A possibility for realizing such a region might be the 
formation of two corridors between the Randstad, Nordrhein Westfalen and Flanders. This idea is 
based on the fact that each region has unique infrastructural characteristics and there exist strong ties 
between them [35, 36]. The Ministries of Transport, Public Works & Water Management (VenW) and 
Economic Affairs (EZ), and the platforms sustainable mobility and new gas, which are both platforms 
(with experts from the government and industry sector) concerned with the acceleration of market 
introduction of sustainable fuels and vehicle technologies [37], are aiming to integrate this vision in 
the formulation of a demonstration and introduction programme for hydrogen: “The National 
Hydrogen Programme”. Two important aspects of a (possible) National hydrogen Programme are the 
build-up of an institutional support scheme and formulating a clear strategy towards the development 
of hydrogen infrastructure [38]. This project aims to shed light on the first aspect and the following 
main research question is formulated;  
 
Main Research Question (RQ): 
What policy recommendations can be given for the (further) build-up of an institutional support 

scheme for hydrogen infrastructure in the Corridor formed between the Netherlands, Nordrhein 

Westfalen and Flanders? 

 

The main goal of this research project is to provide policy recommendations for the further build-up of 
an institutional support scheme for hydrogen infrastructure in the Corridor (main case). These 
recommendations will be based on two different perspectives. In the first place, viewed from a 
theoretical perspective, a characterization will be given for an ideal ISS. In the second place, viewed 
from an empirical perspective, reviewing two other countries and their experience in building up their 
ISSs for hydrogen infrastructure (embedded within different institutional contexts) gives us insights 
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into and learning experience for the potential build-up and refinement of an ISS in the Corridor. The 
results from these cases studies can be used in order to validate the theoretical approach. Most insights 
are gained by performing literature reviews and conducting interviews. In order to give a proper 
answer to the main RQ the following sub questions are formulated; 

 

Sub questions (SQs): 

1. What are the main characteristics of an ideal ISS (for hydrogen infrastructure)? 

2. What are the characteristics of the real (current) ISSs in the Corridor and the other two 

cases? 

3. What are the main characteristics of the institutional contexts of the Corridor and of the other 

two cases? 

4. What can be learned from the other two cases for the (further) build-up of an ISS in the 

Corridor? 

 
This report presents the results of a research project about the build-up of institutional support 
schemes for hydrogen infrastructure in the Corridor, and in two other cases. Chapter 2 describes some 
technological background information about hydrogen infrastructure and its technological 
components. Chapter 3 describes the theoretical framework for this project. It describes the 
characteristics of institutional support schemes in general, followed by a typology of different 
institutions. Furthermore, the concept of institutional thickness is explained in order to provide 
insights into the institutional context of a region. The remainder of chapter 3 describes relevant 
concepts from transition theory; Multi Level Perspective (MLP), and the transition development cycle, 
along with an explanation of the role of institutions in technological transitions. Chapter 3 ends up 
with a conceptual model. Chapter 4 describes the methodology used in this project. It describes the 
case study selection method along with a case study protocol, and it operationalizes the concept of 
institutional thickness. Chapter 4 ends by describing some validity issues and describing the data 
acquisition methods. Chapter 5 describes the results of the three case studies according to the 
analytical framework presented in chapter 3. Chapter 6 describes the comparative analysis between the 
case studies (resulting in the policy recommendations), and chapter 7 ends up by describing the main 
conclusions, by giving answers to the research questions, and it opens up some points for discussion. 
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2. Hydrogen Infrastructure Pathways 

 
 Hydrogen is seen as a promising energy carrier for future energy systems. Besides the 
progress made in hydrogen technologies, increasingly people start to think of how such an energy 
system would look like. This chapter describes some of the characteristics of hydrogen infrastructure 
pathways and the potential hydrogen infrastructure technological components. An important step 
towards the realization of a hydrogen-based energy system is the build-up and development of 
hydrogen infrastructure. Hydrogen infrastructure is defined as the energy supply chain which is 
required to produce, store and deliver hydrogen to the end consumer [18]. Like any supply chain it 
consists out of several distinct components. At each of the components along the hydrogen supply 
chain there exist a large variety of technological options. There are many combinations of 
technological options possible along the hydrogen supply chain (infrastructure pathways). In the first 
place, hydrogen can be manufactured from a variety of primary energy sources and it can be 
distributed in a variety of forms, using different technologies. Gaseous hydrogen, for instance, can be 
distributed in pipelines over a long distance, while liquefied hydrogen can be transported by trucks, 
rail or ship. Hydrogen can be produced either centrally or decentrally. When preferring a centralized 
hydrogen production option, this would be analogous to current gasoline supply chains, where large 
quantities of gasoline are produced centrally and then distributed to its refueling stations and other end 
consumers. Alternatively, hydrogen can also be produced onsite, by using small scale reformers. This 
scenario would make use of the existing natural gas and electricity grid, and thereby avoiding the 
additional distribution costs. As can be seen in figure 1, many technological options exist along the 
hydrogen supply chain. For brevity reasons I will not further discuss each of the options in this report.  
 
This chapter is meant to give an impression of the possibilities and characteristics for building up a 
hydrogen infrastructure. Each of the pathway options has its own unique advantages and 
disadvantages. Cost, operability, reliability, environmental impacts, safety and social implications are 
all performance measures that should be considered when assessing and comparing the different 
pathways. However, what can be foreseen is that for hydrogen to succeed as the fuel of a sustainable 
future, a commitment is required to create an entirely new refueling infrastructure, from production, 
through storage and distribution, to dispensing. Large scale future use of hydrogen as a carbon-free 
energy carrier requires production of hydrogen using multiple sources and a connected infrastructure 
network (e.g. refuelling stations). Designing and installing this hydrogen infrastructure for future 
demand is of primary importance for the global use and acceptance of hydrogen. However, this 
infrastructure is also seen as one of the main bottlenecks of hydrogen based energy systems. 
Nevertheless, the build up of large scale hydrogen infrastructure is gaining importance due to the 

following developments [39]: hydrogen 
developments in the car industry have 
picked up at a higher pace, the big car 
producers are introducing their new 
generation of FCVs. Furthermore, large 
scale use of hydrogen requires hydrogen 
infrastructure supporting it, hydrogen 
production methods can be discontinuous 
and not located where the hydrogen demand 
occurs. This is specifically relevant for the 
production of renewable hydrogen from 
wind or solar energy in the long run, large 
scale use of hydrogen will require mass 
storage comparable to natural gas to balance 
supply and demand, and hydrogen will be 
produced from multiple energy sources 
making mass storage interesting with regard 
to security of supply of energy. 

Figure 1: hydrogen infrastructure technological components [18] 
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3. Theoretical Framework 
 
 In this research project the build-up of hydrogen infrastructure is viewed as a technological 
transition. The multilevel perspective advocates that such technological transitions can be pursued 
through development in technological niches. Technological niches are frequently manifested through 
the formation of associations, partnerships, coalitions or lobby groups, which develop demonstration 
and deployment activities and seek for resources for the technology. However, technological niches 
can also be considered in terms of networks of actors embedded in a particular local context, with 
regions developing and deploying new technologies [40], and therefore, in this research we may 
consider specific regions as such technological niches. The first part of this chapter (section 3.1 and 
3.2) provides insights into the general characteristics of institutional support schemes and describes 
different types of institutions. The second part of this chapter describes the relevant concepts from 
transition theory such as; socio-technical regimes, the multi-level perspective and technological 
transitions, how they are related, and explains there dynamics (section 3.3).   Section 3.4 describes the 
role of institutions in technological transitions, and section 3.5 describes further insights into the MLP 
leading up to a table of requirements for institutional support schemes and a conceptual model. 

3.1 Institutional support schemes 

This section provides general insights into the main characteristics of institutional support schemes 
which are able to support innovation and technology development. New technologies are constantly 
developed with the aim that one-day they will be able to enter the main market [41, 42]. For new 
technologies it is hard to enter the market and compete with existing technologies. New technologies 
face all kinds of barriers that need to be overcome, such as, higher investment- and operational costs, 
infrastructure needs, low capital stock turnover, regulations, standards & codes, market organization, 
etc. Some of these barriers may be overcome by means of (temporary) institutional support schemes 
[25, 28, 29, 30, 40, 41, 43]. In principle, an institutional support scheme consists out of three different 
categories of institutional support mechanisms; regulative, financial incentives and other support 
measures [25, 26, 27, 28, 30, 34]. An institutional support mechanism can be defined as a collection of 
institutional support instruments/measures applicable to enable R&D, market introduction and 
commercial market deployment of a technology [25]. The effectiveness of institutional support 
schemes depends on factors like the institutional context in which they are embedded and 
technological maturity [28, 29, 30, 43]. Considering the fact that technology develops through 
different stages of technological maturity, the institutional support scheme should be designed in such 
a way that enables it to co-evolve with technology [29]. 

3.2 A typology of institutions 

The first part of this section describes the concept of institutions and provides a typology of different 
types of institutions. The second part describes the concept of institutional thickness which can be 
used to describe the institutional context of a specific region/country. Following North we propose to 
distinguish the concepts of organizations and institutions in the following manner [44]: “Institutions 
consist of formal rules and informal constraints (such as behavioural standards and social 

conventions), and ultimately, they constitute the ‘rules of the game’ in society. Organizations, meaning 

the group of agents involved in practising a finalized activity, represent the players. In other words, 

organizations constitute a space for defining practises and strategies of agents within a group of rules 

shaped by the institutional framework inside which these organizations are positioned”.  
 
As mentioned in section 3.1, an institutional support scheme consists out of three different types of 
institutional support mechanisms (regulative, financial or other). The institutional support mechanisms 
consist out of a set/collection of different institutional support measures. Each of these institutional 
support measures has its own characteristics. However, they can be divided into the following 
categories [24, 25, 26, 27, 28, 30, 34]: investment- vs. production focused, technology specific vs. 
generic support, supply vs. demand-oriented support, and price-driven vs. quantity-driven support. 
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• Investment- vs. production focused institutional support 

In general, in the early stages of development new technologies face high R&D- and investment costs 
[24, 25, 41, 42]. Investment focused institutional support measures are aimed at counterbalancing 
these high R&D and investment costs [24, 25, 26, 27]. Investment focused support measures are aimed 
at stimulating capacity build-up of the new technology [24, 25, 26, 27]. Examples of investment 
focused support measures are: investment subsidies and low interest loans. As deployment rates go up, 
the operation and exploitation costs, or costs per produced GJ [24, 25], of the technology starts to 
become a major barrier [26, 27, 41, 42]. Production focused support measures are aimed at reducing 
these high operation/exploitation costs of new technologies [21, 24, 25, 26, 27]. An example of a 
production focused support measures is a production subsidy [25, 28]. 
 

• Technology-specific vs. generic institutional support  

In the early stage of technology development competition with the conventional technology on costs is 
hardly possible. The new technology faces all kinds of technology specific barriers [24, 25, 26, 27, 41, 
42]. Institutional support measures specifically aimed at reducing technology specific barriers are 
technology specific support measures. Examples of technology specific support measures are [23, 24, 
25, 28]: R&D subsidies for one specific technology, tax incentives for one specific technology, etc. 
When the technology is getting nearer to the market and cost competitiveness has increased the new 
technology is able to compete with alternative options [41, 42]. The market may decide which 
technology is preferred [20, 43, 69, 130], and institutional support measures may shift towards more 
generic support, supporting alternatives as well [24, 25, 26, 27, 28]. Examples of more generic support 
measures are: emission trading schemes, public procurement. 
 

• Supply- vs. demand-oriented institutional support  

For new technologies it is important to be deployed in niche markets where costs can be further 
brought down. Eventually, for every new technology both barriers in supply and demand may have to 
be overcome [21, 24, 25, 26, 27, 29, 41]. Institutional support measures targeting consumption, like 
public procurement, tax exemptions for consumers, stimulate the demand [24, 25]. Supporting the cost 
of investment or exploitation/operation of production options with for instance subsidies stimulates the 
supply [24, 25, 26, 27].  
 

• Price-driven vs. quantity-driven support  

Finally, institutional support measures can be categorized as being price-driven or quantity driven. 
Price-driven support measures have an effect on the price of a specific technology [56]. For instance, 
financial incentives are used to cover the additional costs of new technologies compared to its 
conventional alternatives. Examples of price-driven support measures are: investment subsidies, tax 
incentives [21, 24, 25, 28]. Quantity driven support measures are aimed at achieving certain amounts 
of production level or quantity of a specific technology. Examples of quantity-driven support measures 
are quota obligations, public procurement, etc., [24, 25, 26, 27].  
 

Institutional thickness 
As mentioned in section 3.1, the effectiveness of institutional support schemes also depends on the 
institutional context in which they are embedded. The institutional context can be characterized by 
using the concept of institutional thickness [45, 46, 47]. The institutional thickness of a territory (e.g. 
the corridor) can be defined as a combination of factors, including inter-institutional interaction (e.g. 
alignment) and their synergy, a collective representation by many bodies, a common industrial 
purpose and shared cultural norms and values [45,46]. The concept of institutional thickness may be 
conceived as a building block for an analytical approach to the analysis of the role of institutions in 
regional development [47]. The concept of institutional thickness has four constitutive features 
(dimensions): 1. a strong local institutional presence, 2. high levels of interaction between local 
organizations, 3. a mutual awareness of being involved in a common enterprise, and 4. structures of 
domination and/or patterns of coalition. A strong institutional presence can be defined as the existence 
of a variety of organizations, such as groups of firms, financial bodies, industry, chamber of 
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commerce, business service organizations, trade unions, local and regional authorities, and 
government agencies. Some of these organizations provide a collective representation within a specific 
institutional context. High levels of mutual interaction can be characterized by the form of regular 
contacts, both formal and informal, at various organizational levels; and in the form of cooperation 
and information exchanges. A mutual awareness of being involved in a common enterprise is best 
expressed in a common agenda. And finally, structures of domination and/or patterns of coalition 
characterize the structure of relationships and reflect the relative power base of different organizations.  
 
As mentioned before, the effectiveness of institutional support schemes depends on the institutional 
context (institutional thickness) and technological maturity. In other words, the effectiveness of an 
institutional support scheme depends on the ability to follow technology development. Before, looking 
at the role of institutions in technological transitions, we will first look into the concept of 
technological transitions.  

3.3 Technological transitions and the Multi Level Perspective 

Nowadays, an important research area within Innovation Study Research is the analysis of 
technological transitions [22, 48]. When looking into technological transitions we need to look further 
into the concept of technological regimes. Following Rip and Kemp we can define a technological 
regime: “A technological regime is the grammar or rule-set embedded in a complex of engineering 
practices, production process technologies, product characteristics, skills and procedures, ways of 

handling relevant artifacts and persons, ways of defining problems- all of them embedded in 

institutions and infrastructures, which make up the totality of a technology” [4]. A technological 
regime produces technological trajectories. Technological regimes thus create stability in the direction 
of technological development. In other words, a technological regime provides the context for 
technological development [49]. Technological transitions go beyond mere technological changes and 
also include elements such as user practices, regulations, industrial networks, infrastructure, and 
symbolic meaning. The transition towards a Hydrogen economy and the build-up of hydrogen 
infrastructure is an example of such a technological transition.  
 
The Multi-Level framework described by Geels [22] describes how technological transitions come 
about and it advocates that technological transitions are determined by phenomena at three levels: i) a 
‘micro’-level of technological niches, which are ‘protected’ spaces in which actors search and learn in 
various ways about new technologies and their use, ii) a ‘meso’-level of socio-technical regimes, 
which are rule-sets that are built up around a dominant technology and grant it stability; it refers to the 
‘common sense’ activities of actor groups, iii) a ‘macro’-level of socio-technical landscapes, 
consisting of a range of contextual factors that influence technological development but that cannot be 
changed directly by actors. Each of these analytical levels is further explained below. 

 

Micro-level 
At micro level new technologies emerge. In principle, their performance is initially low, the costs are 
high, there is huge amount of uncertainty about precise form and function, and there is no stable social 
network to support them. Generally, new technologies first develop in these ‘protected spaces’. Such 
protected spaces form niches for radical novelties, in which they are protected from direct competition 
with conventional technologies in existing technological regimes [50]. Niches may have the form of 
small market niches, where selection criteria are different from the existing regime. Otherwise, they 
may have the form of technological niches, where resources are provided by public subsidies or 
strategic company investments. A technological niche can be defined as:“A loosely defined set of 
formal and informal rules for new technological practice, explored in societal experiments and 

protected by a relatively small network of industries, users, researchers, policy-makers and other 

involved actors” [22]. Once the development in niche markets results in robust technologies with 
better price/performance ratios than the conventional technology, the technologies can enter 
mainstream markets. In literature, technological niches can be categorized into experimental projects, 
pilot projects and demonstration projects [51]. Experimental projects provide space for interactions 



    An institutional support scheme for the development of hydrogen infrastructure          

S.A.Talle 

15  

 

between actors and the build-up of social networks. Demonstration and pilot projects also provide 
space for learning and articulation processes with regard to technical design, user preferences, 
regulation, infrastructure requirements, and cultural meaning [51].  

 

Meso-level 
The socio-technical regime constitutes the meso level in the Multi Level Perspective. The dynamics of 
the socio-technical regime brings about a socio-technical trajectory, a pattern that emerges from 
dominant ideas and practices in engineering, use, policy making and scientific research. This socio-
technical trajectory can be characterized with technological descriptions like used standards or 

technical performance. 
The socio technical regime 
provides a stable structure 
of 7 dimensions in which 
actors behave and 
innovate (figure 2). Socio-
technical regimes are very 
dynamic because of 
external influences on the 
regime, both coming from 
innovations and changes 
within other regimes. 
When all the existent 
socio-technical trajectories 
are combined, they form 
the socio-technical 
landscape. 
 

 

 

 

Macro-level 
The socio-technical landscape consists of a range of contextual factors that might influence 
technological development but that cannot be changed directly by the actors. These contextual factors 
are characterized by changes at a very large scale which influence society as a whole. Some examples 
are economic growth, emigration, environmental problems, oil prices, economic crisis, etc. 
Developments at landscape level are very inertial enabling new technologies only to develop in 
particular directions. When using the Multi Level Perspective for the analysis of Technological 
Transitions it is very important to take into consideration the alignment between the three levels. 
 

Alignment and dynamics between the three levels 
Following Raven [39] we can conclude that one of the most important insights from the MLP is that 
the direction and outcome of technological development is not the result of dynamics on any one of 
the levels, but occurs as linkages between them. The relationship between the three levels can be 
understood as a nested hierarchy. This hierarchy means that the socio-technical regimes are embedded 
within the landscape and technological niches within the socio-technical regime [29, 41, 43]. The 
work performed in technological niches envisages the problems existing in the existing socio-technical 
regime. There are some actors which support the niche activities hoping that the novel technology will 
be used in the socio-technical regime, or possibly replace it. Technological niches are crucial to 
system innovations, because they provide the seeds for change (figure 3). In the MLP the concept of 
and developments within technological niches helps to get a better understanding of the origin of 
radical innovations. However, technologies which come into contact with the outside world via, for 
instance, demonstrations projects, can lead to the transformation of the technology and the existing 
socio-technical regime. New rules can emerge, that influence selection (regulations) and the 

Figure 2: The seven dimensions 

of a socio technical regime [22] 
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technological surrounding the technology comes from (design practices, standards). When the 
selection and technological environment are tuned to each other, the niche can stabilize and grow. If 
technologies developed in niche markets come to influence the incumbents in a way that the function 
so far provided by a system is provided in a different way, a transition might be initiated [38]. In order 
to increase the chances of a technological breakthrough, in case of a technological transition, there 
needs to be coordination and alignment of developments at various levels (niche-, regime-, and 
landscape level). The MLP highlights the importance of windows of opportunity and the alignment 
and coordination of multiple developments at multiple levels. This coordination and alignment can, for 
instance, be stimulated by an institutional support scheme, which will be further explained in section 
3.4 and 3.5.  
 

 
 
 

 
In order to understand how technological transitions or system innovations occur it is important to 
understand how the interaction between the three levels of the Multi Level Perspective evolves 
dynamically over time. In a technological transition four development phases can be distinguished 
(figure 4), following the work of Rotmans et al (2001) [41]. The transition development phases can be 
linked to the developments at different levels (MLP) in order to describe how the interaction between 
the three levels evolves [29, 41]. (figure 5). 
 

 

Macro Level: 

Landscape 

Meso-level: 

Socio-technical 

regime 

Micro Level:  

Technological 

niches 

Figure 4: The four phases of 

technological transitions [41] 

Figure 3: The Multi Level 

Perspective [40] 
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Phase 1 (Pre-development): This is the phase where novel technologies start to emerge in 
technological niches (2 in figure 5). The technological functioning of these niches is strongly bounded 
by the existing regime (1 figure 5). In the pre-development phase there is no specific dominant design 
and different technologies might be competing with each other. Most actors that are aware of the 
technological potential engage in experiments in order to work out the best design and to find out what 
the user preferences are. In the final stage of the pre-development phase several developments at 
landscape level exert pressure on multiple dimensions of the existing socio-technical regime (3 in 
figure 5) creating windows of opportunity for the novelties to break through [29, 41, 43]. 
 

Phase 2 (Take-off): The second phase is characterized by an increasing amount of applications in 
small market niches. These small market niches provide the opportunity for further technical 
specialization and exploration of new and other funcionalities of the novel technology. Gradually, 
there is emerging a new technological transition. A new dedicated community of engineers and 
producers looking for the best practices of the novel technology and directing their main activities 
towards further improvement. The engineers start to develop new rules and the technology starts to 
develop a long technological trajectory. As a result of learning processes the technology starts to 
improve gradually. Users increasingly start to interact with the new technology and build experience. 
The take-off phase can also be described by an emerging dominant design and the articulation of user 
preferences, where the process of change starts to gets under way and the system begins to shift. The 
elements gradually start to link together stabalizing into a new socio-technical (ST) configuration (4 in 
figure 5). This new ST configuration is however not (yet) dominant. The first applications in niche 
markets allow suppliers and users to ‘learn by doing’ and ‘learn by using’ in order to make further 
improvements in performance and costs. The second phase can also be characterized by increasing 
outputs; the design of the product begins to stabilize, product innovations begin to decline, and the 
production process itself becomes more refined [29, 41, 43]. 

 

   
Figure 5: the dynamic MLP [29] 

1 

2 

4 

3 

5 

6 



    An institutional support scheme for the development of hydrogen infrastructure          

S.A.Talle 

18  

 

Phase 3 (Acceleration): The third phase is called the acceleration phase. Structural changes take place 
through economic, environmental, socio-cultural and institutional changes. All of these changes start 
to react to each other. Many collective learning processes are taking place. The third phase can be 
characterized by a further break through of the novel technology and competion with the existing 
regime (5 in figure 5). As already mentioned, the MLP highlights the point that breakthroughs of novel 
technologies depend on the fact if ‘windows of opportunity’ have arised. In principle, following Geels 
[29] there are five different circumstances which are important for ‘windows of opportunity’ to arise: 
1) technical problems in the established regime cannot be solved with the existing technology, 2) 
negative externalities (problems external to the system), 3) stricter rules in the established regime, 4) 
changing user preferences, 5) landscape changes that put pressure on regime (increasing oil price, 
climate issues etc.). In fact, in the take-off and acceleration phase, niche and early markets can exist 
(and are gradually growing in size) because the new technology has technological, environmental or 
financial advantages compared to the conventional technology [29, 41, 43]. 
 

Phase 4: (stabilization): In the fourth phase the existing regime will be gradually replaced by the new 
technology, and a new socio-technical regime emerges. This change is accompanied by changes in all 
dimensions of the socio-technical regime. Eventually, market shares are beginning to stabilize, 
innovations become even less important and the management, marketing and manufacturing 
techniques become more refined. In the stabilization phase the new socio technical regime influences 
the landscape as well (6 in figure 5) [29, 41, 43]. 
 
From the MLP it has become clear that if companies, organizations and the government work towards 
creating opportunities for the niche and regime to interact, the chance of achieving an uptake of a 
technology at the regime level is at its best. In order to increase the chances of a technological 
breakthrough (technological transition) there needs to be coordination and alignment of developments 
at various levels. An appropriate institutional set up is critical to this process. 

3.4 The role of institutions in transitions 

The institutional support scheme consists out of institutional support measures which stimulate the 
developments at niche-, regime-, and landscape level. When existing socio-technical regimes are 
stable, it is difficult to enforce major changes. However, policy makers can influence developments at 
niche- and regime level, eventually aimed at making a connection between the two levels [29]. As 
already mentioned, different support measures can be used for these ends. According to the MLP an 
institutional support scheme for a novel technology should fulfill two major functions. In the first 
place, it should be able to exert pressure on the existing socio-technical regime, creating ‘windows of 
opportunity’ for the novel technology to break through. Secondly, it should be able to increase the 
attractiveness of the novel technology to emerge in niche markets [42], for instance, by means of 
financial incentives (e.g. subsidies). In fact, this strategy can be further refined if we consider the fact 
that different institutional support measures are needed in different phases of the technological 
transition (figure 6). 
 
Phase 1 (pre-development): In the pre-development phase of a technological transition experimenting 
with alternative technologies and look for interesting combinations between (multiple) new 
technologies is a familiar pattern [29, 49]. The greatest barrier in the pre-development phase is the fact 
that universities, industries and research industries face high R&D and investments costs and there are 
absolutely no revenues [41, 42]. The outcome of basic R&D is very unpredictable, because it is not 
certain, on beforehand, if a specific technology is applicable in a specific product. At niche level 
applied research takes place when innovator firms develop the technologies because they believe there 
is a market [30, 41, 42]. The new technology is demonstrated in real life conditions, but still at a small 
prototype scale. In the pre-development phase there is a need for institutional support measures that 
stimulate experimentation, learning, vision building and network building [49]. And additionally, 
following Geels [29], in the pre-development phase of a transition, there is a strong need for 
technology specific, investment focused and supply-oriented support measures (e.g. investment 
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subsidies), which could bring down the additional costs of end-use applications, increases the 
attractiveness of the novel technology to emerge in niche markets, and supports developments at niche 
level (1 in figure 6) [29, 30, 41, 49]. 
  
Phase 2 (Take-off): In the second phase (take-off) the process of change gets under way because the 
state of the system begins to shift [29, 30, 41, 42]. In this phase it is important to make the transition 
visions more specific (e.g. conferences) [29]. The take-off phase still faces major cost barriers and 
therefore, following Geels [29], there is still a need for technology specific, investment-focused 
institutional support measures (e.g. R&D subsidies).The demand for the novel technology is slowly 
increasing so besides the supply-oriented support measures there is also a need for demand-oriented 
support measures (2 in figure 6) [29, 41]. Simultaneously, following Geels again, financial and 
regulative support measures are necessary to increase the pressure on the existing regime (3 in figure 
6). In fact, these support measures (e.g. regulations) might stimulate developments at landscape and 
regime level. As a start, these support measures need not to be very strong, because niches have not 
been able yet to prove themselves (no stable design, still price/performance improvements need to be 
made, etc.) [29, 41, 49], but these support measures might create possible ‘windows of opportunity’ 
for the novel technology to break through [29]. 
 

 
 

Figure 6: Characteristics of an ideal ISS for transitions according to MLP [29] 

 
Phase 3 (acceleration): in the acceleration phase the system innovation gains momentum (see figure 
6) [29, 41]. Further support measures are necessary to push the new technology [29].  In this phase of 
the transition there is still a cost barrier [41, 42], but in order to bring down these costs, ramping up the 
deployment of end-use applications seems necessary in order to reach economies of scale. Technology 
specific support may hamper the competition between several alternatives, which might create market 
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imperfections [29]. Because of this it is important to bring back the technology specific support to 
more generic support as soon as market introduction has started [29, 30]. The technology can be 
further supported by additional regulations (e.g. standards) and more demand/supply-oriented support 
measures (e.g. public procurement). In the acceleration phase of a transition it is also important to 
monitor the impacts of the technology, learn about them and if necessary adapt the institutional 
support measures (4 in figure 6) [29, 49]. In the acceleration phase it is also important to further 
increase pressure on the existing regime in order to create more ‘windows of opportunity’ for the 
novel technology to break through (6 in figure 6) [29].     
 

Phase 4 (stabilization): In the stabilization phase the wider diffusion of the new technology requires 
changes/adjustments in all dimensions of the socio-technical regime (e.g. infrastructure, regulative, 
etc.) [29, 41, 42]. More competitors enter the market and redefine performance requirements. The 
technology improvement starts to stabilize and market penetration slowly increases. In the new socio-
technical regime superior competitors start to dominate the market [29, 41, 42]. Following Geels [29], 
in the phase where technology starts to stabilize in a new socio-technical regime (stabilization phase) 
the need increases for performance-oriented and more generic support (e.g. emission trading schemes). 
Technology specific support is not needed anymore because the market itself will take care of it [29, 
30]. Financial incentives (e.g. taxes) are becoming too costly and need to be abominated and replaced 
by more generic support measures [29]. Further institutional support is needed which contributes to 
the further stabilization of the new socio-technical regime. The impact of the new technologies needs 
to be monitored and if necessary the institutional support should be adjusted (5 in figure 6) [29]. 
 
In sum, section 3.4 describes the fact that different types of institutional support measures are needed 
in different phases of the technological transition. According to the MLP each phase in the transition 
(pre-development, take-off, acceleration, and stabilization) needs different institutional support 
measures in order to streamline the developments at the different levels (niche-, regime-, landscape 
level). In other words, the institutional support measures need to be aligned with each other.  

3.5 Requirements for an institutional support scheme 

The Multi level approach can be used in order to describe how technological transitions come about 
and to advocate that technological transitions are determined by phenomena at three levels: niche-, 
regime, and landscape level. Important in this is to understand how the three levels interact 
dynamically over time, and how this interaction results in technological transitions and system 
innovations. Insights into the dynamics are provided by linking the MLP to the phases of the transition 
development cycle (figure 5 and 6). Based on the characteristics described in figure 5 and 6 a list of 
requirements can be drawn up for an ideal institutional support scheme (table 1).  
 
Table 1: List of requirements for an ideal ISS 

 
Transition development phase 

 

 
List of requirements for support 

scheme 
 

 
Objectives 

1. Pre-development phase 
Novelties emerge in niches in the 

context of problems in the existing 

landscape and regime. This phase 

is characterized by a dynamic 

equilibrium where the status quo 

does not visibly change [41] 

   Strongly technology   specific 

 Strongly supply-oriented 

 Strongly investment   focused 

 Reducing labor costs and 

purchase costs for new 

equipment (e.g. reducing R&D 

costs) 

 Reducing high initial and 

investment costs 

  Increasing attractiveness of 

technology for emerging in 

niche markets 

2. Take-off phase 
Process of change gets under way 

because the state of the system 

begins to shift [41] 

 Technology specific 

 Price-driven 

 Investment- and slowly 

production focused 

 Reducing operation and 

exploitation costs 

 Reducing capital costs 

 Exert pressure on existing 



    An institutional support scheme for the development of hydrogen infrastructure          

S.A.Talle 

21  

 

  Supply-oriented shifting 

towards demand-oriented as 

well 

regime (not too strong) 

3. Acceleration phase 
Visible structural changes take 

place through an accumulation of 

socio-cultural, economic, 

ecological and institutional 

changes that react to each other 

[41] 

 Gradually shifting from 

technology specific to generic 

 Strongly production focused  

 Quantity-driven (up-scaling) 

 Strongly increasing 

attractiveness of the novel 

technology with respect to the 

reference technology 

 Reducing 

operation/exploitation costs 

 Up scaling of technology 

 Increasing price 

competitiveness  

 Increasing demand for and 

supply of technology 

 Exerting more pressure on 

existing regime 

4. Stabilization phase 
speed of social change decreases 

and a new dynamic equilibrium is 

reached [41] 

 Strongly generic support 

 Strongly quantity-driven 

 Strongly (environmental) 

performance focused 

 Strongly demand and supply 

oriented 

 Increasing supply and demand 

 Stabilizing the new socio-

technical regime 

 Stimulating the purchase of 

the new technology 

 

3.6 The conceptual model 

This section describes the conceptual model (figure 7). The conceptual model provides insights into 
the analytical framework for this research project. The numbers in the conceptual model represent a 
stepwise approach. In the first place, based on the theoretical concepts described in the previous 
sections, we aim at describing the characteristics of an ideal ISS (step 1 in figure 7). This 
characterization gives us the opportunity to draw up a table of requirements (table 1) for an ideal ISS 
(step 2). In the next steps we also look into empirical data from multiple case studies. The case studies 
will be selected in step 3. For each of these cases the real (current) ISSs will be described and 
examined in relation to the table of requirements (step 4). This examination can be used in order to 
validate the theoretical approach (step 5). In the next step (step 6) we perform a comparative analysis 
between the components of the real ISSs and the institutional contexts. The results from the 
comparative analysis can be used in order to formulate policy recommendations for the (further) build-
up of an ISS. 
 
 
 

        

                

                                  

                                                                                                                                                          

                          

                                        

   

   

 

 
 

 
 
  
 

Figure 7: The conceptual model 
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4. Methodology  

 
 This chapter describes the methodology of this research project. The first part of this chapter 
(section 4.1) describes the research method used for this research project. Section 4.2 describes the 
measurement and operationalization of the concepts from the conceptual model, and the remainder of 
this chapter (section 4.3) describes the data acquisition methods and some validity issues.  

4.1 Research method 

The major part of this research project is related to performing a multiple case study analysis. 
Following Yin it can be concluded that the logic underlying the use of multiple case studies can be 
verified by looking into the replication logic [52]. The replication logic behind a multiple case study 
design means that each case is carefully selected in a way that it either; predicts similar results (literal 
replication) or contrasting results but for predictable reasons (theoretical replication) [52]. The main 
goal of this research project is to provide policy recommendations towards the (further) build-up of an 
ISS for hydrogen infrastructure in the Corridor (main case). These recommendations will be based on 
learning experience from two other cases. The first case will be selected in such a way that it is 
expected to predict similar results (comparative case) compared to the Corridor. The second case will 
be selected in such a way that it provides contrasting results but for predictable reasons (theoretical 
replication). The results from these case studies can then be used in order to validate the theoretical 
approach. More details on the case study selection can be found in section 5.1. Figure 8 describes the 
case study protocol. Four analytical steps will be performed for each case study. First, section 5.2 
describes the presence of hydrogen infrastructure in each region order to gain insights into which 
transition development phase the particular region is in. Second, section 5.3 describes the current 
status and characteristics of the real ISSs. Third, section 5.4 describes the institutional contexts by 
using the concept of institutional thickness (section 4.2). And finally, the real ISSs will be examined in 
relation to the table of requirements in order to validate the theory which was used to characterize an 
ideal ISS (section 5.5). The data gathered from these case studies will be used for a comparative 
analysis in chapter 6. The results will be used to provide the policy recommendations. 
 

 
 
 
 
 
 
 
 
 
 
   
 
 

 

 

4.2 Operationalization 

This section describes the measurement and operationalization of the concepts in the conceptual 
model. The ideal and real ISSs consist out of three different categories of institutional support 
mechanisms; regulative, financial incentives and other support measures [25, 26, 27, 28, 30, 34]. An 
institutional support mechanism can be defined as a collection of institutional support 
instruments/measures applicable to enable R&D, market introduction and commercial market 

4. Examine 
real ISS in 
relation to 

table 1 
(Section 5.5) 

3. Measuring 
the institutional 

thickness  
 (Section 5.4) 

2. Describing 
characteristics 

of real ISS 
(Section 5.3) 

 

1. Describing 
presence of 

H2 
infrastructure  
(Section 5.2)  

Figure 8: Case study protocol 
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deployment of a technology [25]. The real ISSs from the case studies can be used in order to validate 
the theoretical approach. The institutional context will be characterized by measuring the concept of 
institutional thickness. Below the concept of institutional thickness is operationalized in a number of 
qualitative and quantitative indicators in order to measure each of its four constitutive features 
(dimensions).  
 
The first of the four characteristics of the multi-dimensional concept of institutional thickness is 
strong institutional presence. In the article [47] is explained that the strong institutional presence can 
be measured through five indicators: density, commitment, spatial scale, ownership and 
accountability. The density refers to the number of local organizations involved in local development. 
The commitment of organizations to local development is provided by the percentage of their budgets 
dedicated to development activities. The ownership parameter describes whether the organizations 
involved are private bodies, public bodies, or public-private bodies or partnerships. Quantitatively, the 
percentage of public, and or public-private organizations can reflect the commitment by both national 
and local governments. The participation of private bodies is also important in order to reflect the 
commitment of different stakeholders than the public sector: business community, industry, and local 
communities. The spatial scale of organizations’ activities can affect their commitment to local 
priorities and their focus of interest: whether national, regional or local. The accountability status 
refers to localist organizations, acting at the local level but not locally accountable, i.e. established by 
the central government, or local organizations, locally created and reflecting local interests, and local 
government bodies, directly responding to the local electorate. The picture emerging from this is 
whether or not there is a strong institutional presence in each of the case studies. The results can be 
presented in numbers (percentages) in a table describing the institutional scenery.  
 
The second dimension of institutional thickness is the level of mutual interaction. According to [47] 
the relationship between the organizations described in the first dimension can be measured through 
four indicators: the themes or issues for which the collaboration takes place, the number of formal 
partnerships, the intensity of other forms of collaboration, the lengths of time they have been in 
operation. The number of formal partnerships implies cooperation and information exchanges, based 
on relations of trust, and can lead to the development of common norms and habits. Reasons for other 
forms of interactions may vary from exchange of information, advice, common projects or financing 
issues. Finally, the time in operation of local organizations is an indicator of the stability of existing 
networks and their evolution in time.  
 
The third dimension of institutional thickness is the mutual awareness of being involved in a 

common enterprise. According to [47] the mutual awareness of a common enterprise can be 
measured through two qualitative indicators; the existence of clear and shared local identity of the 
region, and clear and shared local priorities.  
 
The fourth dimension of institutional thickness is the presence of structures of domination and/or 

patterns of coalition. This final dimension expresses the relative power of the various organizations 
involved. In fact, according to [47], this can be derived from two kinds of indicators: formal 
competencies and local actors’ perceptions. The formal competencies are an indicator the 
organizations’ power in times of interaction. Authorization and licensing power, significant financial 
resources for a specific objective, a significant role in providing funds to other organizations, are 
crucial factors for determining the formal competencies of organizations and their pivotal role. 
Because of the fact that formal competencies are only indicators for describing the potential power of 
organizations, it is also useful to describe the local actor’s perceptions in order to clarify whether or 
not the formal positions of organizations correspond to actual powers.  
 
The table below operationalizes the four dimensions of institutional thickness in a number of 
qualitative and quantitative indicators. Measuring the institutional thickness enables the possibility to 
characterize the institutional contexts of the three cases.  
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Table 2: Operationalization scheme Institutional Thickness 

 
Dimension 

 

 
Indicator 

 
Measurement Level 

Density Number of organizations involved in 

regional hydrogen development  

Commitment Percentage of their budgets dedicated to 

development activities 

Spatial scale Focus of activities and interests: local-, 

regional-, or national scale 

Ownership  The type of organization involved: public-, 

private- or public-private bodies 

1. Institutional presence 

Accountability Accountability status of organizations 

involved: localist or local 

An overview of themes and issues 

representing the reason for collaboration 

Number of formal partnerships 

Intensity of other forms of collaboration 

2. Level of mutual interaction Formal partnerships 

Lengths of time in operation 

Clarity and shared local identity A description of the existence of a clear 

and shared national/regional identity, 

and how is the country/region being 

viewed by others in the field of hydrogen 

3. Mutual awareness of being 
involved in common 
enterprise 

Clarity and shared local priorities A description of the existence of clear 

and shared national/regional priorities in 

the field of hydrogen 

A description of the authorization and 

licensing power of the organizations 

involved 

An overview of their financial resources 

for a specific objective 

Formal competencies 

A description of their ability to provide 

funds to other organizations 

4. Presence of structures of 
domination and/or patterns 
of coalition 

Local actors perceptions Description of the local actors 

perceptions about the perceived power 

of organizations 

4.3 Data acquisition/validity issues  

This remainder of this chapter describes the data collection methods used in this research project and 
some validity issues. The major part of my research is concerned with literature reviews. While 
doing this I will use several literature sources spread out over the internet and in the University 
Library, and additionally I will use internal documents gathered during my internship at SenterNovem. 
Examples of data sources I used are: reports from research institutes, universities, consultancy firms, 
articles from scientific journals, articles from popular journals and newspapers, conference 
proceedings (see below), minutes and slides from meetings, books on hydrogen and sustainable 
energy, informative internet sites on hydrogen, governmental and semi-governmental internet sites, 
and internet sites of energy and/or H2 and fuel cell companies. During this research project several 
Interviews will be conducted as a second source of evidence. For instance, I contacted the Fire 
department Amsterdam-Amstelland (safety), NEN (standards & codes), Fuel Cell Boat BV, Ecofys, 
ECN, and SenterNovem. At NEN I spoke to Jarno Dakhorst and Marjan Wesselingh, two experts in 
the field of hydrogen and standard development. At ECN I spoke to Marcel Weeda and Ingo Bunzeck. 
At the Fuel Cell Boat BV I spoke to Alexander Overdiep, and at SenterNovem I spoke many times 
with Esther Keijser and Frank Denys, both consultants in Hydrogen and Fuel Cells, and Remco 
Hoogma, consultant at the department of Energy Transition and secretary of the Platform of 
Sustainable Mobility. And finally, I made contact with a technology and policy analyst at the 
California Fuel Cell Partnership. The interviews offered me the opportunity to collect more detailed 
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information in a relatively limited amount of time, to acquire information that might be difficult to 
find elsewhere, and to remain updated about the most recent developments that have not been 
documented (yet). Again, I will try to combine the information from different sources (interviews, 
documents) as much as possible. All interviews were conducted following an open-ended interview 
strategy. I prepared the interviews/question lists with open questions or themes that I wanted to discuss 
or wanted the respondents’ opinions about. Some of the interviews were carried out by sending 
question lists by email (because of the limited amount of time of respondents), others were carried out 
by paying visits to the particular organization (ECN, NEN, SN). A third source of evidence is 
conducted by visiting several workshops and conferences, during my internship period at 
SenterNovem. In the first place, on December 11th 2008 I visited the 6th Dutch National Hydrogen 
Congress: “Hydrogen and Fuel cells: inspiration by demonstration”, in the Congress Centre Papendal, 
Arnhem. This is organized by the Dutch Hydrogen Organization. Secondly, on February 12th /13th 
2009, I participated in the Task Definition Workshop on "Large Scale Hydrogen Infrastructure and 
Mass Storage. This Workshop was organized by SenterNovem. Next to taking part in this Workshop, I 
also acted as a Task organizer. Furthermore, I was involved in the organization of the grand opening 
and symposium for the Fuel Cell Boat project in Amsterdam. Thirdly, I visited the official launch of 
the National Hydrogen Coalition in Amsterdam on the 20th of November 2008. Representatives from 
the cities of Arnhem, Rotterdam and Amsterdam were, and they presented their most important 
upcoming events. These visits gave me the opportunity to gain more insights into the different 
interests from a wide variety of groups. The fourth source of evidence is conducted from 
collaborations with some experts within the Policy studies department of ECN in Amsterdam. I made 
contact with Ingo Bunzeck from ECN and he is currently working on the THRIVE project. This 
project consists of a consortium of Shell, Linde Gas, TNO, ECN Policy studies and the coordinator 
ECN Hydrogen and Clean Fossil Fuels. The objective of the THRIVE project is to identify plausible 
routes and technological options for the development of a hydrogen infrastructure for refuelling of 
hydrogen vehicles in the Netherlands. The fifth source of evidence is related to conducting multiple 

case studies. 
 

Validity issues 
For this research multiple sources of information will be used to ensure the validity of this research. 
When incorrect operational measures for the concepts are applied this results in poor construct validity 
of the research. A first measure to counteract poor construct validity is to use citations to relevant 
literature in making the theoretical definitions. Hereby I ensure that I am going to measure the correct 
phenomena for the investigated concepts. A chain of evidence where every step between questions and 
conclusion is reported can improve the construct validity as well. During the data collection process, 
this information needs to be checked by using more than one source. The external validity is 
established by creating the theoretical framework. From the theoretical framework we establish the 
domain that will be investigated. For the external validity to be confirmed we use several data sources 
(e.g. opinions and views from different actors, different literature sources), to test the theoretical 
framework that I constructed. In order to increase reliability I need to create a theoretical framework 
which ensures the fact that when someone is performing a similar research he or she comes up with 
nearly the same results. A method for ensuring that another researcher is enabled to do the same study 
again in order to find the same results is by documenting the conducted research in great detail. This 
can be done by using the case study protocol. In such a protocol an overview of the project is 
described, as well as field procedures, case study questions and a guide for the report. Another 
example for increasing the reliability of this research is to present during the interviews some 
clarifying examples of real life situations (e.g. current demonstration projects).  
 
Choosing a multiple case study design has numerous advantages. In the first place, analytic 
conclusions independently arising from three cases will be more powerful than those coming from a 
single case. And, even if the contexts of the cases are likely to differ to some extent, we still may have 
the possibility to arrive at common conclusions from each of the three cases, and they will expand the 
external generalizability of the findings, compared to those from a single case [52]. 
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5. Analysis  

 
 This chapter describes the main results of the three case studies. Section 5.1 describes which 
case studies are selected for this research project and provides a short introduction. Then, as explained 
in chapter 4, for each case study a similar stepwise approach will be used (section 5.2 – 5.5). Section 
5.2 describes which hydrogen infrastructure is currently present in each of the three case studies. 
Section 5.3 describes the characteristics of the real (current) institutional support schemes for 
hydrogen infrastructure. In section 5.4 the institutional thickness of each case will be measured 
followed by an examination of the real institutional support schemes in relation to the table of 
requirements in section 5.5. 

5.1 Case study selection 

The main goal of this research project is to gain more insights into and provide policy 
recommendations for the (further) build-up an ISS for hydrogen infrastructure in the corridor. These 
insights will be gained from two other cases (one comparative case, and one other case). The case 
selection process resulted in the selection of the following three case studies; the Corridor (main case), 
the UK (a comparative case) and the US California (a success case).  
 
The corridor- and the UK case are expected to come up with more or less similar results (comparative) 
with regard to the characteristics of their real (current) ISSs, and the presence of hydrogen 
infrastructure [23, 53, 54, 72, 73]. The main reason for this is the fact that it is expected that both 
countries are in the same phase of the technological transition [23, 53]. In both cases only limited 
amounts of hydrogen refuelling stations have been built and no fuel cell vehicles are driving on the 
roads (yet) [23, 53, 54]. The UK and the Corridor do have some shared experience with large scale 
demonstration projects (e.g. CUTE), but this has not resulted (yet) in the build-up of hydrogen 
infrastructure. The US California case is selected because it is expected that this case will come up 
with contrasting results compared to the other two cases with regard to the characteristics of the real 
(current) ISS and the presence of H2 infrastructure. The main reason for this is the fact that it is 
expected that the US California is already in a different phase of the technological transition. The state 
of California is internationally recognized as a world leader in hydrogen and fuel cell R&D and 
demonstration projects which has already resulted in the roll out of many fuel cell vehicles, and the 
construction of several hydrogen refuelling stations [55, 64, 66]. Furthermore, it is expected that 
California also has the most experience with building-up an ISS for hydrogen infrastructure [23, 28, 
54, 55]. A clear example of this is the implementation of the Zero Emission Vehicle Mandate [28]. 
More details on the presence of H2 infrastructure and the real ISSs can be found in the next sections. 

5.2 The presence of hydrogen infrastructure 

In each of the three cases hydrogen is seen as a promising energy carrier for their future energy system 
[23, 54, 66]. Besides several activities carried out for further technological development (e.g. R&D) 
and demonstration, views and expectations are growing on what such a system would look like. This 
section describes the presence of hydrogen infrastructure in each of the three case studies. Sub section 
5.2.1 describes the results from the corridor case, sub section 5.2.2 describes the results from the US 
case, and finally sub section 5.2.3 describes the results from the UK case. 

5.2.1 Hydrogen Infrastructure in the corridor 

As mentioned in chapter 2, hydrogen infrastructure is defined as the energy supply chain which is 
required to produce, store and deliver hydrogen to the end consumer. In fact, this means that the 
presence of hydrogen infrastructure can be characterized by the presence of hydrogen production 
facilities, distribution and storage options, hydrogen refueling stations and hydrogen and fuel cell 
applications (e.g. vehicles). Currently, in the Netherlands there are no fuel cell vehicles driving on the 
roads and the presence of hydrogen infrastructure (e.g. hydrogen refueling stations) is limited [23].  
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However, in the Netherlands there is a large amount of industrial hydrogen available in the Rotterdam 
Rijnmond area; in fact, Rotterdam is one of the largest hydrogen production locations in Europe [56]. 
The most important suppliers of hydrogen are Air Products, Air Liquide, and Linde. Most hydrogen is 
produced by steam methane reforming (SMR). In the Rotterdam Rijnmond area there is also a strong 
presence of oil refineries. These oil refineries require a constant amount of hydrogen for their 
production processes.  

 

 
 
As can be seen in figure 9 the most important option for delivering this hydrogen to the refineries is by 
a unique hydrogen pipeline network. This comprehensive pipeline network is owned by Air Liquide 
and currently includes eight hydrogen production units in operation and more than 900 km of pipeline. 
Based on the presence of large-scale hydrogen production facilities and the industrial pipeline 
infrastructure, currently, the Rotterdam area is considered to be a possible starting point for the 
development of a nationwide hydrogen pipeline infrastructure network. Furthermore, currently natural 
gas plays an important role in the current energy mix of the Netherlands [57]. This can be emphasized 
by the presence of an extensive natural gas grid throughout the country. The natural gas grid provides 
opportunities for hydrogen distribution options, for instance, by mixing it with the existing natural gas 
system [58]. Furthermore, as mentioned above there are currently no hydrogen fuel cell vehicles 
driving on the roads in the Netherlands. However, there has been some experience with Fuel Cell 
Buses in the CUTE project in Amsterdam, which also involved the construction of the first hydrogen 
refuelling station (HRS). This HRS is located at the GVB bus station (build in 2003) in Amsterdam 
and was closed after the demonstration project. Amsterdam is now investing in a new generation of 
fuel cell busses (planned for 2010). Moreover, the municipality of Amsterdam strongly supports other 
hydrogen- and fuel cell related demonstration projects as well. Examples are; a small cutter boat, a 
lorry and a canal boat tour (Fuel Cell Boat project). These demonstration projects also include the 
construction of (additional) hydrogen refuelling infrastructure (e.g. refuelling stations). Furthermore, 
the Energy Research Centre (ECN) opened up their first hydrogen refuelling station in 2006. However, 
this HRS was only used to fill up ECN’s Hydro GEM PEM Fuel Cell Vehicle [59].   
 
Future prospects for hydrogen infrastructure development 

In HyWays several Dutch stakeholders have developed an image of how hydrogen infrastructure may 
possibly develop in the upcoming decades [60]. Their ideas are formulated in a Member State (MS) 
Vision Report [21]. In this report each country created a hydrogen-based energy vision which 
describes the possible role of hydrogen in their respective energy system over a time horizon up to 
2020 (start-up), 2030 (intermediate) and up to 2050 (long-term). The vision document includes a 
general vision of the energy system, but also more detailed descriptions of the possible distribution of 
hydrogen, used feed-stocks for production and infrastructure for different periods. For the Netherlands 
this includes the following picture: 

Figure 9: current pipeline 

infrastructure in the Rijnmond 

area and Flanders [56] 
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The start-up phase of hydrogen (up to 2020) will mostly be characterized by a number of pilot projects 
in transport, creating a basic hydrogen infrastructure of fueling stations that mainly serve regional 
fleets of buses (e.g. upgrade of CUTE), forklift trucks in distribution centers or other small scale 
applications of hydrogen. The implementation of hydrogen will mostly occur in the urban areas (e.g. 
Rotterdam, Amsterdam, Arnhem), where the need for improvement of local air quality is highest, 
contributing to the realization of local environmental policy objectives. Most applications are expected 
to receive their hydrogen from the existing pipelines in the West of the Netherlands (e.g. Rijnmond 
area). Others will be supplied with hydrogen by means of small scale on-site steam methane reforming 
or liquefied hydrogen from existing liquefaction units. It is expected that in the first part of the start-up 
phase (up to 2015) hydrogen Internal Combustion Engines or Hybrid Fuel cell vehicles will play an 
important role in pilot or demonstration projects. In the second part of the start-up phase (2015-2020) 
it is expected that the hydrogen fuel price starts to decline, which increases demand for fuel cell 
vehicles. As already mentioned, the implementation of hydrogen will mostly occur in the early user 
centers. The perceived early user centers are: Rotterdam, Arnhem and Amsterdam (figure 10).  
 

 
 
Rotterdam is a city with one of the largest harbors in the world. There is also a large industrial site 
where amongst other refining and chemical processing plants are located. Furthermore, as mentioned 
earlier, within the Rotterdam area there is also a large hydrogen pipeline network located, which has 
strong connections to Flanders and the north of France (figure 8). An important initiative in the field of 
sustainable development and hydrogen and fuel cells is the launch of the Rotterdam Climate Initiative. 
The initiative aims at a CO2 emission reduction of 50% by 2025 [61]. In order to reach these goals the 
municipality of Rotterdam, the Port of Rotterdam, DCMR Milieudienst Rotterdam and Deltalinqs 
work closely together in order to share their ideas. In the document Waterstof – een brandstof voor 

transities, it is envisaged that the Rotterdam-Rijnmond area is possibly one of the three hydrogen early 
user regions in the Netherlands [23, 56] and therefore it is expected that a crucial role for the 
development toward a hydrogen economy may be endorsed by the Rotterdam-Rijnmond area. The 
critical position of Rotterdam as an energy hub and the already existing hydrogen production facilities 
and energy industry infrastructure (hydrogen pipeline, refineries, LNG terminal, biomass import, bio-
fuels production, and concentration of hydrogen expertise through the presence of companies such as 
Shell, BP, Air Products and Linde (former van HoekLoos) can make the region one of the principle 
centers for hydrogen production in Europe. The high population density in the region combined with 
the existing hydrogen infrastructure creates also an early consumer market potential for end-use 
applications. The Rotterdam-Rijnmond region is thus favorably and practically suited to realize 

Figure 10: early user 

centers/regions in the 

Netherlands [21] 
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bridging demonstration projects with a significant up-scaling and market growth potential in the wider 
Randstad area. Opportunities might also emerge through the possibility of infrastructure and trade 
connections with neighboring regions (corridor) having similar practical experience in the area of 
hydrogen transport and distribution and where chemical and oil refineries are concentrated. 
The Arnhem area can be characterized by the presence of a strong hydrogen cluster [23]. Within this 
cluster several companies, knowledge institutes and local municipalities are participating and closely 
working together. Nedstack, Hygear and HyTruck are examples of companies which are specialized in 
the manufacturing of Fuel Cells and developing gas reforming techniques. Furthermore, the 
municipality of Arnhem subsidizes for the amount of 450.000 euro the development of hydrogen and 
fuel cell applications in the transport sector. The Hogeschool Arnhem-Nijmegen is actively carrying 
out research on the application of hydrogen in mobile applications (e.g. buses). Furthermore, in the 
Arnhem area more companies are located which are actively involved in the development of hydrogen 
technology: KEMA, NUON-Techno, Fire Brigade Central Gelderland, and Hydrogen Efficiency 
Technologies (HyET). And as already mentioned, the city of Arnhem is also interested in realizing the 
launch of the first commercial hydrogen refueling station in the Netherlands somewhere in 2010.  
 
The municipality of Amsterdam has formulated ambitious goals for improving their local air quality in 
the near future. The municipality has envisaged an important role for hydrogen in reaching these goals 
as can be seen in the fact that the city has some experience in supporting hydrogen demonstration 
projects (e.g. CUTE, lorry, canal boat tour and a small cutter boat). The municipality constructed a 
vision document for the city of Amsterdam as a ‘hydrogen city’ and they were the initiators, together 
with the municipality of Rotterdam and Arnhem, for launching the Dutch Hydrogen Coalition. 
Furthermore, Amsterdam’s trust in hydrogen as a (possible) future energy carrier can be seen in the 
results from the hydrogen business case for the city of Amsterdam [23, 62], carried out by Ecofys, a 
Dutch consultancy company for sustainable development. The crucial part in the business case was the 
construction of a road map for the city up to 2025. The main results from the business case were 
presented at the official launch of the Dutch Hydrogen Coalition in November 2008. For the city of 
Amsterdam it is expected that up to 2025 there will be first-, second-, and third movers regarding 
hydrogen applications. The first movers will be: city buses, taxis, and service vans; the second movers 
will be municipal transport, tourist boats, and boats for transporting people and cars; the third movers 
are expected to be the garbage trucks, cleaning trucks, etc. The production and distribution of 
hydrogen for the city of Amsterdam can possibly take place in three different ways: transported by 
trucks from the Rotterdam area, central production (e.g. Corus), or decentralized production by 
electrolysis (e.g. GVB). In the short term, it is expected that trucking in of hydrogen (gaseous 
hydrogen up to 2015, liquefied hydrogen beyond 2015) from the Rotterdam area is the most cost-
effective solution [50, 51]. In the medium to long term (up to 2025 and beyond) possibly decentralized 
production of hydrogen by steam methane reforming is the most cost-effective solution. After 2025 it 
is expected that possibly the gradual construction of a hydrogen pipeline infrastructure network will 
become more cost-competitive.  
 

For the intermediate period (2020-2030) and further a steep growth of hydrogen demand may be 
expected. Most of the demand will possibly come from the transport sector (e.g. buses, taxis, 
passenger cars, vans, etc.). Furthermore, it may be expected that in this period fuel cell cars may 
become cost-competitive with the conventional gasoline cars and the hybrids. The increasing demand 
for hydrogen increases the need for hydrogen refueling stations along the main roads in the urban 
areas. The hydrogen production energy sources throughout the Netherlands are expected to be 
dominated by natural gas, followed by coal and biomass, and a very small share of wind energy. The 
distribution of hydrogen might be performed by a pipeline distribution network (possibly by mixing in 
the natural gas grid). It is expected that the on-site production technologies will gradually be replaced 
by larger production plants for hydrogen. The hydrogen production plants will feed regional pipeline 
networks which will evolve from the existing industrial pipeline infrastructures. It is clear that large 
scale use of hydrogen, and the fact that hydrogen demand will be discontinuous, might require mass 
storage options in the longer run in order to balance supply and demand [39].  
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In sum, based on the presence of hydrogen infrastructure in the corridor it can be concluded that the 
corridor is still in the pre-development phase of the transition towards a hydrogen-based energy 
system. The pre-development phase of a transition is the phase where novel technologies start to 
emerge in technological niches, which can take the form of experiments, pilot projects or small scale 
demonstration projects. Furthermore, there is no specific dominant design yet and different 
technologies might be competing with each other (e.g. electric vs. Hydrogen). Most actors that are 
aware of the technological potential engage in experiments in order to work out the best design and to 
find out what the user preferences are.  

5.2.2 Hydrogen infrastructure in the US - California 

In the United States – in particular in the state of California- hydrogen is seen as a very promising 
energy carrier for the future energy system [64, 66]. In the US, California is the national leader in 
pushing advanced transportation technologies to reduce air pollution. In June 2005 Governor 
Schwarzenegger signed the Executive Order S-3-05 [63] setting the goal of reducing greenhouse gas 
emissions to 80% below 1990 levels by 2050. Reducing the greenhouse gas emissions will require 
low-carbon fuels and advanced technology vehicles. For the state of California one of the options for 
realizing this goal is the fuel cell vehicle powered by hydrogen [64]. 
 
About ten years ago, in the state of California car manufacturers along with energy companies, fuel 
cell technology companies and government agencies formed the California Fuel Cell Partnership 
(CaFCP). Actually, the California Fuel Cell Partnership is a collaboration of organizations, including 
car manufacturers, energy providers, government agencies and fuel cell technology companies, that 
work together to promote the commercialization of hydrogen fuel cell vehicles. In 1999 the California 
Air Resources Board and California Energy Commission together with six companies from the private 
sector launched the Californian Fuel Cell partnership (CAFCP). The main goals of the CAFCP are 
[63]: Demonstrating and testing FCVs under real life conditions in California, demonstrating the 
viability of Hydrogen refueling stations, accelerating the commercialization of Fuel Cell vehicles, and 
raising public awareness and providing advice for further improvement of fuel cell vehicles. The 
CAFCP works in program phases. They just entered the third phase. Phase 1 and 2 were directed 
towards the development of standards and codes and the realization of large scale demonstrations (e.g. 
California Hydrogen Highway). Phase 3 is aimed at the rehearsal for commercialization. The CAFCP 
developed a vision for the deployment of fuel cell vehicles and buses up to 2017. Compared to the 
Member State Vision reports developed in the HyWays project this vision document contains more 
concrete plans and quantitative goals for the roll out of FCVs and Fuel Cell Buses (FCBs). By working 
together, they ensure that vehicles, stations, regulations and people are in step with each other as the 
technology comes to closer to the market.Through careful collaboration with its members the CaFCP 
has developed an action plan for the roll out of FCVs and the construction of stations in the upcoming 
years [56]. At the beginning of this year the CaFCP surveyed nine car manufacture members to 
collectively identify where, when and how many fuel cell vehicles they are planning to deploy in the 
upcoming years. In table 3, 4 and 5 the main results of the survey are presented [63, 64] (appendix A).  

 
For instance, the CAFCP asked where the car manufacturers expect to have their first customers. 
Based on the results it could be concluded that the car manufacturers identify a few communities 
where they expect to have their first customers. They identified Sacramento and the San Francisco Bay 
Area as early user communities, but they expect 80% of their vehicles to be placed in Southern 
California. In Southern California they expect that the majority of their vehicles will be placed with 
customers in the area of Santa Monica, Torrance and Newport Beach (table 4, appendix A).  
 

In addition to these figures it is also expected that five transit agencies will soon be operating fuel cell 
buses in demonstration programs. Under the Zero-Emission Bus regulation, the largest transit agencies 
in California are required to purchase zero-emission buses. The expected numbers are presented in 
table 5 [63, 64] (appendix A). Furthermore, it is expected that the fuel cell buses will mostly be 
deployed in the San Francisco Bay Area, up to 2012. It is expected that other transit agencies 
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throughout the California will deploy Fuel Cell Buses as well, but will not make the decisions for this 
at least until 2010 [63]. Besides making projections for the expected numbers of FCVs and FCBs to be 
in operation in the upcoming years, it is also important to make projections of the expected demand for 
fuel. In the action plan of the CaFCP it is assumed that each passenger vehicle will use an average of 1 
kg of hydrogen per day. In California, the hydrogen refueling stations for passenger cars need to 
supply fuel at two pressures: 350 and 700 bar. The action plan assumes that Fuel Cell Buses will 
require a daily average of 25 kg of hydrogen. In California, the hydrogen refueling stations for buses 
need to supply fuel only at 350 bars. More details on the total numbers can be found in table 5.  
 
The hydrogen refueling stations in California have different sizes and use different technologies to 
produce hydrogen (table 6, appendix A). In other words, for demonstration projects many different 
types of hydrogen refueling stations are used (below). Some of the HRSs make fuel on site by 
reforming natural gas or electrolyzing water. Other refueling stations dispense hydrogen which is 
made at another production facility (central). Some of the hydrogen refueling stations only dispenses 
hydrogen, others also dispense other fuels. In January, 2009, California had 26 operational hydrogen 
refueling stations. Most of the refueling stations were built in order to demonstrate or prove out 
different technologies. Many of the technologies have improved rapidly and it is expected that some of 
the early stations where they have been tested will soon close. Other refueling stations are privately 
held and are unable to expand their capacity [65]. In California, only six hydrogen refueling stations 
are usable by all car manufacturers and their customers: Riverside, Burbank, West Los Angeles, 
Irvine, West Sacramento and Thousand Palms. Only the Irvine station provides up to 700 bars fuel and 
the Burbank station is upgrading to 700 bars. The other stations only provide 350 bars of hydrogen 
fuel. When making the projections for infrastructure growth in California, the CaFCP assumes that 
these stations will continue to be in operation and three additional stations, funded by part of the 
California Hydrogen Highway Network are currently in the planning stage:  Fountain Valley, Los 
Angeles and Emeryville. These stations will be able to provide 350 as well as 700 bars of fuel. 
 
An additional remark can be made by the Fountain Valley Station and the Emeryville station. The 
Fountain Valley station will provide 100% renewable hydrogen from biogas from a water treatment 
plant, the Emeryville station will provide 100% renewable hydrogen from solar power. In the action 
plan of the CaFCP it is assumed that these three additional stations will be in operation at the end of 
2009. In California, generally, it takes up to 2 years for planning, permitting and constructing a 
hydrogen refueling station [63, 64, 66]. As already mentioned, based on the survey results from the 
CaFCP, it is expected that by 2014 about 80% of the hydrogen demand will be located in the South of 
California. Besides making specific plans for the first hydrogen communities, there are also other 
milestones formulated by the CaFCP for California to meet in the upcoming 8 – 10 years [63, 66]: 
 

• Up to 2012 regulations for selling hydrogen as a fuel are in place, the first hydrogen 
communities have established their own permitting practices for hydrogen refueling stations, 
hydrogen refueling stations can be insured at a reasonable cost, standard development 
organizations have completed hydrogen quality standards, and vehicle and station component 
standards, hydrogen refueling station costs have decreased by 20%, stations can cover at least 
50% of the operation costs by selling hydrogen, the CaFCP have in place a detailed plan for 
the next phase of vehicle rollouts and station deployments.  

• Up to 2014: nearly 4500 people are driving FCVs, some of the car manufacturers have 
completed their first technology development cycle to prove out and optimize hardware and 
build customer acceptance, car manufacturers have identified their supply chains, and most 
technological components are standardized, California’s first 1000kg/day hydrogen refueling 
station for FCV is in operation, hydrogen refueling stations are able to  over 100% of the 
operation costs through sales, a second large transit agency has purchased fuel cell buses.  

• Up to 2017: the commercial market will begin with nearly 50000 FCVs on the road, car 
companies begin selling FCVs with 10 year warranties, FCV drivers have convenient access 
to fuel wherever they drive in Southern California, station equipment is becoming smaller, 
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more reliable and capable of dispensing 1500 kg of hydrogen per day, renewable hydrogen is 
profitable in at least 20% of the cases, new facilities for manufacturing hydrogen for vehicles 
are commercially viable, other states are following the California model for rolling out of 
hydrogen vehicles, and stations are being built along major interstate freeways.  

 
In California, most hydrogen is produced from natural gas, electrolysis of water or biomass. When 
using state funds to build hydrogen infrastructure, California law requires 33% of hydrogen being 
produced using renewable sources [63]. Worldwide, most hydrogen is still produced via fossil fuel-
based sources, primarily steam reforming of natural gas (SMR). Producing hydrogen from natural gas 
by means of the SMR method and used in fuel cells reduces GHG emissions by 55% compared to the 
gasoline combustion vehicle. When using renewables for hydrogen production GHG emissions are 
reduced to 0%. As mentioned above, in the state of California the types of hydrogen refueling stations 
are diverse (Table 6).  
 
In California, HRSs can be deployed as mobile units, portable stations, modular units or permanent 
installations. Most of the permanent HRSs have their fuel delivered from a central production plant; 
others produce their fuel on site. The mobile and portable stations have their own on-boards fuel 
storage. Modular stations require a separate fuel source. A liquid delivery station requires hydrogen 
produced at a central production plant. In California, all central hydrogen production plants use SMR 
of natural gas. The hydrogen is then cooled to a liquid form and delivered in tanker trucks to the liquid 
delivery stations. This type of HRS stores the liquid hydrogen in a tank similar to the well known 
propane gas storage tanks. If the gas is needed then the HRS uses ambient air temperatures to warm 
the fuel up until it reaches a gaseous state. Additionally, the gas will be compressed and eventually 
dispensed into the fuel tanks of FCVs.  
 
A pipeline delivery station requires hydrogen produced at a central production plant as well. The 
pipeline delivery station differs from the liquid delivery station in the type of delivery to the station. 
The central production plants deliver the hydrogen in a gaseous form to the HRS by using existing 
hydrogen pipelines (Air Products). When needed, the HRS can pull the gaseous hydrogen from the 
pipeline, compressing it and eventually dispense it to the fuel tanks of the FCVs. The onsite 
reformation station produces hydrogen at the station. The hydrogen is produced by using SMR of 
natural gas. The gaseous hydrogen is compressed and stored in tanks, before dispensing it to the fuel 
tanks of FCVs. The onsite electrolysis station produces hydrogen at the station as well. The hydrogen 
is produced by electrolyzing de-ionized water using solar or wind energy. The gaseous hydrogen is 
compressed and stored in tanks, before dispensing it to the fuel tanks of FCVs. Furthermore, the state 
of California also uses mobile hydrogen fueling stations are trailers equipped with a hydrogen storage 
tank and a dispense unit. The mobile refueling stations require hydrogen produced elsewhere and they 
can refill their tanks at the nearest facility. Mobile fuel stations can provide hydrogen for a day, a 
month or even for years. The mobile fuel stations are only available in providing hydrogen at 350bars. 
The portable fueling stations are similar to small shipping containers. The portable unit contains a 
storage unit, a compressor and a dispense unit. The portable fueling stations need to be refilled by for 
instance a tanker truck. The portable fueling stations can provide a temporary solution for hydrogen 
refueling at sites where permanent HRSs are under construction. The modular stations are almost 
similar to the portable fueling stations. The difference is that modular stations require a separate 
hydrogen fuel source, instead of using an onboard storage option. The biomass station requires 
hydrogen produced at a central facility and delivered to the HRS through a pipeline or again as a liquid 
from a road tanker. The biomass stations are more considered to be a future possibility and are still in 
the experimental. 
 
In sum, based on the presence of hydrogen infrastructure in the California region it can be concluded 
that the US, and in particular the state of California, is in the take-off phase of the transition towards a 
hydrogen-based energy system. The take-off phase can be characterized by an increasing amount of 
applications in small market niches. These small market niches provide the opportunity for further 
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technical specialization and exploration of new and other funcionalities of the novel technology. As a 
result of learning processes the technology starts to improve gradually. Users increasingly start to 
interact with the new technology and build experience. Further applications in niche markets allow 
suppliers and users to ‘learn by doing’ and ‘learn by using’ in order to make further improvements in 
performance and costs. With regard to hydrogen refueling stations and FCVs, the state of California 
can also be characterized by increasing outputs; and the production process itself becomes more 
refined.  

5.2.3 Hydrogen infrastructure in the UK 

UK stakeholders believe that hydrogen is an essential element in achieving sustainable supply options 
and a low carbon future [21, 67]. This stakeholder vision is aligned with the national energy policy 
objectives of: a reduction of carbon emissions of 60% from 1990 levels by 2050. As for today, in the 
UK there are no fuel cell vehicles driving on the road and the presence of hydrogen infrastructure (e.g. 
hydrogen refueling stations) is very limited. In the UK there are three main areas where commercial 
hydrogen production facilities exist [21, 54]. These hydrogen production facilities produce hydrogen 
for industrial processes that are carried out within the production facility in which it was made. The 
areas are the South of Wales, Teeside (North East of England), and the North West of England. In the 
UK two companies, Linde and Air Products, manufacture hydrogen. Currently, the most important 
users of hydrogen are oil refineries. A small number of refineries currently produce hydrogen 
including BP and Exxonmobile. The hydrogen storage and distribution infrastructure in the UK is 
concentrated in the same areas as the production areas. The North East of England possesses the most 
advanced hydrogen distribution system with approximately 30km of distribution pipelines. 
Furthermore, linked to this distribution system there is an underground storage facility that is able to 
store up to 700 tonnes of pressurized hydrogen. In the North West area there is a number of hydrogen 
pipelines available linking oil refineries to the chlorine manufacturing industry, where the hydrogen 
was produced. It is clear that the presence of hydrogen production and distribution infrastructure in the 
UK is very limited [54]. Furthermore, in the UK there are currently no hydrogen cars driving on the 
road and only a few hydrogen refueling stations built.  
 
The city of London had a temporary hydrogen refueling station that opened in 2004 by BP as part of 
the CUTE project [93], but was closed down in 2007. In 2008 the University of Birmingham built a 
hydrogen refueling station. This station will be able to accommodate up to six vehicles per day and 
will be used to conduct a 2-year test trial on fuel cell vehicles. This refueling station is the first of at 
least 12 hydrogen refueling stations planned to be opened in the UK by 2010/2011, and three of them 
will be placed inside the city of London. The UK has developed or imported some hydrogen vehicles, 
and therefore there is a strong need for hydrogen refueling stations to be built [21, 54, 68, 69]. In fact, 
the UK developed or imported hydrogen ferryboats, full-size buses, minibuses, micro cabs, student 
race cars and a fleet of 70 Honda FCX fuel cell police cars to be used by Scotland Yard. Air Products 
is working with the Transport for London to build additional hydrogen refueling stations to refuel 
these fuel cell police cars, due to roll out in 2011/2012 [68, 69]. UK stakeholders have also derived a 
UK vision as part of the Member State Vision report in the HyWays project [21, 54]. Stakeholders 
have identified six early user centers throughout the UK: Aberdeenshire, London, Midlands, South 
Wales, Teesside, and Unst (an island). Each of these regions has its own action plans, and the early 
user centers can be seen as largely autonomous entities. The same holds for the London area. 
However, the UK government is seeking to exploit each of its special characteristics in order to 
maximize the effectiveness of the UK as a whole. As with the corridor case, for the UK there is also a 
hydrogen-based energy vision which describes the role of hydrogen in their respective energy system 
over a time horizon of 2020, 2030 and up to 2050.  
 
For the short term period (up to 2020) it is envisaged that most hydrogen demand for hydrogen 
demonstration projects will be produced from fossil fuel sources (SMR). Up to 2012 it is expected that 
the lessons learned from demonstration projects will assist in the development up to early commercial 
projects. It is expected that the early uptake of FCV will be in public transport (e.g. buses). The local 
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politics and concerns on local air quality and noise pollution are likely to be significant factors in 
supporting public fleet vehicles to switch to alternative fuels. The further uptake will possibly be 
driven by some private operators such as supermarkets. For the intermediate period (2020-2030) it is 
expected that most technology for hydrogen has proven out and the early infrastructure for hydrogen 
will have grown out of regional clusters. In the intermediate period it is expected that the consumer is 
able to purchase a hydrogen fueled car. For the long term (up to 2050) it is expected that fossil energy 
sources are becoming less important and renewables are starting to dominate. For the UK case study 
the focus will on the London region. This region is considered to be one of the most active regions in 
the UK.  
 
In the UK a major milestone in the field of hydrogen and fuel cells was the foundation of the London 
Hydrogen Partnership (LHP) in 2002. In 2002 the LHP formulated its Hydrogen Action Plan with the 
purpose to stimulate the transition towards a hydrogen economy in London and the UK [88]. The main 
objectives of the Hydrogen Action Plan are: creating a more detailed Hydrogen action plan and 
implement it, facilitate and maintain contacts between the sectors and actors which are relevant for the 
realization of a hydrogen economy, preparing and providing relevant information, and the LHP must 
become a platform for tenders and project initiation. The LHP has the priority to make sure that 
hydrogen projects will be launched. The LHP plays the role of a network organization and/or 
dissemination estate agent. The municipality of London fulfils the role of end-user for hydrogen fueled 
vehicles. The main goals of the Hydrogen Action Plan are [68]: realizing a 5-year transport 
programme with the purpose to deploy 70 hydrogen fueled vehicles in 2010/2011, with at least 10 
buses and 60 light duty vehicles, 20% of the public fleet will drive on hydrogen by 2020, 2% of the 
total car fleet in London drives on hydrogen by 2020, 15-40MW large/medium fuel cell capacity by 
2012. The LHP consists out of an executive committee chaired by a representative of the London 
Mayor. The executive committee is formed by 15 parties from the government, automotive sector, 
energy companies, gas suppliers, research institutes, and academia and technology suppliers. The 
executive committee steers 5 working groups: infrastructure and renewable energy: facilitates the 
organization of fuel stations and related vehicles, transport applications: supports the identification of 
priority transport applications, stationary: supports the identification of priority stationary applications, 
skills, Training and Finance: facilitates training and education programmes, safety & Regulations: 
Advices with regard to safety aspects for each of the working groups, communication: advices with 
regard to internal and external communication and develops a communication strategy for the LHP. 
Next to the Hydrogen Action Plan, the Transport Action Plan is presented in 2005 by the LHP [69]. 
The Transport Action Plan consists out of a strategy for reaching the transport application goals in the 
Hydrogen Action Plan. Next to the objective to deploy 70 hydrogen fueled vehicles, the transport 
action plan also presents additional plans: 5% of all public vehicles drive on hydrogen by 2015, 5% of 
all new bought vehicles are driving on hydrogen by 2020, the realization of one large refueling station 
for buses (220kg H2/day), the realization of two central small scale refueling stations, and the launch 
of an independent party which maintains the hydrogen refueling stations and vehicles.  
 
Furthermore, the city of London is one of the initiators of the Hydrogen Bus Alliance (HBA). The 
HBA is a coalition between nine cities (e.g. Amsterdam) with the main objective to support the 
commercialization of fuel cell buses. London initiated the HBA in order to create a stronger voice 
towards the automotive industry, and in order to exchange learning experiences. The LHP is also using 
the experience gained in this demonstration project, in order to derive the goals described above. 
 
In sum, based on the presence of hydrogen infrastructure it can be concluded that, as in the corridor, 
the UK is still in the pre-development phase of the transition towards a hydrogen-based energy system. 
The pre-development phase of a transition is the phase where novel technologies start to emerge in 
technological niches. Furthermore, there is no specific dominant design yet and different technologies 
might be competing with each other. Most actors that are aware of the technological potential engage 
in experiments in order to work out the best design and to find out what the user preferences are.  
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5.3 Institutional support schemes 

This section describes the main characteristics of the real (current) ISSs for hydrogen infrastructure in 
each of the three cases. In general, the ISSs are divided into five columns. The first column represents 
the four transition phases; the pre-development phase, the take-off phase, the acceleration phase, and 
the stabilization phase. The second column represents the different categories of institutional support. 
As mentioned in section 3.2, the introduction of hydrogen into the energy system can be supported 
through a) financial incentives, such as tax incentives (e.g. exemptions) or subsidies, through b) 
regulations, such as minimum performance standards or limited city centre access, or through c) other 
instruments (e.g. labeling systems, launching supporting institutions). The third, fourth and fifth 
column describe the current status of the ISS, in which the third column describes the support 
measures which are already implemented. The fourth column represents the institutional support 
measures which are planned for implementation in the near future. The fifth column represents 
institutional support measures proposed by stakeholders for (possible) future implementation, based 
on their experiences with institutional support for renewable energy [24, 25], their views related to 
institutional support for hydrogen and fuel cells [28, 30, 54, 70, 71], and views based on personal 
communication with consultants, research- and policy experts [72, 73, 74, 75, 76, 77, 78]. Providing 
an overview of institutional support measures proposed by stakeholders (column 5) is important to 
gather insights into what stakeholders’ preferences and ideas are towards building up an institutional 
support scheme for hydrogen and fuel cells. Sub section 5.3.1 describes characteristics of the real ISS 
in the corridor case, sub section 5.3.2 describes the characteristics of the real ISS in the US California 
case, and sub section 5.3.3 describes the characteristics of the real ISS in the UK case.  

5.3.1 Institutional support scheme corridor case 

Table 7 (page 37 and 38) describes the characteristics of the real (current) institutional support scheme 
for hydrogen infrastructure in the corridor. The development of hydrogen is supported through a 
limited number of institutional support measures which are already implemented for the pre-
development phase. Some of the implemented support measures are expected to be part of the ISS for 
the take-off phase as well. This sub section describes these support measures in more detail and a 
distinction is made between the; financial incentives, regulations, and other instruments. 
 

a) Financial incentives  

For the corridor the current institutional support scheme for hydrogen can be characterized by the 
implementation of a few financial incentives which are available from several EU and national funds. 
The package of financial incentives consists out of R&D- and demonstration subsidies (e.g. subsidy 
schemes SenterNovem), and some national tax incentives for FCVs (e.g. road tax exemption). 
 

R&D subsidies are subsidies which cover (a percentage of) the costs involved in conducting R&D. In 
principle, R&D subsidies are limited to the costs for personnel, new equipment, and dissemination 
costs employed exclusively for a specific research activity. R&D subsidies can be provided to a wide 
range of technologies which carry the potential in becoming the technology of the future. As we have 
seen, hydrogen is such a technology and R&D subsidies are available for carrying out R&D, as well as 
demonstration subsidies for initiating hydrogen or fuel cell demonstration projects. Funds for R&D 
and demonstration subsidies are available at three different levels. 

 
At EU level several financial support schemes for hydrogen are in place [79]. The EU mostly provides 
funding via the framework programmes (FPs). The amount of funding depends on the type of project. 
Within the 6th FP (2002-2006), R&D in the field of hydrogen and fuel cell technologies received 
funding up to 50% of the eligible costs, as it was considered as more long term research. 
Demonstration projects received up to 35% of the eligible costs. Most EU funding for hydrogen-
related activities for the pre-development phase is provided under the renewable energy sixth (2002-
2006) and seventh (2007-2011) framework programme. Under the sixth FP €100 million of EU funds, 
matched by an equivalent amount of private investments, has been awarded to R&D and 
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demonstration projects for hydrogen and fuel cells after the first call for proposals in 2003 [79]. 
Further calls for R&D proposals, worth a public and private investment of €300 million (of which EU 
funding will amount up to €150 million) have been awarded in the remainder of the 6th FP. In total 
public and private funding is expected to reach the amount of €2.8 billion over ten years up to 2011. 
From this amount, it is expected that production-related projects will account for €1.3 billion and end-
user application projects around €1.5 billion. Under the 7th FP (2007-2011) the funding rate for 
demonstration projects has been increased to 50% (compared to 35% under the 6th FP). R&D still 
receives a funding rate of 50%.  
 
Furthermore, a major milestone within the 7th FP is the launch of the Fuel Cells and Hydrogen Joint 
Technology Initiative (JTI). The JTI is an ambitious industry-led integrated programme of Research, 
technology development and demonstration activities. This Public-Private Partnership driven by 
European hydrogen industry will be implemented over the next 6 years with a financial contribution 
from the EU of € 470 million, to be matched by the private sector, leading to a total budget of €1 
billion. The JTI aims at accelerating the development of hydrogen technologies to the point of 
commercial take-off between 2010 and 2020 [80]. Furthermore, the EU launched their Interreg 
programmes. An Interreg programme is a subsidy programme from the EU aimed at stimulating 
collaborative efforts between member states of the EU in the field of sustainable development. An 
example of a hydrogen and fuel cell related development project between member states of the EU, as 
part of the Interreg III Euregio project (South of the Netherlands-Flanders), is the Master Plan project 
between the South of the Netherlands and Flanders. The total budget for this project is an expected 
€16 million. Most funding will be coming from the JTI, Interreg funds, to be matched by national 
governments [32,72]. 
 
On a national scale, the Netherlands is the EU Member State which invests the highest percentage of 
its GNP in research and renewable energy projects [79]. The Ministry of Economic Affairs is 
responsible for 61 % of publicly financed energy research, while the Ministry of Education, Culture 
and Science finances 21 % of public energy research. Most research takes the form of university 
research, which is pre-dominantly fundamental and longer term. In addition to these two ministries, 
other ministries such as the Ministry for Environment or the Ministry of Defense contribute on a 
smaller scale [79]. The total effort for hydrogen in the Netherlands is estimated at approximately 5 M€ 
per year. The fuel cell developments are quite extensive. The fuel cell effort is estimated at 
approximately 10 M€ per year. The Netherlands does not have any “national hydrogen” program (yet) 
but conducts actions that are part of the long-term program for reduction of CO2 emissions [35]. 
Combined, most of the hydrogen and fuel cells projects are funded by a mix of public and private 
sources, and through tax incentives. The estimated annual budget is over €30 million, which includes 
about €8-10 million in public funding, matched with the additional €20 million from private parties.  
 
In principle, the Dutch government has the intention to gradually move towards an economy that is no 
longer based on oil and other fossil fuels but on clean, yet also affordable and reliable energy sources 
[35]. The Energy Research Subsidy programme (EOS), which is implemented by SenterNovem a 
subsidy agency of the Ministry of Economic Affairs [81], aims to initiate and support (e.g. financially) 
innovation and research in the fields of energy efficiency and sustainable energy [82].  
 
Besides funding, EOS sets up brainstorm sessions, workshops and conferences to help spark 
innovation. The Energy Research programme encompasses about twenty research fields, grouped into 
five separate networks/areas for specified attention: energy efficiency in agricultural and 
manufacturing industries, biomass, new gas/clean fossil fuels, built environment, generation and 
networking. Within each of these networks/areas of attention SenterNovem formulated several spear 
points. The hydrogen related spear points are part of the network of New Gas/Clean fossil fuels and 
are grouped into; fuel cells, reforming hydrocarbons into hydrogen, and recently a new spear point has 
been added; large scale hydrogen infrastructure (storage and distribution).  



 

 

 
 

Institutional support scheme Corridor case 
 

Transition phase Category (Implemented) institutional support measures, section 
5.1.2.1 

Institutional support measures 
(planned for implementation), section 
5.1.2.2 

Institutional support measures (proposed by 
stakeholders), section 5.1.2.3 

Subsidies: 

• R&D subsidies (EU level, FPs) [28,72, 79] 

• R&D-, demonstration- subsidies (subsidy 

programme SenterNovem by tendering) [72, 

81, 82] 

• R&D and demonstration subsidies (local level, 

municipalities or provinces) [23, 61, 83, 84] 

 Subsidies: 

• Investment subsidies [28, 30] 

Financial 
incentives 

Tax incentives: 

• Purchase tax exemption FCV [72, 76, 85] 

• Road tax exemption FCV [72, 76, 85] 

• Energy Labels [72, 76, 85] 

  

Regulations   • Handbook (HyApproval) [72, 75, 93]  

1. Pre-
development 
phase (-2010) 

Other • Launch of National Hydrogen Coalition 

(DutchHy) [86, 87]  

• Launch of National Hydrogen Association 

(NWV) [72, 81] 

• Nederlandse Praktijkrichtlijn 

(NPR) (expected April 2010) 

[72, 75, 88] 

• Safety guideline fire 

departments (expected (July 

2009) [36, 72, 75, 89] 

• Enlighten administrative burden 

application procedures [28, 30, 94] 

• Increase flexibility in funds [28, 30, 94] 

• Increase transparency tender dates 

[28, 30, 94] 

Subsidies: 

• R&D subsidies (EU level, FPs, JTI) [28,72, 79] 

• R&D and demonstration subsidies (subsidy 

programme SenterNovem) [72, 81, 82] 

• R&D and demonstration subsidies (local level, 

municipalities or provinces) [23, 61, 83, 84] 

 Subsidies: 

• Production subsidies [28, 30] 

• Investment subsidies [28, 30]  

 

Financial 
incentives 

Tax incentives: 

• Purchase tax exemption FCV (expired 1
st

 July 

2013) [72, 76, 85] 

• Road tax exemption FCV (expired 1
st

 July 2013) 

+ Energy Labels [72, 76, 85] 

 Tax incentives: 

• Road pricing system exemption FCV 

[72, 76]   

• Excise duty and VAT reductions FCV 

[72, 76] 

2. Take off phase 
(2010-2020) 

Regulations   • PGS [72, 88] 

• Handbook (HyApproval) [72, 75, 93] 

Table 7: Institutional support scheme corridor case 



 

 

Other • Nederlandse Praktijkrichtlijn (NPR) (expected 

April 2010 [72, 75, 88] 

• Safety guideline fire departments (expected 

(July 2009) [36, 72, 75, 89] 

• National Hydrogen Coalition (DutchHy) [86, 87] 

+ NWV [72, 81] 

• Launch of independent 

project bureau in the south 

of the Netherlands: 

WaterstofNet (expected 

2012) [32] 

• Limited city center access exemption 

[28, 30] 

• Free parking or preferred parking 

closer to buildings/shops [28, 30] 

• Allowance to use public transport lanes 

• Free use of public transport when using 

P+R 

• Extending permits of bus operators 

using hydrogen buses 

Subsidies: 

• Production subsidies [28, 30] 

• Investment subsidies [28, 30] 

Tax incentives: 

• Road pricing system exemption FCV 

[72, 76] 

• Excise duty and VAT reductions FCV 

[72, 76] 

Financial 
incentives 

  

• Zero/low interest loans [30] 

Regulations   • PGS [72, 88] 

• Handbook HyApproval [72, 75, 93] 

3. Acceleration 
phase (2020-
2030) 

Other   • Limited city center access exemption 

• Free parking or preferred parking 

closer to buildings/shops 

• Allowance to use public transport lanes 

• Free use of public transport when using 

P+R 

• Extending permits of bus operators 

using hydrogen buses 

Financial 
incentives 

  • Environmental taxes [28, 30] 

• Consumer rebates [28, 30] 

• Emission trading schemes [28, 30] 

Regulations   • PGS and handbook HyApproval [28, 30] 

4. Stabilization 
phase 
(2040/2050) 

Other   • Public/private procurement [28, 30] 

• Obligation quotes [28, 30] 
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The subsidy scheme of EOS covers everything from new ideas to market introduction and separate 
instruments are being used (some of them in the past): 

• ERS (EOS), New Energy Research (NEO), intended for early-stage innovative ideas. Non 
conventional en new research projects contributing to cleaner, more reliable and more 
affordable energy household 

• ERS (EOS), Long Term (LT), for research into sustainable energy technology. A distinction is 
made between fundamental and industrial research projects which lead to more sustainable 
households in a period of at least 10 years (e.g. ERA-NET HYCO)  

• ERS (EOS), Energy and Collaborative Projects (ES), for all collaborative projects in the field 
of innovation and durability, also in other fields than sustainable energy  

• ERS (EOS), Demonstration (DEMO), subsidizing tests of new energy technologies in 
environments where they will actually be applied  

• ERS (EOS), Unique Chances (UKR), short term coalition and collaborative projects in the 
field of recognized transition paths (e.g. hydrogen)  

• ERS (EOS), Short Term Energy research (KTO), intended for industrial research projects on 
energy technologies and the development  

Currently five instruments are open for application as can be seen on the EOS website: 1. New Energy 
Research (NEO), feasibility studies (opened: 1st January – 15th October 2009). The budget for this 
tender is €500000, 2. Short-term Energy Research (KTO), feasibility studies (opened: 1st of January – 
15th October 2009). The budget for this tender is €1 million, 3. New Energy Research (NEO), research 
projects (opened 1st of May – 20th August 2009). The budget for this tender is €700000, R&D subsidy 
up to 50%, 4. Short-term Energy Research (KTO), research projects (opened 1st of May – 3rd 
September 2009). The budget for this tender is €7.6 million, 5. Demonstration (DEMO), 
demonstration projects (opened 23rd of June - 10th September 2009). The budget for this tender is €7.0 
million. Demonstration subsidies are up to 40% of additional costs (+ 10% for SMRs). In order to be 
considered for a subsidy from EOS a project proposal should fit within one of the five separate 
networks/areas of attention. Initiators of hydrogen related projects (related to one of the spear points 
within the new gas/clean fossil area) can apply for subsidies from the NEO-, LT-, ES-, DEMO-, and 
the UKR tenders [63]. Therefore, currently hydrogen related projects can only gain subsidies from the 
NEO (1 and 3) and the DEMO tenders. Each tender procedure has several criteria to be met for the 
initiators, before the project proposals being approved of and the subsidy granted. And it is important 
that a project proposal matches with the areas of attention, and it needs to fit within one of the spear-
points. The subsidy granting procedures make use of a ‘first come, first serve’ tender strategy.  
Additionally, what can be observed is the fact that on a local level several initiatives, projects and 
activities are taking place in the area of hydrogen technology development and demonstration as well 
[23]. Throughout the country (mostly in the “early user centers”, figure 9), some local municipalities 
and regional governments provide funds for hydrogen and fuel cell development (e.g. municipalities 
of Arnhem, Rotterdam and Amsterdam) [61, 83, 84].  
 
Furthermore, on a national scale three tax incentives are implemented which are applicable to FCVs: 
the purchase tax exemption, road tax exemption, and energy labels [85]. The purchase tax exemption 
for FCV is implemented and will expire on the 1st of July 2013. In general, the amount of road tax 
depends on vehicle category, residence, weight and type of fuel. As an indication, the road tax varies 
from 76-2996 euro’s for gasoline vehicles and it varies from 264-4832 euro’s for the diesel vehicles. 
FCVs are exempted from this tax until the 1st of July 2013. The third tax incentive is the 
implementation of energy labeling systems. This labeling system provides incentives for clean (e.g. 
hybrid) vehicles (tax exemption up to 6400€), while charging extra (up to €1600) for vehicles with 
higher than average CO2 emission and fuel consumption.  
 

b) Regulations 

In the Netherlands there are no specific regulations implemented (yet). 
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Other support measures 

In the Netherlands two public-private collaborations for supporting hydrogen and fuel cell technology 
development are launched: The Dutch Hydrogen Coalition (DutchHy) and the Dutch Hydrogen 
Association (NWV). The Dutch Hydrogen Association is the main network organization in the 
Netherlands for promoting hydrogen as an energy carrier, and is open to all relevant companies, 
institutions and government departments. The Association has a few main working objectives [81]: 
bringing together the industrial sector, knowledge institutes and universities/colleges, and encouraging 
collaboration to increase synergy, support the creation of standards, clusters general information on 
hydrogen as an energy carrier, acts as information centre for the general public, and is constantly 
working to ensure that hydrogen reflects a positive image.  
 
A second collaborative effort can be found in the fact that local authorities and the municipalities of 
Amsterdam, Rotterdam and Arnhem have set up a National Hydrogen Coalition (named: DutchHy). 
This ‘platform’ will include companies, knowledge institutes, civil society organizations and 
governments, working together towards the large-scale application of hydrogen. The coalition will 
make an important contribution to national policy objectives with respect to the climate, air quality, 
energy supplies and innovation. The National Hydrogen Coalition aims to further develop hydrogen 
technology, achieve accelerated application, and create opportunities for the business community in 
the Netherlands. Amsterdam, Arnhem and Rotterdam’s municipalities plan to take the lead with their 
actions. They are convinced that collaboration between cities is very important, in particular between 
Amsterdam, Arnhem and Rotterdam; because they believe that their skills and ambitions with respect 
to hydrogen are complementary [86]. Additionally, the Dutch Hydrogen Coalition is joined by: 
NedStack, HyGear, APTS, Hytruck, Air Products, Linde, PlugPower, Shell Hydrogen en ECN [87]. 
 
Conclusion 

The institutional support mechanisms in the Corridor (financial incentives, other support measures) 
consist out of a set/collection of different institutional support measures which are already 
implemented for the pre-development phase. Each of these individual institutional support measures 
has its own specific characteristics. Table 8 sums up these main characteristics according to the 
different types of institutional support measures as explained in section 3.2. 
 
Table 8: Characteristics of implemented institutional support measures corridor 

 
Category 

Support  
measure 

 
Technology 

specific 

 
Generic 

 
Investment 

focused 

 
Production 

focused 

 
Supply-

oriented 

 
Demand-
oriented 

 
Price-
driven 

 
Quantity 

driven 

R&D subsidies 
(EU level) 

- √ √ - √ - √ - 

R&D subsidies 
(SenterNovem) 

- √ √ - √ - √ - 

R&D subsidies 
(local level) 

√ - √ - √ - √ - 

Demonstration 
subsidies (EU 
level) 

- √ √ - √ - √ - 

Demonstration 
subsidies 
(SenterNovem) 

- √ √ - √ - √ - 

Purchase tax 
exemption 

- √ - - - √ √ - 

Road tax 
exemption 

- √ - - - √ √ - 

Energy labels - √ - - - √ √ - 

Launch DutchHy √ - - - √ √ - - 

Launch NWV √ - - - √ √ - - 
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Furthermore, several institutional support measures are planned for implementation in the near 
future (up to 2012). For instance, in the corridor two important support measures are planned for 
implementation in 2009 and 2010: The Nederlandse Praktijkrichtlijn (NPR) for hydrogen refueling 
stations (2010), and a safety guideline (2009) for fire departments (‘what to do in case of emergencies 
or accidents with hydrogen applications’).  
 
The NPR consists out of practical guidelines and permitting procedures for the realization, 
maintenance, control and operation of hydrogen refueling stations [75, 88]. The safety guideline serves 
as a national guideline for fire departments and contains safety protocols for preparation for and 
prevention of accidents with hydrogen and hydrogen applications [89]. The implementation of the 
NPR and a safety guideline for fire departments are important milestones for the development of an 
institutional support scheme for hydrogen in the Netherlands. A more detailed picture of these two 
support measures is provided in box 1 and 2.  
 

Box 1: Practical guideline - Nederlandse Praktijk Richtlijn for hydrogen (NPR) 

Very recently SenterNovem assigned the Dutch Institute for standardization (NEN) for starting the 
construction of an NPR for hydrogen [88]. NEN supervises processes involved in establishing 
agreements on products and the related work methods and publishes the agreements. NEN supports 
the process as an independent partner. NEN also offers courses and consultancy services to stimulate 
and facilitate the use of the standards. By drawing up standards, NEN contributes to the competitive 
power of industry; nationally, in Europe, and worldwide. In a social sense NEN contributes to general 
safety, health, the environment and innovation. The focus is on established branches of industry, but 
we also operate in the field of new markets and technologies. NEN has been a reliable partner in the 
compilation of national and international standards for more than ninety years. Founded in 1916 by 
the Nederlandsche Maatschappij voor Nijverheid en Handel and the Koninklijk Instituut van 
Ingenieurs, NEN has grown into an organization with an annual turnover of more than € 28 million, 
approximately 270 employees, and more than 1.400 standards committees. As such, NEN is a 
trendsetting knowledge network in the world of standards and regulations. NEN is important for 
hydrogen for the following two reasons [90]: NEN is a knowledge and information centre for 
national, European and worldwide standards, and all current standards, including advice regarding 
hydrogen, fuel cells, other energy carriers and their applications can be obtained from NEN. 
As such, the NEN is one of the key players for the development of a harmonized framework of 
standards, codes & regulations for hydrogen in the Netherlands. In fact, NEN is the only national 
standardization institute in the Netherlands, and is a member of European (CEN, CENELEC, and 
ETSI) and worldwide (ISO, IEC and ITU) standardization networks. At NEN there exists a 
standardization commission 310 197 “Hydrogen and Fuel Cells” which functions as the 
standardization platform in the Netherlands and monitors standardization developments within 
ISO/TC 197 “Hydrogen technologies”, IEC/TC 105 “Fuel cells technologies” and CEN/CLC JWG 
“Fuel cell gas heating appliances”, and NEN delegates experts into the working groups of these 
technological commissions. The construction of an NPR fits the main goals of the standardization 
commission 310 197 “Hydrogen and Fuel Cells”. The commission consists out of experts and 
stakeholders throughout the field of hydrogen. Examples are several market players, governmental 
organizations (e.g. SenterNovem), branch organizations, transport companies (e.g. GVB), research 
institutes (e.g. ECN), potential investors, and certification organizations (e.g. KIWA).  
 
The main goal of creating a NPR is to construct a document which consists of practical guidelines for 
the realization, maintenance and control of Hydrogen Refueling Stations in the Netherlands. On the 
one hand, the NPR can be used by authorized organizations as a practical guideline for granting 
permits to institutes and organizations who want to exploit hydrogen refueling stations. On the other 
hand, installation firms can use the NPR as a practical guideline for planning, designing and realizing 
hydrogen refueling stations [20, 90]. For the realization of hydrogen refueling stations permits are 
compulsory. Permits are necessary in order to reduce the risks for the environment and users. As for 



     An institutional support scheme for large scale hydrogen infrastructure development           

 S.A.Talle  

 

42  

 

today, there are no practical guidelines for hydrogen applications available in the Netherlands, which 
could be helpful to accelerate permitting procedures, etc. As a result authorized organizations refer 
the initiators to other organizations or to guidelines which are not designed for hydrogen applications.  
This process causes large delays in permitting procedures. The construction of a NPR can be helpful 
for all parties involved in realizing hydrogen refueling stations: the initiators, permitting 
organizations, installation and construction companies, etc. The NPR for hydrogen, also known as a 
NEN guideline, consists out of advice and guidelines for the installation, construction and control of 
hydrogen refueling stations from an architectural and safety perspective. It is expected that the 
construction of the NPR will take about a year. What is aimed for is to finish the document 
somewhere around April or May 2010 (incl. some delays). The most important elements that are most 
likely going to be described in an NPR are [20, 75, 88]:  

 

Design and construction of hydrogen refueling stations. First, technical descriptions are given of 
the following aspects: existing technologies for on-site hydrogen production, the possibilities for 
storage of hydrogen (and pressurizing systems), existing techniques for refueling, high and low 
pressure (including safety aspects and the environmental/building permitting procedures), methods 
for providing information and instructions to the driver. Secondly, in a case of multi-fuel refueling 
stations (which are most likely to be constructed in the initial phase) it is very important to know how 
hydrogen or at least the presence of hydrogen at the refueling station influences other fuels (e.g. 
safety aspects). Third, environmental aspects like development plans, surrounding buildings/houses, 
driving routes for hazardous fuels.  
 
Maintenance and control of refueling stations. Daily practice at refueling stations: surveillance, 
checking procedures (compliance management), competencies of employees, etc. Secondly, how to 
handle in case of emergencies: emergency and evacuation plan, how to communicate to the 
environment in case of emergencies, etc. Third, a maintenance schedule: tasks, inspection and 
practical guidelines.  
 
Permitting procedure. This aspect will be included in the NPR as well. A description is given of the 
authorized organizations and their role in permitting procedures. Secondly, the role of the fire 
department concerning advisory and inspection is described, and third, an overview of all required 
data for granting and requesting permits (building-, environmental permits procedures) is provided. 

 

 

Box 2: Safety guideline for fire departments 

Safe handling of hydrogen is an important issue in the further development of hydrogen technologies. 
In the Netherlands an important development has been made in this area with the construction of a 
safety guideline for fire departments. The fire department of Amsterdam-Amstelland has been 
assigned by SenterNovem to create a national safety guideline (usable for all regional fire 
departments) for what to do in case of emergencies or accidents with hydrogen or hydrogen 
applications [89]. The safety guideline is meant for all the fire departments in the country as safety 
protocols for the preparation for and prevention of possible accidents with hydrogen. Additionally, 
the document could also be helpful for the initiators of hydrogen projects (e.g. demonstration), 
permitting organizations, Geneeskundige Hulpverlening bij Ongevallen en Rampen (GHOR) and 
police departments. If all parties involved are aware of the existence of this document, they know 
what to do in case of emergencies or accidents with hydrogen applications, and they also know how 
to collaborate on this. Besides the development of this safety guideline for the fire departments, some 
Dutch stakeholders are also participating in the EU-funded HySafe project. Our participation in this 
project is important for the development of standards & codes regarding the safe handling of 
hydrogen technologies. Hydrogen codes and standards are being developed to provide the 
information needed to safely build, maintain, and operate hydrogen and fuel cell systems and 
facilities, ensure uniformity of safety requirements, and provide local officials and safety inspectors 
with the information needed to certify hydrogen systems and installations. 



     An institutional support scheme for large scale hydrogen infrastructure development           

 S.A.Talle  

 

43  

 

Furthermore, an additional support measure (planned for implementation) somewhere around 2011-
2012 [32] is the launch of an independent project bureau in the South of the Netherlands. In several 
interviews conducted for the construction of a Master plan for a transnational project between the 
South of the Netherlands and Flanders, it seemed that among stakeholders there is a strong need for 
the launch of an independent project bureau which carries the following responsibilities [32]: stimulate 
demand, contribute to the continuity of launched demonstration projects (supply), collects money from 
the JTI and the Dutch government, fulfils an intermediate role between the government and the 
industry sector, and contributes to the development of a harmonized framework of standards, codes & 
regulations. The project bureau (proposed name: ‘WaterstofNet’) is proposed to carry the 
responsibility of closely assisting/coordinating demonstration projects by solving operational and 
technological barriers. Additionally, one of the goals of the bureau is to gradually start with the 
implementation of hydrogen infrastructure (e.g. refueling stations, vehicles, etc.) in the South of the 
Netherlands and in Flanders. The launch of the project bureau is part of the Interreg III project: 
“Waterstofregio Zuid-Nederland and Vlaanderen” [32], and is expected to be launched before 2012. 
The Interreg project is running from 2008-2012 and requires a budget of 16 million euro’s. 
 

Conclusion 

The real ISS for the pre-development phase in the Corridor also consist out of a limited set/collection 
of different institutional support measures which are planned for implementation. Each of these 
individual institutional support measures has its own specific characteristics. Table 9 sums up these 
main characteristics according to the different types of institutional support measures as explained in 
section 3.2. 
 
Table 9: Main characteristics of planned institutional support measures corridor 

   Category 
 
 
Support  
measure 

 
 

Technology 
specific 

 

 
 

Generic 

 
 

Investment 
focused 

 
 

Production 
focused 

 
 

Supply-
oriented 

 
 

Demand-
oriented 

 
 

Price-
driven 

 
 

Quantity 
driven 

NPR √ - - - √  - - 

Safety 
guideline 

√ - - - √ - - - 

Launch of 
project 
bureau 

√ - √ - √ √ - - 

 
When designing an ISS it is important to take stakeholders’ experiences and preferences for certain 
institutional support measures in the Corridor into account as well. In this section some of the 
preferences of and recommendations by stakeholders and policy experts for possible future 
institutional support measures for the Corridor are collected. The proposed institutional support 

measures are partly based on experiences and views of policy- and research experts at SenterNovem 
and ECN [72, 73, 74, 75], and partly on stakeholders who want to bring hydrogen technology to the 
market [24, 25, 28, 30, 73]. The proposed institutional support measures are not (yet) part of the 
current or future institutional support scheme for hydrogen in the corridor. Again, a distinction is made 
between a) financial, incentives, b) regulations and c) other instruments. 
 

a) Financial incentives 

Government support for hydrogen & fuel cell demonstration is absolutely necessary as mentioned by 
the stakeholders [28, 30, 72, 73, 74, 75]. In fact, because of the high initial investment costs most 
stakeholders plead for the implementation of investment subsidies as soon as possible because the 
current financial support measures are not capable of covering the high costs. Furthermore, 
stakeholders plead for additional production subsidies, low interest loans and additional tax incentives 
for the take-off & acceleration phase. For the stabilization phase preferences are shifting towards 
general support measures like: environmental taxes, consumer rebates, and emission trading schemes.  
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Investment subsidies are subsidies or grants which could help to overcome the large initial investments 
that have to be made, for instance, for the development and construction of hydrogen refueling 
infrastructure. Investment subsidies are mostly used to stimulate investments in less cost-effective 
technologies, such as hydrogen, and generally cover between 20-50% of the investment costs. One of 
the major advantages of investment subsidies is its flexibility to adapt the amounts and the type of 
technology which receives the support, and it allows the government to guide the direction of 
technological development. Important in implementing investment subsidies is the fact that the 
government should avoid picking one winner, by not subsidizing other alternative technologies, 
however, let market forces decide the technological preference [24, 25, 28]. If the market mechanism 
is influenced too much then the introduction of new technologies could be seriously hampered. 
Production subsidies are subsidies which could also help to overcome the large costs that have to be 
made when operating or exploiting new technologies. Production subsidies are covering parts of the 
additional operating/exploiting costs and may vary in percentage of the total eligible costs.  
Furthermore, in order to make large investments large sums of money have to be borrowed. One of the 
major problems, especially in these times of economic downturn, is the fact that companies are less 
willing to borrow money because of the high risks. A possibility to increase the attractiveness of 
borrowing money is by means of low-interests. When the cost of capital is reduced, then the average 
cost per unit will decrease, and eventually reduce the risks of investment [24, 25, 28]. However, if zero 
and/or low interest loans fit within the Dutch governmental policy is highly uncertain [76].  
 
Based on personal communication with policy experts at SenterNovem and the Ministry of Finance 
[72, 76] it seems that for hydrogen it is likely that three additional tax incentives may be implemented 
in the take-off phase: a road pricing system exemption, and VAT and fuel excise duty reductions. The 
road pricing system exemption depends on the implementation of the road pricing system itself. In 
December 2007 the Dutch Minister of Transport, Camiel Eurlings, announced that the road pricing 
system will be implemented for passenger cars in 2012. However, the proposal still needs to be 
adopted by the Dutch government [91]. It seems that VAT and fuel excise duty reductions are 
additional tax support measures which are very likely to be implemented. However, the height of the 
fuel excise duty is still a questionable issue because of difficulty with the fact that so many production 
sources are available [28, 30, 72, 76]. For the stabilization phase, stakeholders propose to implement 
more general tax incentives like environmental taxes or consumer rebates. Consumer rebates can be 
considered as a tax relief which can be given to consumers who purchase hydrogen fueled vehicles. 
This might be further stimulating the demand for FCVs [28, 30]. In general, consumer rebates are a 
generic support measure [28, 30]. Additionally, stakeholders propose environmental taxes to be an 
effective support measure in the stabilization phase. And finally, stakeholders propose to implement 
emission trading schemes in the stabilization phase as a financial support measure [69]. An emission 
trading scheme is based on the idea of paying a certain price for certain emissions. An example is the 
implementation of CO2 pricing schemes. CO2 pricing schemes are based on the idea to put tax on 
conventional vehicles based on their level of CO2 emission [92]. 
 

b) Regulations 

In the Netherlands there is a strong lack of regulations, and standards & codes for hydrogen and fuel 
cell technologies. For the corridor it is important to develop a framework which is harmonized with 
the international developments (e.g. HySafe) in the field of safety, regulations, standards & codes. An 
important step is made with the NPR. However, based on personal communication with two (senior) 
consultants at NEN and with policy experts at SenterNovem [72] it seems that in the near future (take-
off phase) there will be demand for constructing and implementing a Publikatiereeks Gevaarlijke 
Stoffen (PGS) for hydrogen. A PGS is connected to an NPR, but a PGS contains technological 
standards as well. By raising both documents (NPR and PGS) to normalization documents in the 
future an important development can be made in the regulatory field of hydrogen [20, 72]. An 
important starting document for the construction of an NPR and a PGS is the Handbook for Approval 
of Hydrogen Refueling Stations from the HyApproval project [72, 74, 75].  
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A Publikatiereeks Gevaarlijke Stoffen (PGS) has the purpose to give an overview (based on existing 
techniques) of guidelines, regulations, demands and criteria for permitting procedures, and general 
rules for firms working with hazardous fuels, regarding storage and distribution (e.g. hydrogen). In 
2008, the Dutch government decided to hand over the actualization and control of the PGS to an 
independent organization; the NEN and this resulted in the launch of PGS Beheer. The Ministry of 
VROM provides a yearly budget for this process. The PGS Project bureau is part of PGS Beheer and 
has been stationed at NEN, since 2008. A PGS differs from a NPR in a sense that a PGS also contains 
standards, besides practical guidelines [75, 88]. Based on an interview with two energy consultants at 
NEN (appendix B), it is expected that somewhere around the year 2011 or 2012 the project team for 
the NPR will evaluate the NPR project and discuss the possibilities for extending the NPR to a PGS 
[75]. It is expected that the NPR and a PGS may support each other: the NPR is more concerned with 
the installation of the hydrogen refueling station; the PGS is more concerned with environmental 
permitting aspects and fire protection issues.  
 
Additionally, important international work with regard to permitting procedures for hydrogen 
refueling stations has been performed within the HyApproval project [93]. The main purpose of 
HyApproval was to develop a universal Handbook (HB) to facilitate the approval process of hydrogen 
refueling stations (HRS’s) in Europe. The handbook contains technical and regulatory requirements to 
assist authorization officials, companies and organizations with the implementation and operation of 
an HRS, to finalize the HRS technical guideline started under the EU project EIHP2 and to contribute 
to the international standards under development at ISO TC197, particularly to WG11 “Gaseous 
hydrogen – Fuelling stations” ISO/DTS 20012. [93]. The Handbook provides recommendations for a 
EU27 uniform approval process for HRS. The Handbook is divided into two main parts. Part I is 
called: “Guidelines for design, operation & maintenance of a Hydrogen Refueling Station” provides 
technical guidelines and best practices related to construction and operation of a hydrogen refueling 
station. It includes the properties of hydrogen, and the list of regulations, codes and standards related 
to HRS. It also presents the methodologies for a risk assessment in the framework of a HRS approval. 
Part II is called: “Permitting process” proposes an approval route, which could be applicable all over 
Europe. The permitting procedures for hydrogen refueling stations in the Netherlands should be 
synchronized with the data in this Handbook [75]. In case of the NPR and the PGS, this means that the 
Handbook may serve as major input for these documents [75].  

 

c) Other support measures 
The other institutional support measures proposed by stakeholders for the pre-development phase are 
mostly aimed at reducing the administrative burden and inflexibility in budgets for projects and project 
proposals [30, 73]. For the take-off and acceleration phase the other proposed measures are mostly 
directed towards increasing the attractiveness of hydrogen as a transport fuel. Furthermore, for the 
acceleration phase also public procurement and tender procedures are mentioned as useful supportive 
measures, and for the stabilization phase public/private procurement and obligation quotes are 
proposed [28, 30]. This subsection describes these support measures in more detail.  
 
In general stakeholders prefer to make the project application procedures as smooth as possible. This 
means the time between submitting a project proposal and project approval should be kept as short as 
possible. One of the major hurdles in the application phase is the administrative burden for the 
initiators [94] and stakeholders plead for further simplification of the application procedures. 
Furthermore, a shortcoming to project funding is the lack of continuity of funding. Some of the 
projects experience major delays because of unforeseen circumstances (e.g. economic crises). What is 
preferred by the stakeholders is more flexibility in budgets. A last drawback mentioned by 
stakeholders is the lack of transparency with respect to the opening dates for tenders [72, 94].  
 
From a marketing point of view it is very important for hydrogen to have in place some general 
stimulating measures which increase the attractiveness of hydrogen to be used as transport fuel. 
Stakeholders believe, these stimulating measures are able to exert a certain amount of pressure on the 
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current socio-technical regime. The idea behind this is the fact that the user will value these 
advantages and this will stimulate demand. Examples of ‘general’ stimulation measures are [30]: 
limited city centre access for conventional vehicles (e.g. at specific hours of the day, hydrogen 
vehicles are exempted), free parking for hydrogen vehicles or specific parking places for hydrogen 
vehicles closer to entrances of buildings, shops, allowance for hydrogen vehicles to use public 
transport lanes, free use of public transport when making use of P+R, fleets using hydrogen can also 
deliver their goods in busy city centers during the day, and/or extending permits for bus/taxi/service 
companies when making use of hydrogen vehicles. These general stimulation measures are supposed 
to be most effective in the take-off and acceleration phase with varying intensity [30].  
 
Tendering is a tool which enables a competitive procedure of providing subsidies [28]. Upfront, the 
objectives are set (e.g. realizing hydrogen demonstration projects). Obtaining the best results with 
tender procedures is a matter of selecting the offers with the lowest costs, in combination with the ones 
which make the biggest contribution to reaching the objectives set up front. Based on all proposals, the 
government decides to whom to allocate the money. Tendering enables the government to direct 
technological progress, and even to create early markets. Public procurement is a powerful tool in 
order to increase the demand for a product or service [28]. With public procurement the government 
becomes one of the major customers. By purchasing the specific technology, the government creates 
advantages for the suppliers (e.g. higher production volumes, etc.).  
 
Finally, quota obligations are seen as an effective support measure in the stabilization phase. A Quota 
obligation is a tool which enables the government to set a target and let the market determine the price. 
For instance, the government can mandate a minimum production, distribution or consumption share 
[28]. Quota obligations can be set on producers, distributors or consumers.  

5.3.2 Institutional support scheme US California case 

Table 10 (page 47-549) describes the characteristics of the real ISS for hydrogen infrastructure in the 
California case. As mentioned in section 5.2.2, the state of California is already in the take-off phase 
of the technological transition. This means that the state of California already has experience with 
building up an ISS for the pre-development phase (5.3.2.1), as well as for the take-off phase (5.3.2.2).  

5.3.2.1 ISS for the pre-development phase 

In this sub section a description is given of the main characteristics of the real ISS for hydrogen 
infrastructure in the pre-development phase in California (ca. up to 2005). A distinction is made 
between a) financial incentives, b) regulations, c) and other instruments. 
 

a) Financial incentives 

The US and the State of California have implemented several financial incentives (at state and federal 
level) in the pre-development phase. An overview of the implemented and expired institutional 
support measures in the US (at federal and state level) can be found at the DOE website [95]. The 
financial incentives for the pre-development phase can be characterized by a package of R&D-, 

production-, investment-, and demonstration subsidies available from several federal and state funds, 
along with the implementation of some tax incentives (table 10). The four subsidy forms are available 
from several federal and state funds. On a federal level, several funds are available from different 
governmental departments (table 11). In general, The US government carries out most of its hydrogen 
and fuel cell R&D under the Hydrogen, Fuel Cells and Infrastructure Technologies Program. The 
administration sharply increased funding in 2003, with the launch of a five-year $1.2 billion hydrogen 
development program (up to 2009), known as the Hydrogen Fuel Initiative. This initiative partly 
overlaps with funds made available for the take-off phase. On a state level most funding for hydrogen 
and fuel cells in the pre-development phase is available from the CAFCP and the Californian 
government by means of the same four subsidy forms as mentioned above. These subsidies are mostly 
available from several state- and local initiatives and development programs  



 

 

 
 

Institutional support scheme California case 
 
 

Transition phase Category (Implemented) institutional support measures, 
section 5.2.2.1 [DOE website] 

Institutional support measures (planned for 
implementation), section 5.2.2.2 

Institutional support measures (proposed 
by stakeholders), section 5.2.2.3 

Subsidies, grants: 

• R&D subsidies (state and federal level) 

• Investment subsidies (state level) 

• Production subsidies (state level) 

• Demonstration subsidies (state and federal 

level) 

  Financial 
incentives 

Tax incentives: 

• Accelerated depreciation (federal level) 

• Consumer rebates (state level) 

• Tax credits (federal and state) 

• Fuel duty relief (federal) 

  

Regulations • Zero Emission Vehicle Mandate (ZEVs) 

• GHG emission standard 

• AFV additional license fee costs reduction 

• Hybrid access to High Occupancy Vehicle 

(HOV) lanes 

• CAFE standards (federal level) 

  

1. Pre-
development 
phase (Ca. -
2005) 

Other • Clean Vehicle Parking incentive 

• State Alternative Fuels Plan 

• Hydrogen permitting guide 

• Hydrogen codes, standards and regulations 

matrix 

• Guide to safety of hydrogen and hydrogen 

systems (NASA) 

• California Fuel Cell Partnership (CAFCP) 

• National Hydrogen Association 

• DOE National Hydrogen Program 

• CAH2Net- California hydrogen Highway 

• California hydrogen fueling station 

guideline 

  

2. Take off phase 
(Ca. 2005-2015) 

Financial 
incentives 

Subsidies, grants: 

• R&D subsidies (state and federal level) 

  

Table 11: Institutional support scheme California case 



 

 

• Investment subsidies (state level) 

• Production subsidies (state level) 

• Demonstration subsidies (state and federal 

level) 

Tax incentives: 

• Alternative fuel tax exemption 

• Fuel excise duty tax credits 

• Fuel infrastructure tax credits 

• Fuel mixture tax credits 

• Fuel cell motored vehicle tax credits 

• Qualified Alternative Fuel Motor Vehicle 

(QAFMV) tax credits 

• License tax fee exemption 

• Accelerated depreciation 

• Fuel duty relief 

• Consumer rebates (expired 2009) 

Loans: 

• Loan guarantees/Low interest loans 

  

Regulations • Public procurement 

• Zero Emission Vehicle Mandate (ZEVs)  

• GHG emission standard 

• AFV additional license fee costs reduction 

• Hybrid access to High Occupancy Vehicle 

(HOV) lanes 

• CAFE standards (federal level) 

  

Other • Clean Vehicle Parking incentives 

• Several stimulation programmes 

• State Alternative Fuels Plan 

• Hydrogen permitting guide 

• Hydrogen codes, standards and regulations 

matrix 

• CAH2Net-California hydrogen highway 

• Guide to safety of hydrogen and hydrogen 

systems (NASA) 

• California Fuel Cell Partnership (CAFCP) 

• National Hydrogen Association 

• DOE National Hydrogen Program 

• California hydrogen fueling station 

guideline 

• Investment plan for the alternative 

and renewable fuel  and vehicle 

technology program [97] 

• Limited city center access 

exemption [28, 30] 

• Free parking or preferred parking 

closer to buildings/shops [28, 30] 

• Allowance to use public transport 

lanes [28, 30] 

• Free use of public transport when 

using P+R [28, 30] 

• Extending permits of bus 

operators using hydrogen buses 

[28, 30] 



 

 

• Hotel discounts 

• Insurance discounts 

• Several other discounts/parking 

• Additional consumer tax credits 

[28, 30, 70, 71, 77, 78] 

• Same tax credits as implemented 

in take-off phase [28, 30, 70, 71, 

77, 78] 

Financial 
incentives 

  

• Loan guarantees [28, 30, 70, 71, 

77, 78] 

• Low interest loans  

Regulations   • Public and private procurement 

[28, 30, 70, 71, 77, 78]  

• Modified CAFE standards [28, 30, 

70, 71, 77, 78] 

3. Acceleration 
phase ( Ca. 
2015-2030) 

Other  

 

 

 

 • Tender procedures [28, 30, 70, 

71, 77, 78] 

• Active role of CAFCP and DOE 

• Limited city center access 

exemption 

• Free parking or preferred parking 

closer to buildings/shops 

• Allowance to use public transport 

lanes 

• Free use of public transport when 

using P+R 

• Extending permits of bus 

operators using hydrogen buses 

Tax incentives: 

• Consumer rebates [28, 30, 70, 71, 

77, 78]  

• Environmental taxes  

Financial 
incentives 

  

• Emission trading scheme  

Regulations   • Public private procurement [28, 

30, 70, 71, 77, 78]  

4. Stabilization 
phase (Ca. 
2040/2050) 

Other   • Active role of CAFCP and DOE 
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  Table 11: US Government spending (in million dollars) in hydrogen and fuel cells [79] 

 
 
In the pre-development phase several tax incentives were implemented as well; accelerated 
depreciation, consumer rebates, some tax credits, and fuel duty relief. The accelerated depreciation 
measure is helpful for reducing costs of investment. This results in an attractive investment climate. 
The cost of investment can for instance be depreciated much quicker, resulting in earlier revenues. 
Consumer rebates are implemented and part of the Alternative Fuel Vehicle rebate program. This 
program was expired in 2009 and thus also partly overlaps the take-off phase of the transition. More 
details can be found in appendix C. Most tax credits take the form of consumer tax credits in the pre-
development phase. 
 

a) Regulations 

In the state of California several regulations are implemented for Alternative Fueled Vehicles [28, 95]. 
In the first place, the state of California has introduced its zero emission vehicle mandates (ZEV). For 
car manufacturers it is compulsory to manufacture a percentage of their production volume in zero 
emission vehicles. These percentages are increasing yearly [28, 53]. A second regulation in the state of 
California is the Greenhouse Gas (GHG) emission standards [28]. In September 2004, the California 
Air Resources Board (ARB) approved regulations to control greenhouse gas emissions (GHG) for new 
vehicles beginning with the 2009 model year. The regulation sets a declining fleet average standard of 
greenhouse gas emissions, with separate standards for the lighter and heavier vehicle fleets [28]. A 
third regulation is concerned with the fact that Alternative fueled vehicles (e.g. FCVs) are allowed to 
use High Occupancy Vehicle lanes in the state of California. And fourth, on a federal level CAFE 
standards are implemented. CAFE is the sales weighted average fuel economy, expressed in miles per 
gallon, of a manufacturer's fleet of passenger cars or light trucks with a gross vehicle weight rating of 
up to 8,500 pounds manufactured for sale in the U.S [95].  
 

a) Other support measures 

The state of California has implemented several other support measures for Alternative Fueled 
Vehicles (e.g. FCVs). They have implemented (and some of them are already expired) several general 
stimulation measures (e.g. free parking incentives, etc.), and the state of California launched the 
California Fuel Cell Partnership. CAFCP implemented several stimulation programmes, and 
performed a lot of work in the development of standards, codes, and permitting documents/procedures.  
 
In the first place, several clean car parking incentives are implemented throughout the state. Second, in 
order to equalize the vehicle license fee between AFVs and conventional fuel vehicles, the incremental 
cost of purchasing an AFV is exempt from the vehicle license fee (of 2%) when the costs are more 
than the most comparable conventional fuel vehicle. More details on these stimulation measures can 
be found in appendix C. Furthermore, the state of California has implemented also some additional 
general stimulation measures such as: hotel discounts to people driving AFVs, insurance discounts (at 
some insurance companies) up to 10%, and an exemption for license tax fee. Additionally, the 



     An institutional support scheme for large scale hydrogen infrastructure development           

 S.A.Talle  

 

51  

 

California Energy Commission, in partnership with the California Air Resources Board, prepared the 
State Alternative Fuel Plan. The State Alternative Fuels Plan presents strategies and actions California 
should take to increase the use of alternative non-petroleum fuels in a manner that minimizes costs to 
California and maximizes the economic benefits of in-state production. 
 
Furthermore, In January 1999, two state government agencies—California Air Resources Board and 
California Energy Commission joined with six private sector companies—Ballard Power Systems, 
DaimlerChrysler, Ford Motor Company, BP, Shell Hydrogen and ChevronTexaco—to form the 
California Fuel Cell Partnership (CAFCP). The goal was to demonstrate and promote the potential for 
fuel cell vehicles as a clean, safe, and practical alternative to vehicles powered by internal combustion 
engines. Within a very short time, other government agencies and private businesses became 
members. A few of the activities that the CAFCP is performing are [96]: Technical and juristic support 
for building and demonstrating FCVs and fuel stations, stimulating the development of practical codes 
and standards, also for the operation of fuel  stations, preparing early adopter communities, and 
coordination with other FCV demonstration programs worldwide. The CAFCP may be characterized 
by strong financial involvement of the members. The financial contributions of the members enable 
the CAFCP to support R&D and demonstration activities for hydrogen and fuel cells. They focus on 
the development of a vision with quantitative objectives, and on launching additional supporting 
institutions for: permitting, standardization and education. The activities of the CAFCP are supported 
by an extensive project management bureau [53].  
 
Additionally, in the US and in the state of California several stimulation programs are launched. The 
Air Pollution Control Program (federal level) assists state, local, and tribal agencies in planning, 
developing, establishing, improving, and maintaining adequate programs for prevention and control of 
air pollution or implementation of national air quality standards. Plans may emphasize alternative 
fuels, vehicle maintenance, and transportation choices to reduce vehicle miles traveled. Eligible 
applicants may receive federal funding for up to 60% of project costs to implement their plans. The 
Clean Fuels Grant Program (federal measure) assists designated ozone and carbon monoxide air 
quality nonattainment and maintenance areas in achieving or maintaining the National Ambient Air 
Quality Standards through grant funding. The program accelerates the deployment of advanced bus 
technologies by supporting the use of low-emission vehicles in transit fleets. The program assists 
transit agencies in purchasing low-emission buses and related equipment, constructing alternative fuel 
stations, modifying garage facilities to accommodate clean fuel vehicles, and assisting with the use of 
biodiesel. Furthermore, on a federal level the National Program for Fuel Cell Bus Technology 
Development is launched. The goal of the NFCBP is to facilitate the development of commercially 
viable fuel cell bus technologies and related infrastructure with funding awarded through a 
competitive grant process. On a state level the Hydrogen Energy Plan was launched in California. 
California’s 21 interstate freeways are designated as the "California Hydrogen Highway Network", 
CAH2Net, and the state is committed to working with legislators, energy providers, automakers, and 
others to achieve the following by 2010: 1) Build a network of hydrogen fueling stations; 2) ensure 
that hydrogen vehicles are commercially available for purchase; 3) incorporate hydrogen vehicles into 
the state fleet; 4) develop safety standards for hydrogen fueling stations and vehicles; and 5) establish 
incentives to encourage the use of hydrogen vehicles. 

Standards, codes, safety and permitting 

Most activities for standards, codes, regulations and safety development are performed on a federal 
level. DOE does a lot of work together with many others (from CAFCP and National Hydrogen 
Association). The DOE has sponsored work in codes and standards as a key part of its efforts since 
1995. In the US more than 600 organizations create codes and standards, and sometimes those 
organizations overlap or conflict. The government’s role is to assess all the current and evolving codes 
to adopt into laws and regulations. In the US there has been done a lot of work in this area. The 
Hydrogen, Fuel Cells, and Infrastructure Technologies Program of the U.S. Department of Energy 
(DOE) and the National Renewable Energy Laboratory (NREL), with the help of the National 
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Hydrogen Association (NHA) and other key stakeholders (e.g. from California), are coordinating a 
collaborative national effort by government and industry to prepare, review, and promulgate hydrogen 
codes and standards needed to accelerate hydrogen infrastructure development. Another important 
effort initiated by the DOE was the preparation of the Sourcebook for Hydrogen Applications, 
published in 1998. The Sourcebook attempted to compile in a single volume key materials from 
existing sources to provide an overview and reference materials of prevailing practices and applicable 
standards and codes for the use of hydrogen as a fuel. 
 
Most activities for standards, codes, regulations and safety development are performed on a federal 
level. DOE does a lot of work together with many others (from CAFCP and National Hydrogen 
Association). The DOE has sponsored work in codes and standards as a key part of its efforts since 
1995. In the US more than 600 organizations create codes and standards, and sometimes those 
organizations overlap or conflict. The government’s role is to assess all the current and evolving codes 
to adopt into laws and regulations. In the US there has been done a lot of work in this area. The 
Hydrogen, Fuel Cells, and Infrastructure Technologies Program of the U.S. Department of Energy 
(DOE) and the National Renewable Energy Laboratory (NREL), with the help of the National 
Hydrogen Association (NHA) and other key stakeholders (e.g. from California), are coordinating a 
collaborative national effort by government and industry to prepare, review, and promulgate hydrogen 
codes and standards needed to accelerate hydrogen infrastructure development. Another important 
effort initiated by the DOE was the preparation of the Sourcebook for Hydrogen Applications, 
published in 1998. The Sourcebook attempted to compile in a single volume key materials from 
existing sources to provide an overview and reference materials of prevailing practices and applicable 
standards and codes for the use of hydrogen as a fuel. 
 
The DOE Hydrogen Codes and Standards Coordinating Committee (HCSCC) were established in the 
year 2002 by the Hydrogen Program. The mission of the HCSCC is to coordinate the development and 
implementation of a consistent set of hydrogen-related codes and standards that will ensure the safe 
production, delivery, and use of hydrogen, and facilitate the accelerated commercialization of 
hydrogen technologies for stationary, transportation, and portable applications. In addition to serving 
as the data base repository and gatekeeper for the codes and standards activities being conducted 
within DOE, the HCSCC will also reach out to and collaborate with other national (e.g. CAFCP) and 
international organizations involved in codes and standards activities to promote the sharing and 
dissemination of this information. Furthermore, led by the Energy Efficiency and Renewable Energy, 
DOE is working with code development organizations, code officials, industry experts and national 
laboratory scientists throughout the country to draft new model codes and standards for domestic and 
international production, distribution, storage, manufacturing and utilization of hydrogen. To help 
local permitting officials deal with proposals for hydrogen fueling stations and fuel cell use and other 
hydrogen projects, DOE has developed a permitting hydrogen facility -web site that helps identify 
model codes and standards pertinent to such projects. The state of California (as a major contributor) 
has also the opportunity using documents which are available at the DOE website: 
 

• The hydrogen permitting guide [98]. Codes and standards are needed to ensure safety, as well 
as to commercialize hydrogen as a fuel. To accomplish its objectives, DOE works with code 
development organizations, code officials, industry experts, and national laboratory scientists 
to draft new model codes and equipment standards that cover emerging hydrogen technologies 
for consideration by the various code-enforcing jurisdictions. In support of the program 
objectives, the following guide was developed through a collaborative effort involving the 
National Fire Protection Association (NFPA), the International Code Council (ICC), Pacific 
Northwest National Laboratory (PNNL), and the National Renewable Energy Laboratory 
(NREL) 
 

• The Hydrogen Codes, Standards and regulation matrix. Represents a matrix of activities (in 
the field of standards & codes), relevant for hydrogen and fuel cell technologies (compiled by 
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DOE Hydrogen Standards & Codes coordinating committee). This matrix is updated regularly 
and available online. The DOE Hydrogen Codes and Standards Coordinating Committee 
(HCSCC) was established early 2002 by the Hydrogen Program. The mission of the HCSCC 
is to coordinate the development and implementation of a consistent set of hydrogen-related 
codes and standards that will ensure the safe production, delivery, and use of hydrogen, and 
facilitate the accelerated commercialization of hydrogen technologies for stationary, 
transportation, and portable applications 
 

• Practical guideline for Hydrogen Refueling stations in California. This document is 
intended to be a resource for anyone considering the installation of a hydrogen fueling station. 
Its objective is to provide guidance for planning, designing, and permitting to refuel hydrogen-
fueled vehicles 
 

• Hydrogen safety handbook NASA [99]. This handbook is a central agency document 
containing guidelines for safely storing, handling, and using hydrogen in gaseous, liquid, or 
slush form, whether used as a non-propellant or propellant. Each designer, user, operator, 
maintainer, assurance person, and designated project manager is responsible for incorporating 
the appropriate requirements of this guideline document into their projects or facilities. The 
purpose of the Hydrogen Safety Handbook is to provide a practical set of guidelines for safe 
hydrogen use. Specific or special considerations for each form will be delineated. This 
handbook contains chapters on properties and hazards, facility design, design of components, 
materials compatibility, detection, and transportation. It also covers various operational issues 
and emergency procedures 
 

• Permitting hydrogen facilities website. The objective of this U.S. Department of Energy 
Hydrogen Permitting Web site is to help local permitting officials deal with HRSs, fuel cell 
installations for telecommunications backup power, and other hydrogen projects. On this 
website the US government provides all the technical and safety codes and standards needed 
for building a HRS. 

 
Finally, on a federal level important work is performed by the Department of Energy (DOE) by 
launching the US DOE National Hydrogen Program. The national hydrogen program works in 
partnership with industry, academia, national laboratories, federal and international agencies 
throughout the country for the following reasons: to overcome technical barriers, address safety 
concerns and develop model standards and codes, validate and demonstrate hydrogen and fuel cell 
technologies in real-world conditions, and to educate stakeholders whose acceptance of these 
technologies is expected to determine their success in the market place. Additionally, since 1989 the 
National Hydrogen Association (NHA) is the premier source for information on hydrogen 
technologies. The NHA has over 100 members including major industry, small businesses, 
government and university organizations. 

5.3.2.2 ISS for the take-off phase 

In this sub section a description is given of the main characteristics of the ISS for the take-off phase in 
California (ca. from 2006). A distinction is made between a) financial incentives, b) regulations, c) 
and other instruments. 

 

a) Financial incentives 

In general, the financial incentives which are implemented for the take-off phase can be characterized 
by a package of; R&D-, demonstration-, production-, and investment subsidies, many more tax 
incentives (compared to the pre-development phase), loan guarantees, extensions of the existing 
regulations, and public procurement, along with the several general stimulation measures (e.g. parking 
incentives). 
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On a federal level, the EPAct 2005 policy has granted R&D subsidies for all parts of the hydrogen 
chain with a total budget of $160 million in 2005 rising to a total budget of $250 million in 2010. 
Furthermore, on a federal level R&D subsidies are also available from FreedomCar (total budget of 
$700 million) [69]. Unfortunately, for the year 2010, the DOE’s congressional budget request for the 
2010 budget cuts funding for fuel cell technologies R&D projects by 60% to 70 million USD, 
compared to 2009. In California, R&D subsidies for hydrogen and fuel cell related R&D and 
demonstration projects are available from the EPAct 2005, but also from state level initiatives; 
Alternative Fuel development incentive (state level), Alternative Fuel and Vehicle R&D incentive 
(state level), Alternative Fuel and Advanced R&D incentive (state level), EPAct 2005 (federal level) 
and FreedomCar (state level). Some of these initiatives were implemented already in the pre-
development phase and partly overlap with the take-off phase. 
 
Furthermore, demonstration subsidies are available for H2 and FC related demonstration projects as 
well. On a federal level, these subsidies are available from EPAct 2005 and are available for [69]: 
Vehicle demonstration (at 30 dispersed locations, i.e. in California) with a project subsidy limited to 
$15 million (total budget of $200 million), but a 50% cost share for five years, 25 fuel cell transit 
buses (in 5 dispersed locations, i.e. in California) with $10 million  per year (2006-2010), and finally, 
Fuel Cell School bus demonstration with a non-federal share of 20% infrastructure and 50% of the 
vehicles (total budget $25 million for 2006-2009). Additionally, on a state level demonstration 
subsidies are available from the Alternative Fuel and Advanced Technology Research and 
Development incentive provided by the state of California, and some additional local funds from 
several municipalities for initiating AFV demonstration projects.  
 

Production subsidies are available from: Alternative Fuel Development Incentive (state level). And, 
investment subsidies in California are available from: Alternative Fuel Development Incentive (state 
level), Advanced Technology Vehicle Manufacturing Incentive (federal), Renewable Energy Systems 
and Energy Efficiency Improvement grant (federal), Alternative Fuel and Vehicle R&D Incentive 
(state), Alternative Fuel Vehicle and Fuel Infrastructure grants (state level), and the Lower Emission 
School Bus grants (state). More details on these specific tax incentives can be found in appendix C. 
 
Furthermore, in the US many more tax incentives are implemented on federal and state level 
(compared to the pre-development phase) which are applicable to FCVs: accelerated depreciation, 
consume rebates, fuel duty relief, tax credits for consumers AFVs, alternative fuel tax exemptions, fuel 
excise tax credits, fuel infrastructure tax credits, fuel mixture tax credits, fuel cell motor vehicle tax 
credits, qualified alternative fuel motored vehicle tax credit, license tax fee exemption, EPAct 2005. 
And finally, in several states in the US and in the state of California low interest loans and loan 
guarantees are available for R&D and demonstration projects for hydrogen and fuel cell projects. 
Loans are available from: Improved Energy Technology loans (federal), Renewable Energy System 
and Energy Efficiency improvement grant (federal), and Alternative Fuel and Vehicle R&D incentive.  
 

b) Regulations  

In the take-off phase the same regulations are still implemented as in the pre-development phase; ZEV 
mandate, GHG emission standards, and on a federal level we have the CAFE standards. The biggest 
difference can be found in the increasing percentages. An additional regulation has been implemented 
in the state of California; public procurement for local and state agencies. The main reason for this is 
to encourage purchasing of energy efficient vehicles (passenger cars or light-duty trucks) by means of 
a vehicle procurement contract for local and state agencies. Requirement may be up to 75% of fleet. 
This regulation is part of the “Alternative Fuel and Advanced Vehicle Procurement Requirements” 
regulation implemented in the state of California.  
 

c) Other support measures 

In the take-off phase most of the other support measures implemented in the pre-development phase 
are not expired yet and this still active in the take-off phase. Additional other support measures which 
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are implemented for in the take-off phase are additional parking incentives (local), several discounts 
(e.g. insurance), and license fee reductions. The work that has been performed in the area of hydrogen 
and fuel cell standards, codes, safety and permitting is further extended in the take-off phase. 
Furthermore, the CaFCP, the NHA, and DOE still play an active role. 

 

Conclusion 

The institutional support mechanisms in the US California (financial incentives, regulations, and other 
support measures) consist out of a collection of different institutional support measures which are 
implemented for the pre-development- and take-off phase. Each of these individual institutional 
support measures has its own specific characteristics. It can be concluded that the ISS for the take-off 
phase is an extension of the ISS of the pre-development phase. More R&D-, investment-, 
demonstration-, and production subsidies are available from an increasing amount of federal 
incentives, state initiatives and development programs. Many more tax incentives are implemented in 
the take-off phase (e.g. Infrastructure tax credits, etc.), regulations become stricter (increasing 
percentages, etc.), and an increasing amount of other support measures are implemented (e.g. parking 
incentives, discounts) in order to increase the attractiveness of using alternative fuelled vehicles (e.g. 
FCV). Furthermore, the CaFCP plays an increasingly important role, for instance, with regard to 
initiating hydrogen and fuel cell R&D and demonstration projects. Table 12 sums up the main 
characteristics of the implemented institutional support measures for the pre-development- and take-
off phase, according to the different types of institutional support measures as explained in section 3.2. 
 
Table 12: Characteristics of the implemented support measures US 

 
Category 

Support  
measure 

 
 

Technology 
specific 

 

 
 

Generic 

 
 

Investment 
focused 

 
 

Productio
n focused 

 
 

Supply-
oriented 

 
 

Demand-
oriented 

 
 

Price-
driven 

 
 

Quantity 
driven 

 
ISS Pre –Development phase 

 

R&D subsidies - √ √ - √ - √ - 

Demonstration 
subsidies 

- √ √ - √ - √ - 

Investment subsidies - √ √ - √ - √ - 

Production subsidies - √ - √ √ - √ - 

Consumer rebates - √ - - - √ √ - 

Accelerated 
depreciation 

- √ √ - √ - √ - 

Several tax credits - √ - - - √ √ - 

ZEV Mandate - √ - √ √ - - √ 

Fuel duty relief √ - - - - √ √ - 

GHG emission 
standards 

- √ - - √ - - √ 

HOV lane exemption - √ - - - √ √ - 

CAFÉ Standards - √ - √ √ - - √ 

Parking incentives - √ -  - √ √ - 

License tax fee 
exemption 

- √ - - - √ √ - 

Hydrogen permitting 
guide 

√ - - - √ - - - 

HRS guideline √ - - - √ - - - 

Hydrogen  and fuel 
cell standard/codes 
and regulation matrix 

√ - - √ √ - - - 

Several safety 
handbooks 

√ - - - √ - - - 
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Launching 
CAFCP/CAH2Ne 

√ - √ - √ √ - - 

Hydrogen permitting 
website 

√ - - - √ - - - 

Launching NHA √ - - - √ √ - - 

DOE Nation H2 
program/stimulation 
programmes 

√ - √ - √ √ - - 

 
ISS Take-off phase 

 

R&D subsidies - √ √ - √ - √ - 

Demonstration 
subsidies 

- √ √ - √ - √ - 

Investment subsidies - √ √ - √ - √ - 

Production subsidies - √ - √ √ - √ - 

Consumer rebates - √ - - - √ √ - 

Accelerated 
depreciation 

- √ √ - √ - √ - 

Many more tax 
credits 

- √ - - - √ √ - 

ZEV Mandate 
(extended) 

- √ - √ √ - - √ 

Fuel duty relief √ - - - - √ √ - 

GHG emission 
standards (extended) 

- √ - - √ - - √ 

HOV lane exemption - √ - - - √ √ - 

CAFÉ Standards - √ - √ √ - - √ 

Parking incentives - √ -  - √ √ - 

License tax fee 
exemption 

- √ - - - √ √ - 

Hydrogen permitting 
guide 

√ - - - √ - - - 

HRS guideline √ - - - √ - - - 

Hydrogen  and fuel 
cell standard/codes 
and regulation matrix 

√ - - √ √ - - - 

Several safety 
handbooks 

√ - - - √ - - - 

Launching 
CAFCP/CAH2Ne 

√ - √ - √ √ - - 

Hydrogen permitting 
website 

√ - - - √ - - - 

Launching NHA √ - - - √ √ - - 

DOE Nation H2 
program/stimulation 
programmes 

√ - √ - √ √ - - 

Public procurement - √ - √ - √ - √ 

Hotel discounts - √ - - - √ √ - 

Insurance discounts - √ - - - √ √ - 

 
As for the state of California there are no financial incentives, regulations or other support measures 
planned for implementation on a short notice. However, the Californian Energy Commission proposed 
an investment plan for the alternative and renewable fuel and vehicle technology program. The 
Investment Plan for the Assembly Bill 118 (Núñez, Chapter 750, Statutes of 2007), Alternative and 
Renewable Fuel and Vehicle Technology Program serves as the guidance document for the allocation 
of program funding and is prepared annually based on input and  advice of the AB 118 Advisory 
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Committee [97]. This document is still not adopted by the state of California, but will possibly be 
implemented in the near future. However, due to the financial crisis the state of California is almost 
bankrupt and currently not in the position to make large investments. This document is not strongly 
hydrogen technology specific, but it is investment focused. 

As in the corridor case, stakeholders’ experiences and preferences for institutional support measures 
for the acceleration- and stabilization phase can be taken into account, and as can be seen they partly 
overlap the preferences and propositions from the Corridor case. These proposed support measures 
are partly based on experiences and views of policy- and research experts at SenterNovem and ECN, 
the CAFCP and DOE [72, 73, 74, 77, 78], and partly on stakeholders who want to bring hydrogen 
technology to the market [28, 30, 70, 71]. Important to notice, the proposed institutional support 
measures are not (yet) part of the current institutional support scheme for hydrogen in the US, and 
therefore not examined in relation to the table of requirements. A distinction is made between a) 
financial incentives, b) regulations and c) other instruments. 

a) Financial incentives 

Based on the views of stakeholders it can be concluded that additional tax incentives are proposed for 
the acceleration phase [28, 30]. These additional tax incentives are able to push the technology further 
(section 3.2). In other words, stakeholders plead for a continued application of the tax incentives from 
the take-off phase. As an additional tax incentive they propose the implementation of consumer tax 
credits in the acceleration phase. As the investment in development leads to vehicles that approach 
affordability, the government spending will need to shift from assisting a limited number of 
developers to creating incentives for large numbers of consumers through vehicle tax credits and fuel 
tax credits [28]. Furthermore, for the acceleration phase zero/low interest loans and loan guarantees 
are proposed [30]. For the stabilization phase, stakeholders propose to implement environmental taxes, 
consumer rebates and emission trading schemes as more general support measures.  
 

b) Regulations 

For the acceleration and stabilization phase stakeholders propose to further expand the public and 
private procurement support measures (e.g. ZEV mandate). Secondly, stakeholders propose for the 
acceleration phase a modification of the CAFE standards [70, 71] (C). 
.  

c) Other support measures 

For the acceleration phase stakeholders propose to implement tender procedures as an effective 
support measure for the development of hydrogen and fuel cells in the stabilization phase. 
Additionally, for the take-off and acceleration phase, stakeholders propose to implement some general 
support measures for AFVs [28, 30]. From a marketing point of view it is very important for hydrogen 
to have in place some general stimulating measures which increase the attractiveness of hydrogen as 
transport fuel. Stakeholders believe, these stimulating measures will further increase the attractiveness 
of hydrogen and thereby putting more pressure on the current regime. The idea behind this is the fact 
that the user will value these advantages, and this will stimulate demand for hydrogen cars. Examples 
of stimulation policy measures are [30]: limited city centre access for conventional vehicles (e.g. at 
specific hours of the day). Hydrogen vehicles are exempted, free parking for hydrogen vehicles or 
specific parking places for hydrogen vehicles closer to entrances of buildings, shops, etc., allowance 
for hydrogen vehicles to use public transport lanes, free use of public transport when making use of 
P+R, fleets using hydrogen can also deliver their goods in busy city centers during the day, and/or 
extending permits for bus/taxi/service companies when making use of hydrogen vehicles. 

5.3.3 Institutional support scheme UK case 

Table 13 (page 59-60) describes the characteristics of the institutional support scheme for hydrogen in 
the UK. With regard to the institutional support scheme it can be observed that the development of 
hydrogen and fuel cells is supported through a small number of institutional support measures which 
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are already implemented for the pre-development phase. A distinction is made between a) financial 
incentives, b) regulations, and c) other instruments. 

 

a) Financial incentives 

In the UK several financial support measures are implemented to support hydrogen and fuel cell R&D 
and demonstration projects [53]. In the first place, initiators of hydrogen and fuel cell related projects 
can apply for R&D and demonstration subsidies at EU-, national-, and local- level. Secondly, several 
tax incentives and Enhanced Capital Allowances (expired in 2008) are implemented in the pre-
development phase. In the UK initiators of hydrogen research and demonstration projects can also 
apply for EU-funded R&D projects from the framework programmes and in upcoming years also from 
JTI funds. On a national scale, in 2005, the government published “A strategic framework for 
hydrogen energy activity in the UK” in which more details are provided on the funds available for 
R&D and demonstration subsidies [79, 100]: 
 

• The department for Trade and Industry supports industrial collaborative R&D for fuel cell and 
hydrogen technologies through its technology program.  The program seeks to advance 
Hydrogen and fuel cell technologies for both stationary and transport applications. The support 
amounts approximately 2-3 million pounds a year  

• The engineering and Physical Sciences Research Council (EPSRC), including through the 
SUPERGEN initiative, supports basic research in universities on both fuel cells and hydrogen. 
SUPERGEN supports the UK Sustainable Hydrogen Energy Consortium (UK SHEC) which has 
received funding of 2.5 million pounds. Research is conducted on hydrogen storage, production 
and socio-economic aspects of a hydrogen economy  

• EPSRC supports the Fuel cell SUPERGEN consortia. This is a four year program which started 
in 2005. The program is supported with funding of approximately 2 million pounds 

• In addition to SUPERGEN EPSRC has awarded 1 million pounds to investigate the potential 
role of formic acid as a chemical method for the storage of hydrogen. EPSRC has also awarded 
500000 pounds to three projects on fundamental science relevant to hydrogen technologies 

• The UK government has provided funding over 450000 pounds for the trial of three hydrogen-
powered fuel cell buses in London (CUTE), and 6.5 million pounds of funding has been 
provided for the fuel cell and low carbon vehicle technology centre of excellence (CENEX) 

• In 2007 the Secretary of State for Trade and Industry announced 1.5 million in funding for East 
of England hydrogen fuel cell technology research  

• Government and private sector investment in the UK has been limited so far. The UK 
government launched the Advanced Cells Program in 1992. The UK DTI has been supporting 
industrial research on fuel cells since 1992 under its Advanced Fuel Cell Program.  

• The focus of the program has changed from supporting studies designed to inform the DTI and 
the industry regarding the prospects for fuel cells to work supporting the development of UK 
capabilities. Since its inception the program has supported a total of 156 projects involving a 
total DTI expenditure of £12.4 million. Currently, the program is being funded at about £2 
million per year 

• A yearly 700000 pounds (available from DTI) for EST Refueling and recharging infrastructure 
programme for increasing infrastructure of alternative fuel refueling stations.  

• DTI Hydrogen Fuel Cells and Carbon Abatement technologies programme. It is a programme 
aimed at helping to achieve cost competitive reductions in carbon emissions, by supporting 
demonstration of new low carbon energy technologies. The program is due to run for four years. 
15 million pounds of the 50 million pounds is dedicated to hydrogen development. 
 

It has been acknowledged by the UK government that funding for energy innovation in the UK is too 
low compared to other countries, and too fragmented, with too many bodies providing funds, and a 
range of different advisory groups [54]. The Energy Research Partnership (ERP), a public-private 
partnership between the key funders of energy research, demonstration, development, and deployment 
in the government, industry and academia has identified that a few changes will have to take place.
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Institutional support scheme London case 
 

Transition phase Category (Implemented) institutional support measures, section 
5.3.2.1 

Institutional support measures 
(planned for implementation) 

Institutional support measures (proposed by 
stakeholders), section 5.3.2.3 

Subsidies: 

• R&D subsidies (EU and national level) [54, 79, 

100] 

• Demonstration subsidies (EU and national 

level) [54, 79, 100] 

 Subsidies: 

• Investment subsidies [28, 30] 

Tax incentives: 

• Variable Vehicle Excise Duty (VED) [72, 85, 101, 

102, 103]  

• Congestion Charge exemption [72, 85, 101, 

102, 103] 

• London Low Emission Zone (LEZ) [72, 85, 101, 

102, 103] 

• Fuel duty exemption [72, 85, 101, 102, 103] 

Financial 
incentives 

• Enhanced Capital Allowances (ECAs, expired 

March 2008) [72, 85, 101, 102, 103] 

  

Regulations    

1. Pre-development 
phase (-2010) 

Other • Launch of HySafer [53, 54] 

• Launch of LHP, LCVP(2002) [53, 54] 

• Launch of ERP and ETI [54] 

• Launch of UKHA [53, 54, 103] 

• Tender procedures [53, 54, 103] 

 • Enlighten administrative burden 

application procedures [28, 30] 

• Increase flexibility in funds [28, 30] 

• Increase transparency tender dates 

[28, 30] 

Subsidies: 

• R&D subsidies (EU and national level) [54, 79, 

100] 

• Demonstration subsidies (EU and national 

level) [54, 79, 100] 

 Subsidies: 

• Production subsidies [28, 30] 

• Investment subsidies [28, 30] 

 

2. Take off phase 
(2010-2020) 

Financial 
incentives 

Tax incentives: 

• Congestion charge exemption [72, 85, 101, 

102, 103]  

• London low emission zone exemption [72, 85, 

101, 102, 103]  

• Variable VED [72, 85, 101, 102, 103]  

• Fuel duty exemption [85] 

 Tax incentives: 

• VAT reductions FCV [28, 30] 

Table 13: Institutional support scheme UK case 
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Regulations    

Other • HySafer [53, 54] 

• LHP and LCVP (2002) [53, 54] 

• UKHA [53, 54, 103] 

• Tender procedures [53, 54] 

• ETI and ERP 

 • Limited city center access exemption 

[28, 30] 

• Free parking or preferred parking 

closer to buildings/shops [28, 30] 

• Allowance to use public transport lanes 

• Free use of public transport when using 

P+R [28, 30] 

• Extending permits of bus operators 

using hydrogen buses [28, 30] 

Subsidies: 

• Production subsidies [28, 30] 

• Investment subsidies [28, 30] 

Financial 
incentives 

  

• Zero/low interest loans [28, 30] 

Regulations    

3. Acceleration phase 
(2020-2030) 

Other   • Limited city center access exemption 

• Free parking or preferred parking 

closer to buildings/shops 

• Allowance to use public transport lanes 

• Free use of public transport when using 

P+R 

• Extending permits of bus operators 

using hydrogen buses 

Financial 
incentives 

  • Environmental taxes [28, 30] 

• Consumer rebates [28, 30] 

• Emission trading schemes [28, 30] 

Regulations   •  

4. Stabilization phase 
(2040/2050) 

Other   • Public/private procurement [28, 30] 

• Obligation quotes [28, 30] 
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In order to provide a new level of focus to the development of low carbon energy technologies the new 
Energy Technologies Institute (ETI) was launched. The key aim of the ETI is to accelerate the 
development of secure, reliable and cost-effective low carbon energy technologies towards 
commercial deployment. The ETI is operational since 2008 and funds are available somewhere in the 
region of 100 million pounds per year. 50% of the funding will be provided by the department for 
business Enterprise and Regulatory Reform, with the remaining 50% provided by the industry 
partners, which includes BP, Shell, etc. The total funds will be equal to 500 million pounds over the 
next decade with the DfT (5 million a year) 
 
In the UK the following taxes (apart from VAT) will have to be paid when purchasing a new car [64]: 
vehicle registration charge (approximately 48 euro’s), and vehicle excise duty (road tax). In order to 
support the roll out of FCV in the UK, four different tax incentives implemented [85, 101, 102]. In the 
first place in the London area FCVs are exempted from congestion charge. Certain vehicles which 
drive within a clearly defined zone of central London during its hours of operation have to pay a daily 
congestion charge. The charge aims to reduce traffic congestion and improve journey times by 
encouraging people to choose other forms of transport if possible. Some vehicles may receive 
discounts or are exempted from congestion charge. Alternative fueled cars, for instance, are exempted 
from congestion charge. A second tax incentive is the variable excise duty. Cars registered from 
March 2001 onwards are placed into VED rate bands according to their CO2 emissions. Within each 
band, alternative fueled vehicles benefit from a small discount up to 10 pounds, while diesel cars pay a 
small supplement to compensate for the fact that diesel cars may emit higher levels of particulates and 
other local air pollutants such as NOx. In 2006 the VED got reduced for the lowest emission cars to 
zero; increased for the most polluting cars to 300 pounds in 2007 and to 400 pounds from 2008. The 
third tax incentive is the London Low Emission Zone exemption. During 2008 TfL implemented the 
first two phases of the London Low Emission Zone (LEZ). This scheme, covering the large majority 
of the Greater London area, is aimed at helping London move towards meeting national and European 
local air quality objectives for fine particulate matter (PM10) and nitrogen dioxide (NO2). The scheme 
requires operators of heavier goods vehicles and larger buses and coaches, to meet minimum 
emissions standards – based on the ‘Euro’ emissions classification. Compliance with the requirements 
of the scheme is measured through a network of number plate reading cameras, AFVs are exempted. 
The fourth tax incentive which is implemented in the UK is the fact that fuel cell vehicles are or other 
transport applications powered by hydrogen are exempted from fuel duty.  
 
The final financial incentive which was implemented in the pre-development phase in the UK was the 
Enhanced Capital Allowances (ECAs). ECAs enable businesses to claim 100% of their first year 
capital allowances for expenditure on new refueling equipment for hydrogen refueling stations. This 
support measure was expired in March 2008.  
 

a) Regulations 

In the UK and the London region there are no regulations implemented (yet) related to hydrogen and 
fuel cell technologies.  
 

b) Other support measures 

In the UK several other support measures for hydrogen are implemented [53, 54, 101, 102, 103, 104]. 
In the first place two important supporting institutions were launched; the United Kingdom Hydrogen 
Association (UKHA) and the London Hydrogen Partnership (LHP). Furthermore, the Health and 
Safety Laboratory is leading research in standard and code development for hydrogen applications in 
the UK. And finally, at the University of Ulster a research center for Hydrogen Safety is launched, 
HySafer.  HySafer also performs work as a partner in the EU-funded HySafe project. The UKHA is an 
industry association whose mission is to foster the development and use of hydrogen technologies and 
to promote the use of hydrogen as an energy carrier in the United Kingdom. The UKHA supports all 
hydrogen-energy stakeholders, including large multi-national companies, UK-based businesses and 
SMEs, research organizations and others involved in the production, storage, delivery, or use of 
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hydrogen or hydrogen technologies. A few of the Tasks the UKHA is committed to are [103]: 
facilitating development of UK policy initiatives by providing authoritative advice to government on 
hydrogen technologies, benefits to the UK, industry viewpoint and proposed actions, UKHA aims at 
giving guidance on research and deployment priorities, sharing up-to-date information and facilitating 
knowledge transfer about hydrogen energy technologies, including; technical data, case studies, 
information on past and existing demonstrations, safety information such as recommended practices, 
standards, and regulations that apply to hydrogen energy systems, and information on the social and 
economic factors associated with hydrogen energy in the UK.  

 
A second supportive institution is the LHP. A description of the main goals of the London Hydrogen 
Partnership can be found in the previous section. The LHP works with a yearly budget of 
approximately 300000 euro’s. Approximately 50% of this yearly budget is coming from Greater 
London Area (GLA). The additional 50% is coming from the members of the steering group 
(approximately 8000-10000 per member). For the Transport Action Plan, presented above, a project 
budget of 30 million euro’s has been calculated for a period of 5 years. Funding should become 
available from Transport for London (TfL) for approximately 86% added with the additional 14% 
from DTI. Important to note is the fact that the LHP uses tender procedures for project proposals. 
 
As for the development of standards and codes, the UK has a complete absence of hydrogen specific 
standards & codes. However, as already mentioned the development of hydrogen specific standards 
and codes could prove an important mechanism for promoting hydrogen in the future. However, at this 
early stage of hydrogen development, it seems that the complete lack of hydrogen specific standards 
and codes is not seen as much of a barrier [54]. However, what is acknowledged by the UK 
government is the fact that for the commercial use of hydrogen infrastructure and vehicles, the 
necessary support regulations will need to be in place. A lot of work is being done internationally (e.g. 
HyApproval) to develop and harmonize codes and standards in the hope of minimizing possible 
barriers. 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 [104]. Currently, 
hydrogen refueling stations will have to comply with same UK health and safety and land use planning 
regulations as do petrol stations. Furthermore, the requirements of the current regulatory framework 
for petrol refueling stations in the UK are considered to be adequate for ensuring the safe operation of 
public hydrogen refueling stations and its supporting infrastructure. There are however gaps in the 
available codes, guidance and standards that is required to assess the hazards and risks arising from 
hydrogen refueling stations. Areas of particular concern are a proper understanding of the 
consequences of an accidental release of hydrogen, the specification of separation distances applicable 
to hydrogen refueling stations, material compatibility with hydrogen and approval procedures for 
hydrogen refueling stations. Research, code and standard development activities are being actively 
pursued in all four areas at the moment [105]. However, no concrete plans or update documents are 
available yet regarding standard & code development. As for permitting, there are currently no 
permitting guidelines for HRSs or whatsoever implemented in the UK. In other words, there are 
currently no licensing requirements in the UK for hydrogen refueling stations, nor any regulations 
specifically aimed at these stations [54]. The UK government does acknowledge their concerns around 
permitting procedures for HRSs. A decision still needs to be made on whether a licensing regime, as is 
currently required for petrol stations, is required for hydrogen refueling stations as well. If it is 
considered that the existing regulatory framework scheme ensures safe operation of refueling stations 
a new licensing scheme may not be justified and would impose an unnecessary administrative burden 
on station operators and regulators [54, 104].  
 
Furthermore, in the UK a lot of work has been performed in the area of hydrogen safety by the 
research centre for hydrogen safety, HySafer, as can be seen on its website. The centre was established 
as a reflection of changes in research priorities worldwide, in particular the importance of fire and 
explosion safety of the emerging hydrogen technologies such as fuel cells and hydrogen-fuelled 
vehicles and infrastructure. HySAFER group has achieved international recognition since 2004 based 
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on its accidental combustion research, further reinforced by being accepted as a partner in the 
prestigious European Network of Excellence HySafe "Safety of Hydrogen as an Energy Carrier". In 
2006, building on HySafes consortium networking, the Hydrogen Safety Programme at UU was 
boosted by three major European projects and in two of them UU is the coordinator. HySafer centre of 
the University of Ulster is currently one of the key players in the hydrogen related research with CEC 
FP6-funded budget of €1.7M of the total €300 in Europe's FP6. HySafer will endeavor to be an 
international outstanding centre in hydrogen safety and has the following objectives: providing high 
quality fundamental research and contribute to closing knowledge gaps in hydrogen safety, perform 
industry-driven research and contribute to relevant regulations, codes and standards regarding 
hydrogen safety, initiate and participate in national and international research collaboration, stimulate 
innovation and technology transfer for safe introduction of hydrogen technologies. HySafer is 
collaborating with many universities, research institutes and industrial partners worldwide.  
 
Conclusion 

The institutional support mechanisms in the UK (financial incentives and other support measures) 
consist out of a collection of different institutional support measures which are implemented for the 
pre-development- and take-off phase. Each of these individual institutional support measures has its 
own specific characteristics. Table 13 sums up these main characteristics according to the different 
types of institutional support measures as explained in section 3.2. 
 
Table 14: Main characteristics of implemented support measures UK 

 
Category 

Support  
measure 

 
 

Technology 
specific 

 
 

Generic 

 
 

Investment 
focused 

 
 

Production 
focused 

 

 
 

Supply-
oriented 

 
 

Demand-
oriented 

 
 

Price-
driven 

 
 

Quantity 
driven 

R&D subsidies - √ √ - √ - - - 

Demonstration 
subsidies 

- √ √ - √ - - - 

Variable Vehicle 
excise duty 

- √  - - √ √ - 

Congestion charge 
exemption 

- √ - - - √ √ - 

London Low Emission 
zone 

- √ - - - √ √ - 

Fuel duty exemption - √ - - - √ √ - 

ECAs - √ √ - √ - √ - 

Tender procedures √ - - √ - √ - √ 

Launch UKHA √ - - - √ √ - - 

Launch LHP and LCVP √ - √ - √ √ - - 

Launch HySafer √ - - - √ - - - 

Launch ETI and ERP - √ √  √    

 
Again, stakeholders’ experiences and preferences for certain institutional support should be taken into 
account as well, and therefore, some of the preferences and recommendations by stakeholders for 
future institutional support are collected and described below. The proposed support measures are 
partly based on experiences and views of policy- and research experts at SenterNovem and ECN [72, 
73, 74], and partly on stakeholders who want to bring hydrogen technology to the market [21, 28, 30]. 
The proposed institutional support measures are not (yet) part of the current institutional support 
scheme for hydrogen in the UK. For the support scheme a distinction is made between a) financial 
incentives, b) regulations and c) other instruments. 

 

a) Financial incentives 

Government support for hydrogen and fuel cell demonstration is absolutely necessary as mentioned by 
the stakeholders [21, 28, 30]. Because of the high initial costs the stakeholders plead for the 
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implementation of investment subsidies as soon as possible (pre-development-, take-off-, and 
acceleration phase) to overcome the high initial costs. Furthermore, stakeholders plead for production 
subsidies, zero/low interest loans and additional tax incentives in the take-off and acceleration phase. 
Preferences and views for the stabilization phase can be characterized by more general financial 
support measures such as: environmental taxes and consumer rebates, and emission trading schemes.  
 

b) Regulations 

In the UK there is a strong lack of regulations, standards & codes for hydrogen and fuel cell 
technologies. For the UK it is important to develop a framework which is harmonized with the 
international developments in the field of safety, regulations, standards & codes. As in the corridor 
case, an important starting point may be the Handbook of Approval for Hydrogen Refueling Stations 
from the HyApproval project. Additionally, currently the Health and Safety Laboratory is leading 
research in the area of standard, code and regulations development for hydrogen and hydrogen 
applications in the UK, and is also undertaking a research project on this topic as part of the DfT 
Horizons Programme [104].  
 

c) Other support measures 

The other institutional support measures proposed by stakeholders for the pre-development phase are 
mostly aimed at reducing the administrative burden and inflexibility in budgets for projects and project 
proposals [28, 30]. For the take-off and acceleration phase the other proposed measures are mostly 
directed towards increasing the attractiveness of hydrogen as a transport fuel and up-scaling of the 
technology. Furthermore, for the acceleration phase also public procurement and tender procedures are 
mentioned as useful supportive measures, and for the stabilization phase public/private procurement 
and obligation quotes are proposed.  

5.4 Measuring the institutional thickness  

The institutional thickness of a country has four constitutive features (dimensions): a strong local 
institutional presence, high levels of interaction between the organizations, a mutual awareness of 
being involved in a common enterprise, and structures of domination and/or patterns of coalition. In 
table 2 the dimensions of the institutional thickness are operationalized in quantitative and qualitative 
indicators. This section describes a measurement of the institutional thickness of the corridor case, the 
US case and the UK case. The first of the four characteristics that defines the multi-dimensional 
institutional thickness is a strong institutional presence. This institutional presence is measured 
through five indicators: density, commitment, ownership, spatial scale, and accountability status.  
In order to measure these five indicators for the corridor the hydrogen and fuel cells – ‘who is who’ 
guide [81] is used. For the US case documents from the CAFCP website, an interactive map of 
hydrogen and fuel cell organizations on the fuel cells 2000 website, the California hydrogen and Fuel 
Cell guide [106, 107], and personal communication with a technology analyst inside the CaFCP are 
used [77, 78]. And finally, for the UK case, the UK Fuel Cell development and deployment roadmap 
[108], the UK hydrogen and fuel cell industry capabilities guide [109], and the website of the London 
Hydrogen partnership are used, along with some personal communication with policy experts within 
SenterNovem and at the Task Definition Workshop [72, 73] . In table 15, 16 and 17 the results from 
the measurement of the first dimension of institutional thickness for each of the three case studies are 
presented. 
 
Table 15: Measurement of the institutional presence corridor  

Dimension Indicators Measurement level Measurement  

Density Number of organizations involved Ca. 100 organizations 

Commitment Percentage of their budgets dedicated 

to H2 and fuel cell development 

Partial: 80 % 

Exclusive: 20% 

Strong institutional presence 

Spatial scale Focus of activities and interests* City: 0%  

Regional: 6%  

National: 83% 
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Ownership Type of organization involved Public: 4% 

Private: 92% 

Public-Private: 4%  

Accountability  Accountability status of organization 

involved 

Local: 3% 

Localist: 97% 

*The percentages do not add up to 100% because this feature is not applicable to all organizations 

 
Table 16: measurement of the institutional presence in the state of California  

Dimension Indicators Measurement level Measurement  

Density Number of organizations involved Federal, >1000 organizations 

State, Ca.200 organizations 

Commitment Percentage of their budgets dedicated 

to H2 and fuel cell development 

Partial: 85 % 

Exclusive: 15% 

Spatial scale Focus of activities and interests City: 15%  

Regional: 65%  

National: 20% 

Ownership Type of organization involved Public: 13% 

Private: 77% 

Public-Private: 10%  

Strong institutional 
presence 

Accountability  Accountability status of organization 

involved 

Local: 10 % 

Localist: 90 % 

*The percentages do not add up to 100% because this feature is not applicable to all organizations 
 
Table 17: Measurement of institutional presence UK case 

Dimension Indicators Measurement level Measurement  

Density Number of organizations involved Ca. 120 organizations 

Commitment Percentage of their budgets dedicated 

to H2 and fuel cell development 

Partial: 90 % 

Exclusive: 10% 

Spatial scale Focus of activities and interests* City: 0% 

Regional: 15%  

National: 65% 

Ownership Type of organization involved Public: 4% 

Private: 93% 

Public-Private: 3%  

Strong institutional presence 

Accountability  Accountability status of organization 

involved 

Local: 15% 

Localist: 85% 

*The percentages do not add up to 100% because this feature is not applicable to all organizations 

 
The second of the four characteristics that defines the institutional thickness of the corridor is the level 
of mutual interaction. The level of mutual interaction describes the relationships between the 
organizations involved and their attitude towards formal and informal contacts. This second dimension 
is measured through four indicators; the number of formal partnerships, the intensity of other forms of 
collaboration, the themes or issues for which the collaboration takes place, and the lengths of time they 
have been in operation.  
 
In the first place, no formal hydrogen & fuel cell partnerships have been launched (yet) in the 
corridor. However, other forms of collaboration do take place in the field of hydrogen and fuel cells. 
For instance, in 2002 the Dutch Hydrogen Association (NWV) was set up. The NWV has five working 
objectives; informing the public sector about the status of hydrogen and fuel cell technologies, 
gathering knowledge and expertise in the field of hydrogen and fuel cell technology in the 
Netherlands, stimulating collaboration between industry, academia, developers, small- and medium 
sized enterprises, and knowledge institutes, developing a strategic vision for the role of hydrogen in 
the Dutch energy household, promoting education, and participating in international networks. 
Furthermore, in November 2008 the Dutch Hydrogen Coalition (DutchHy) has been launched. 
DutchHy functions as a platform and will include private companies, knowledge institutes, and 
governments, working together towards the large-scale application of hydrogen. The coalition aims at 
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making an important contribution to national policy objectives with respect to the climate, air quality, 
energy supplies and innovation. Additionally, the city of Arnhem offers an environment that is well 
suited to manufacturing and demonstrating hydrogen and fuel cell applications. A cluster of some 12 
businesses and institutions already exists and has organized itself in the Arnhem Hydrogen Network. 
The municipality of Arnhem hosts the network and stimulates its activities by actively promoting the 
industry, by taking up regulatory and safety issues and by co-funding activities that support the 
ambitions of the Arnhem Hydrogen Network. The Arnhem Hydrogen Network consists of 12 partners 
from industry, government and knowledge institutions, e.g. NedStack, HyGear, Silent Motor 
Company, KEMA, HAN and Hydrogen Network Enterprise as an industrial agent for the hydrogen 
equipment industry [60]. Furthermore, in the field of hydrogen- and fuel cell research some knowledge 
areas and research groups are spread out over various locations. Sometimes, these groups are 
collaborating in order to seek for synergies between their research fields. Finally, many organizations 
in the Netherlands (e.g. industry, government, and research institutes) are participating in international 
projects (e.g. HySafe, NaturalHy, HyWays). These forms of collaborations are also relevant for the 
Corridor to gain knowledge and develop expertise in the field of hydrogen and fuel cell related issues 
(e.g. safety, standards & codes). Finally, in the Rotterdam-Rijnmond area the Rotterdam Climate 
Initiative was launched (2006) in which the municipality of Rotterdam, the Port of Rotterdam, DCMR 
Milieudienst Rotterdam and Deltalinqs work closely together in order to share their ideas. Large gas 
companies like BP, Linde, Air Products and Shell are involved in the initiative. 
 
The US case provides a different picture. In the state of California two partnerships have been 
established in the field of hydrogen and fuel cells; the California Fuel Cell Partnership (CAFCP) and 
the Hydrogen Highway Partnership (CAH2Net). In January 1999, two state government agencies—
California Air Resources Board and California Energy Commission joined with six private sector 
companies—Ballard Power Systems, DaimlerChrysler, Ford Motor Company, BP, Shell Hydrogen 
and ChevronTexaco—to form the California Fuel Cell Partnership (CAFCP). The CAFCP has in 2008 
21 fulltime and 13 part time members. The fulltime members are companies from the car 
manufacturing, gas- and oil industry, the electricity industry, on a state level the Departments of Air 
Quality and Energy, on federal level the Departments of Energy, Transport and environmental safety. 
The goal was to demonstrate and promote the potential for fuel cell vehicles as a clean, safe, and 
practical alternative to vehicles powered by internal combustion engines. Within a very short time, 
other government agencies and private businesses became members. A few of the activities that the 
CAFCP is performing are [96]: technical and juristic support for building and demonstrating FCVs 
and fuel stations, stimulating the development of practical codes and standards, also for the operation 
of fuel  stations, preparing early adopter communities, and coordination with other FCV 
demonstration programs worldwide. The CAFCP can be characterized by a public-private initiative 
with strong involvement of industrial companies (e.g. car manufacturers and energy companies). 
Furthermore, the members of the partnership are also contributing financially to the partnership 
($80000 yearly), which enables the partnership to have a yearly budget of 2M $. The CAFCP is 
strongly focused on the realization of a significant number of mobile applications of hydrogen and fuel 
cell vehicles. The CAFCP formulates clear quantitative goals with regard to the roll out of FCVs, 
FCBs, and HRSs up to 2017. The partnership is strongly supported by an independent project 
management bureau. Furthermore, In California the CaH2Net is launched in 2005. CAH2Net is a 
public-private partnership directed by the California Air Resources Board (ARB), using the California 
Hydrogen Highway Blueprint Plan as its guiding document [110]. The mission of the CaH2Net is to 
support and catalyze a rapid transition to a clean, hydrogen transportation economy in California in 
order to: reduce the dependence on foreign oil, reduce GHG emissions, improve air quality, and 
stimulate the California economy. The "Vision 2010" for California's Hydrogen Highways is to ensure 
that by the end of the decade every Californian has access to hydrogen fuel along the State's major 
highways, with a significant and increasing percentage of that hydrogen produced from clean, 
renewable sources. Furthermore, in the state of California 9 University research groups are performing 
research in hydrogen and fuel cell related issues and working together on the occasion. 
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In the UK two hydrogen and fuel cells partnerships are established in the last decade; the Low Carbon 
Vehicle Partnership and the London Hydrogen Partnership. The low Carbon Vehicle Partnership 
(LCVP) is an action and advisory group, established in 2003, to take a lead in accelerating the shift to 
low carbon vehicles (e.g. FCVs) and fuels in the UK and to ensure that UK business can benefit from 
that shift. The LCVP is a partnership of over 300 organizations from the automotive and fuel 
industries, the environmental sector, government, academia, road user groups and other organizations. 
The partnership provides input and advice for government policy, it provides a forum for stakeholders, 
and it contributes to the achievement of UK government targets for road transport carbon reduction. 
The London Hydrogen Partnership was established in 2002. The partnerships’ principle objective is to 
work towards the establishment of a hydrogen economy for London and the UK.  The LHP aims to 
establish and maintain dialogue among all sectors/actors relevant to the hydrogen economy, prepare 
and disseminate relevant materials, develop the London Hydrogen action Plan as a route map for clean 
energy, and provide a platform for funding and initiation of demonstration projects. The partnership 
now consists of an Executive committee, a secretariat, several working groups, numerous associate 
members and a partnership committee. One other partnership which has been launched is the Energy 
Research Partnership, a public-private partnership between the key funders of energy research, 
demonstration, development, and deployment in the government, industry and academia. Furthermore, 
the institutional landscape in the UK can be characterized by other forms of collaboration as well. For 
instance, the Energy Technologies Institute, a joint-collaboration. The key aim of the ETI is to 
accelerate the development of secure, reliable and cost-effective low carbon energy technologies 
towards commercial deployment. Furthermore, the UK has over 35 academic and contract research 
groups highly active in fuel cells and hydrogen research. This UK academic base exhibits a high 
degree of collaboration, and there exist strong links with Germany, the USA, Canada, Japan and 
China. Most of the academic institutions work closely with industry and several fuel cell companies 
have originated from academic research activities. Additionally, in the UK the UK Hydrogen Energy 
Network (H2NET) was established in 2000. H2NET is a joint collaboration between industry and 
academia interested in the development of hydrogen as an energy carrier. Additionally, Fuel cells UK 
was established. Its role includes: raising the profile of the industry both in the UK and overseas, 
acting as a central liaison point for national and international contact, catalyzing partnering 
opportunities between the UK and overseas organizations, and improving the fuel cell position of the 
UK in the international arena. Furthermore, the United Kingdom Hydrogen Association (UKHA) was 
founded in order to span sector boundaries and to provide a strong national voice on hydrogen energy. 
The main reasons for establishing this collaborative effort was to; give guidance on research and 
deployment activities, share knowledge and provide up to date information, influence government and 
company policies in the UK to support hydrogen energy R&D, and to influence the policies of public 
and private sector organizations to support hydrogen energy deployment in the UK. And finally, 
HySafer centre of the University of Ulster is currently one of the key players in the hydrogen safety 
related research. HySafer is collaborating with many universities, research institutes and industrial 
partners worldwide. 
 
The third characteristic that defines the institutional thickness of the corridor is the mutual awareness 
of being involved in a common enterprise. The mutual awareness can be identified through the 
existence of a clear and shared national identity and clear and shared national priorities.  
 
In the first place, in the Netherlands and in the rest of Europe several initiatives are launched which 
aim for the enhancement of the transition to large scale use of hydrogen as a transport fuel. A shared 
vision by many stakeholders is the fact that the USA and Japan are way ahead compared to Europe. 
Nevertheless, internationally the Netherlands is seen as a key player in research and development in 
the field of hydrogen and fuel cell technologies, as can be seen in the comparative analysis towards 
patents, expenditures in national programmes and the participation of Dutch parties in the most 
relevant European research programmes [111]. Furthermore, the Netherlands is seen as one of the 
most important natural gas countries in the world. In the Netherlands a unique natural gas grid is 
located and in the Rijnmond area many petrochemical activities are taking place with one of the 
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largest harbors in the world located nearby. The industrial sector of the Netherlands in the field of 
natural gas, hydrogen processing, transport and logistics can be characterized by a very strong 
international knowledge infrastructure, and more importantly, the knowledge infrastructure in the field 
of hydrogen and fuel cells is internationally recognized and respected [23]. With regard to clear and 
identified national priorities the Dutch Innovation Agenda has selected Hydrogen Mobility and New 
Gas as two programs that need to be further developed in the upcoming years. The Dutch government 
aims at developing a program which is completely in line with the ‘Joint Technology Initiative Fuel 
Cell and Hydrogen’ (JTI), and in such a way that large scale demonstration projects and R&D can be 
performed together with European partners (European Union-EU). The Dutch government strives for 
the realization of a region which receives international recognition as a strong and competitive 
hydrogen region (e.g. large demonstrations). A possibility for realizing such a region might be the 
formation of two corridors between the Randstad, Nordrhein Westfalen and Flanders. This idea is 
based on the fact that each region has unique infrastructural characteristics and there exist strong ties 
between them [35, 36]. The Ministries of Transport, Public Works & Water Management (VenW) and 
Economic Affairs (EZ), and the platforms sustainable mobility and new gas, which are both platforms 
(with experts from the government and industry sector) concerned with the acceleration of market 
introduction of sustainable fuels and vehicle technologies [37], will integrate this vision in the 
formulation of a demonstration and introduction programme for hydrogen. However, a proposal for 
this programme is still not adopted by the Dutch government. The national policy of the Dutch 
government towards the development of alternative fueled vehicles does not enable the Netherlands to 
formulate clear and shared national priorities towards hydrogen and fuel cell development mainly 
because the Dutch government takes a technological neutral stance. 
 
Again, the US case provides a different picture. The state of California is uniquely qualified to play a 
leadership role in accelerating hydrogen technologies and ensuring that the hydrogen economy moves 
forward in the US. Furthermore, California is also positioned as a world leader in the development and 
demonstration of hydrogen technologies as evidenced by the California Fuel Cell Partnership, the 
South Coast Air Quality Management District, the Stationary Fuel Cell Collaborative, the University 
of California researchers, companies, and leading national laboratories. A commitment to and 
investments in the California Hydrogen Highway Network will help to sustain California’s leadership 
position into the future. With regard to hydrogen specifically, California is one of the world leaders in 
the development of a hydrogen transport network. Considerable work has been performed in the state, 
in particular since 2004 when Governor Arnold Schwarzenegger announced his plan for the California 
Hydrogen Highway. The motivation behind developing a hydrogen transport network in California is 
based on two aspects: 1) to improve energy security and 2) to improve air quality. Furthermore, the 
state of California is very ambitious with regard to technological advancement and innovation. 
California is seen as the national centre for a significant amount of scientific research and strives to be 
one of the leaders in the development of new technologies (e.g. hydrogen and fuel cell technologies). 
With regard to clear and shared sate priorities, In June 2005 Governor Schwarzenegger signed 
Executive Order S-3-05 setting the goal of reducing greenhouse gas emissions to 80% below 1990 
levels by 2050. To achieve this goal all sectors must reduce their emissions. The state of California has 
made it a priority to establish a network of early hydrogen fuel stations focused in key areas such as 
San Francisco and Los Angeles, in order to remain its leadership position in hydrogen and fuel cell 
R&D and demonstration, the state of California is leading the country, and even perhaps the world, by 
formulating clear and aggressive quantitative goals in a strategic vision document. 
 
The UK’s technical base is strong in some narrow but key areas such as materials for storage and fuel 
cells, novel hydrogen production technologies and vehicle engineering [54, 108]. There is also some 
experience in fuel infrastructure planning and bulk hydrogen handling (e.g. storage), however, in 
general, UK companies are less advanced than companies in countries like the US and Japan. 
Furthermore, the UK has strengths in some areas of the hydrogen supply chain and is well-regarded 
for its R&D in particular. However, limited support has held back progress and the UK is falling 
behind in the demonstration and commercialization of hydrogen and fuel cell technology [54, 108]. As 
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for the UK, many stakeholders anticipate that stationary applications will represent a key early market 
for fuel cells in the UK. The UK is considered to be ahead in research and development in fuel cells, 
and the UK has a natural gas network, providing an established fuel infrastructure for fuel cells to run 
on natural gas. However, the picture of transport applications for hydrogen and fuel cells is less 
promising. The UK is generally considered to be lacking in specific strengths relative to other 
countries, and unlike in many other countries, financial incentives for demonstration and R&D are 
limited compared to other countries [54]. With regard to the clear and shared national priorities, many 
stakeholders in the UK, including those from industry but also other experts, that were consulted 
during this project and in other research projects [54, 72, 73, 103, 104], 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. Some stakeholders mention 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. Furthermore, it is mentioned that in the last decade the poor coordination of 
the UK government in hydrogen programmes is a possible reason for the delays in hydrogen 
infrastructure development. The main drivers behind UK’s interest in developing hydrogen and fuel 
cell technologies for the transport sector are; it’s potential for CO2 emission reductions and the 
potential for improving energy security. Based on these perspectives it can be viewed that the UK 
government has up to date taken a technology neutral stance that does not favor hydrogen technologies 
over other alternative fuels.  
 
The fourth and final characteristic that defines the institutional thickness of the corridor can be 
characterized by structures of domination and/or patterns of coalition. These fourth dimension can be 
identified through two indicators; formal competencies of organizations and local actors perceptions.  
 
In the first place, for the corridor the institutional landscape in the field of hydrogen and fuel cells can 
be characterized by the presence of some large gas companies/industrial hydrogen producers (e.g. BP, 
Shell), and a set of young start-up companies aimed at the development of hydrogen and fuel cell 
applications. The large gas companies, mainly located in the Rotterdam Rijnmond area, are mainly 
responsible for the production and storage of industrial hydrogen. Additionally, the large industrial 
hydrogen production companies deliver a significant part of knowledge to the young SMEs. On their 
turn, these relatively new companies, specialized in hydrogen and fuel cell applications, ensure the 
existence of new markets. The Netherlands has an extensive knowledge base in hydrogen and fuel 
cells with the presence of companies like: ECN, TNO, RIVM and the TU Delft. The Energy Research 
Centre (ECN) is the biggest research centre in the Netherlands, followed by TNO. These two research 
institutes participate in most relevant international research projects as well. Most domestic 
collaborations exist out of a mixture between the bigger gas companies, research institutes and smaller 
hydrogen and fuel cell application-oriented SMEs. Within most domestic collaborations the research 
institutes and politics (e.g. SenterNovem) fulfill an important and dominant role. SenterNovem is the 
most important subsidizing organization in the Netherlands for hydrogen and fuel cell related R&D 
and demonstration projects. With regard to the local actors perceptions of the perceived power of 
organizations I would like to refer to the workshop ‘EOS to the Market’ which was organized in 
December last year by SenterNovem. Background research for the project proved the fact that SMEs 
in the field of hydrogen and fuel cells in the Netherlands have no or a very limited amount of influence 
[94]. For instance, SenterNovem uses a variety of subsidizing instruments. The application procedures 
and programme preparation activities are performed by the Energy Advice Commissions (EACs) and 
Program Preparation Commissions (PVCs). Background research showed that the participation of 
SMEs in these commissions is limited [94]. Most representatives are coming from the larger 
companies and research institutes. However, these bigger companies have different interests in the 
market with respect to the SMEs. Furthermore, the subsidy instruments of SenterNovem are designed 
in such a way that the SMEs will have to compete for subsidies with the larger companies and big 
research institutes. In the US hydrogen and fuel cell R&D is mostly carried out by the US government 
under the hydrogen and fuel cells infrastructure technologies program. The government’s strategy is to 
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concentrate funding on high-risk applied research on technologies in the early stages of development, 
and leverage private-sector funding through partnerships. In the state of California one of the most 
influential organizations involved in California’s hydrogen and fuel cell work is the California Fuel 
Cell Partnership (CAFCP). The CAFCP 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 CAFCP is 
now a collaboration of 31 member organizations, including large car manufacturers, energy providers, 
government agencies, fuel cell technology companies, working together towards the 
commercialization of hydrogen fueled vehicles. In the state of California the car manufacturers are 
seen as influential and keen to bring new technologies to the market. One of the major milestones in 
California’s hydrogen and fuel cell work is the establishment of the California Hydrogen Highway. An 
executive order signed by governor Schwarzenegger stressed California’s commitment to achieving a 
clean energy and transportation future based on the rapid commercialization 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 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 centers. In California, the 
Fuel Cell Partnership 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.  
 
In the UK the motivation behind supporting hydrogen is its future potential in significant reductions in 
carbon emissions. Current support measures target research and demonstration development activities. 
However, for the most part, the government has taken a technology neutral stance. The level of 
support available in the UK is lower and more fragmented than in other countries. In the UK a number 
of early user centers are identified. However, these regions are perceived to be slightly autonomous. 
And therefore, one of the biggest hurdles in the UK, as mentioned by many stakeholders [54], is the 
poor coordination among the hydrogen clusters. The London area, however, can be characterized by 
the presence of an influential organization, the London Hydrogen Partnership. The LHP has members 
from industry (energy companies, car manufacturers) and (local) government agencies. The LHP 
works with a yearly budget of approximately 300000 euro’s. Approximately 50% of this yearly budget 
is coming from Greater London Area (GLA). The additional 50% is coming from the members of the 
steering group (approximately 8000-10000 per member). In the UK increasingly the London area is 
recognized as a key source of investment for hydrogen and fuel cell companies, and most hydrogen 
and fuel cell R&D and demonstration seems to focus on this region because of strong support from the 
LHP.  

5.5 Examination of requirements for real ISSs 

This section examines the real ISSs from the different cases in relation to the table of requirements 
(table 1). This examination enables us to validate the theoretical approach used to characterize an ideal 
ISS. The Corridor and the UK only have experience in building-up an ISS for the pre-development 
phase. In the US the State of California has experience with building-up an ISS for the pre-
development phase and for the take-off phase.  
 
Based on the table of requirements an ideal ISS for the pre-development phase of a technological 
transition is most effective if it is strongly investment focused, strongly supply-oriented, and strongly 
technology specific. An ideal ISS for the take-off phase is most effective if it is technology specific, 
supply-oriented and slowly shifting towards demand oriented (increasing the attractiveness of the 

novel technology), and price-driven. In section 5.3, for each case the main characteristics of the 
individual institutional support measures are analyzed. These characteristics can be used in order to 
determine the main characteristics of the overall ISS for the specific transition development phase. 
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 Corridor  

Based on the main characteristics of the implemented and planned institutional support measures, as 
depicted in table 7, 8 and 9, it can be concluded that the majority of the institutional support measures 
for the pre-development phase are not hydrogen-technology specific. Most of the financial incentives 
are applicable to other alternative technologies as well and do not specifically support hydrogen and 
fuel cell technologies. The other support measures; launches of NWV (2002) and DutchHy (2008), 
the construction of an NPR (2010) and a safety guideline for fire departments (end of 2009), and 
possibly the launch of an independent project bureau (2012), do have a more technology specific 
character but their influence in the pre-development phase is still limited [72]. Furthermore, as 
depicted in table 7, 8 and 9, the majority of the implemented and planned institutional support 
measures for the pre-development phase in the Corridor are supply-oriented. R&D- and demonstration 
subsidies, the construction of an NPR and a safety guideline for fire departments are all supply-
oriented support measures. The implemented tax incentives are mainly demand-oriented, shifting the 
overall ISS slightly into the direction of demand-oriented. However, no FCVs are driving on the roads 
(yet) so their influence in the pre-development phase is still limited [72, 73], and the overall ISS for 
the pre-development phase in the Corridor may be characterized as mostly supply-oriented. Finally, as 
depicted in table 7, 8 and 9, the majority of the implemented and planned institutional support 
measures for the pre-development phase are not strongly investment focused. Some of the financial 
incentives; R&D- and demonstration subsidies, are investment focused but do not have the ability to 
counterbalance the high initial costs [72, 73, 76]. Based on these findings it can be concluded that the 
real (current) ISS for the pre-development phase in the Corridor fulfils only a small part of the 
requirements derived for an ideal ISS.   
 
The US - California 

The US - California case provides a different image. The State of California is now gradually moving 
into the take-off phase, and they have experience in building-up an ISS for the pre-development phase, 
as well as for the take-off phase. Both support schemes will be examined in relation to the table of 
requirements.  
 
Based on the main characteristics of the implemented institutional support measures, as depicted in 
table 11 and 12, it can be concluded that the institutional support measures for the pre-development 
phase in California are partly hydrogen technology specific. Most of the financial incentives and 
regulations are applicable to other alternative fuelled vehicles as well, and do not specifically support 
hydrogen and fuel cell technologies. However, many other support measures; launch of CaFCP, 
NHA, CAH2Net (California Hydrogen Highway), many documents related to hydrogen and fuel cell 
standards & codes, safety and permitting, and some local incentives (e.g. parking incentives) are 
hydrogen technology specific. Furthermore, as depicted in table 11 and 12, the majority of the 
institutional support measures for the pre-development phase are strongly supply-oriented. For 
instance, the availability of many subsidy forms, the ZEV mandate, GHG emission standards, CAFE 
standards, and most of the other support measures are supply-oriented. And finally, as depicted in 
table 11 and 12, the availability of many subsidy forms, and the launch of the CaFCP (with strong 
financial involvement of its members), may characterize the ISS for the pre-development phase as 
strongly investment focused. Based on these findings it can be concluded that the real ISS for the pre-
development phase in the US California fulfils most of the requirements derived for an ideal ISS in the 
pre-development phase.   
 
Based on the main characteristics of the implemented and planned institutional support measures, as 
depicted in table 11 and 12, it can be concluded that the institutional support measures for the take-off 
phase in California are partly hydrogen technology specific. Most of the financial incentives and 
regulations are applicable to other alternative fuelled vehicles as well, and do not specifically support 
hydrogen and fuel cells. However, many other support measures; launch of CaFCP, NHA, 
CAH2Net (California Hydrogen Highway), many documents related to hydrogen and fuel cell 
standards & codes, safety and permitting, and some local incentives (e.g. parking incentives) are 
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hydrogen technology specific. Furthermore, as depicted in table 11 and 12, the majority of the 
institutional support measures for the take-off phase in California are strongly supply-oriented. For 
instance, extensions of the regulations (e.g. ZEV mandate), the implementation of more (local) 
incentives (e.g. parking incentives, discounts) and stimulation programmes, the availability of higher 
amounts of subsidies, and the implementation of loan guarantees are all supply-oriented support 
measures. Furthermore, as depicted in table 11 and 12, in the take-off phase many more tax incentives 
are implemented, having a direct price reducing effect and making the overall ISS for the pre-
development phase price-driven. Furthermore, the availability of many more tax incentives, local 
incentives (e.g. parking incentives), and the public procurement regulation make the overall ISS for 
the take-off phase slightly shift towards demand-oriented and aimed at increasing the attractiveness of 
hydrogen and fuel cell technologies. Based on these findings it can be concluded that the real (current) 
ISS for the take-off phase in California fulfils most of the requirements derived for an ideal ISS in the 
take-off phase. 
 

The UK 

Based on the main characteristics of the implemented institutional support measures, as depicted in 
table 13 and 14, it can be concluded that the majority of the institutional support measures for the pre-
development phase are not hydrogen technology specific. Most of the financial incentives are 
applicable to other alternative fuelled vehicles as well and do not specifically support hydrogen and 
fuel cell technologies. The other support measures; launches of the LHP, the UKHA, HySafer and 
the implementation of tender procedures by the LHP, do have a more hydrogen technology specific 
character but their influence in the pre-development phase is still limited [72, 73, 54]. Furthermore, as 
depicted in table 13 and 14, a part of the implemented institutional support measures for the pre-
development phase are supply-oriented, making the overall ISS for the pre-development phase partly 
supply-oriented. R&D- and demonstration subsidies and the launch of HySafer are supply-oriented 
support measures. However, the implemented tax incentives are mainly demand-oriented, shifting the 
overall ISS slightly into the direction of demand-oriented. Finally, as depicted in table 13 and 14, the 
overall ISS for the pre-development phase in the UK is not strongly investment focused. Some of the 
financial incentives; R&D- and demonstration subsidies, are investment focused but do not have the 
ability to counterbalance the high initial costs [72, 73, 76]. Based on these findings it can be concluded 
that the real (current) ISS for the pre-development phase in the UK fulfils only a small part of the 
requirements derived for an ideal ISS.   
 
Conclusion 

The US – California is internationally recognized as a world leader in hydrogen and fuel cell R&D and 
demonstration. In fact, this has already resulted in the construction of 26 HRSs and ca. 200 FCVs (and 
4 FCBs) driving on the roads. The state of California can be recognized as being in the take-off phase 
of the technological transition towards a hydrogen-based energy system. The UK and the Corridor are 
still in the pre-development phase of the transition, which can be seen in the fact that no HRSs are in 
operation (at the moment), and no FCVs are driving on the roads (yet). When we look at the main 
characteristics of the different real ISSs for hydrogen infrastructure we may conclude that the State of 
California has made the most progress in developing an ISS for hydrogen infrastructure (for the pre-
development phase as well as for the take-off phase). The UK and the Corridor have implemented 
only a limited amount of support measures for the pre-development phase. When we combine these 
findings with the table of requirements it can be concluded that the real ISS in California fulfills 
(almost) all of the requirements derived for an (ideal) ISS for the pre-development phase, as well as 
for the take-off phase. The real ISSs for the pre-development phase in the Corridor and the UK fulfill 
none of the requirements.  
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6. Comparative analysis 
 
 This chapter describes the results from a comparative analysis between the three cases. Section 
6.1 and 6.2 describe the results from a comparative analysis between the main characteristics of the 
three real ISSs and the institutional contexts. The remainder of this chapter (section 6.3) describes the 
applicability of institutional support measures from the other cases in the Corridor case, which can be 
used for providing policy recommendations. 

6.1 Comparative analysis between the real ISSs 

In section 5.3 we described the main characteristics of three real ISSs from different cases. An 
overview of the main findings is described below and presented in table 18. 
 
An ideal ISS for the pre-development phase of the technological transition is most effective if it is 
strongly technology specific, strongly investment focused, and strongly supply-oriented (table 1).  
In the Corridor for the pre-development phase two institutional support mechanisms are implemented; 
financial incentives and other support measures. The financial incentives consist out of a collection of 
R&D- and demonstration subsidies, plus three tax incentives (e.g. exemptions). The other support 
measures consist out of the launch of two supporting institutions, a safety guideline for fire 
departments and the construction of an NPR, and (possibly) the launch of a project bureau. In the UK 
for the pre-development phase two institutional support mechanisms are implemented as well; 
financial incentives and other support measures. The financial incentives consist out of a collection of 
R&D-, and demonstration subsidies plus four tax incentives (e.g. exemptions/reductions). The other 
support measures consist out of the launch of three supporting institutions and the implementation of 
tender procedures by the LHP. In California for the pre-development phase three institutional support 
mechanisms are implemented; financial incentives, regulations and other support measures. The 
financial incentives consist out of four forms of subsidies plus several tax incentives (e.g. accelerated 
depreciation). In California several regulations are implemented (e.g. ZEV mandate) at federal and 
state level, which creates a favourable regulative context for the roll out of alternative fuelled vehicles. 
The other support measures on a state level consist out of the construction/publication of many 
documents in the field of hydrogen standards & codes, permitting and safety, and the launch of the 
CaFCP and CAH2Net, and the implementation of a few local incentives (e.g. parking incentives). On 
a federal level the other support measures consist out of many documents for standards & codes, 
safety and permitting as well plus the launch of the NHA, the implementation of a National Hydrogen 
Program. As depicted in section 5.5, it can be concluded that the state of California fulfils almost each 
of the three requirements derived for an ideal ISS for the pre-development phase (table 18), and The 
Corridor and the UK fulfil none (or a small fraction) of the requirements derived for an ideal ISS for 
the pre-development phase (table 18). 
 
An ideal ISS for the take-off phase of the technological transition is most effective if it is investment 
focused and gradually shifting towards production focused, technology specific, gradually shifting 

from supply-oriented towards partly demand-oriented, price driven, and aimed at increasing the 

attractiveness of the novel technology (table 1). In the state of California for the take-off phase three 
institutional support mechanisms are implemented; financial incentives, regulations and other support 
measures. The financial incentives consist out of an increased amount of R&D-, demonstration-, 
investment- and production subsidies, compared to the pre-development phase. In the take-off phase 
the state of California also implemented many more tax incentives (e.g. different types of credits) to 
stimulate demand, plus loan guarantees in order to create an attractive investment climate. The 
regulations implemented for the take-off phase mostly consist out of an extension/adjustment of the 
regulations that were implemented in the pre-development phase. Additionally, also public 
procurement is implemented as a regulation. The other support measures implemented in the take-off 
phase consist out of an increasing amount general stimulation measures (e.g. parking incentives, 
discounts), the implementation of several local and state level stimulation programs, and continued 
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work in the area of hydrogen standards, codes, safety and permitting. As depicted in section 5.5, it can 
be concluded that the state of California fulfils most of the requirements derived for an ideal ISS for 
the take-off phase (table 18). 
  
Table 18: The main characteristics real ISSs case studies 

 
 

 
 

 

Ideal ISS 
(pre-
developm
ent 
phase) 

Ideal ISS  
(take-
off 
phase) 

Real ISS Corridor 
(pre-
development 
phase) 

Real ISS UK 
(pre-
development 
phase) 

Real ISS CA (pre-
development phase) 

Real ISS Ca (pre-
development 
phase) 

Institutional support measures 

1. Financial 
incentives 

- - - R&D subsidies 

- Demo subsidies 

- Tax incentives 

(e.g. exemptions) 

- R&D subsidies 

- Demo subsidies 

- Tax incentives 

(e.g. exemptions) 

- ECAs 

- R&D subsidies 

- Demo subsidies 

- Prod Subsidies 

- Invest subsidies 

- Tax incentives (e.g. 

credits) 

- R&D subsidies 

- Demo subsidies 

- Prod Subsidies 

- Invest subsidies 

- Tax incentives 

(e.g. credits) 

- loan guarantees 

2. Regulations - - None None - ZEV mandate 

- GHG standards 

- HOV lane exempt 

- CAFE standards 

- extensions of 

regulations pre-

development 

phase) 

- public 

procurement 

3. Other Support 
measures 

- - - 2 supporting 

institutions 

- NPR 

- Safety guideline 

- (possible) launch 

of project bureau 

- 5 supporting 

institutions 

- Tender 

procedures 

- 3 supp inst 

- many docs in H2 

stands/codes/etc 

- several general 

stimulation measures 

(parking incentives) 

- 3 supp inst 

- Continued work in 

H2 

stand/codes/etc. 

- more general 

stimulation 

measures (parking 

incentives) 

- Several local 

stimulation progr. 

Fulfilment Requirements 

Strongly 
technology specific 

√*  X* X Partly  

Strongly 
investment focused 

√   X X √  

Strongly supply-
oriented 

√  Mostly Partly √  

Investment focused 
shifting towards 
production focus 

 √ NA* NA   
√ 

Technology specific  √ NA NA  Partly 

Supply-oriented 
shifting to demand-
oriented 

 √ NA NA   
√ 

Price-driven  √ NA NA  √ 

*√ = requirement fulfilled          *NA = not available                  *X = not fulfilled    

6.2 Comparative analysis between the institutional contexts 

As can be seen in section 5.4 each country differs from one another with regard to the institutional 
context. This section describes the results from a comparative analysis between the three institutional 
contexts. An overview of the main findings for the institutional context for each case can be found in 
table 19. The first dimension (institutional presence) is measured through 5 indicators: density, 
commitment, spatial scale, ownership, accountability status. As can be seen in table 20, the state of 
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California has the ‘densest’ institutional landscape with ca. 200 organizations involved in hydrogen 
and fuel cell development, with most organizations having a regional focus (e.g. South of California). 
Furthermore, in the State of California there is a large involvement of the public sector compared to 
the other two cases. And finally, in all three cases most organizations are localist organizations 
dedicating parts of their total budgets to H2 and fuel cell developments.  
 
Table 19: Comparative analysis institutional contexts 

Dimension Indicator Corridor case UK case California case 

Density Ca 100 organizations Ca. 120 organizations Ca. 200 organizations 

Types of organizations Mostly private (92%) Mostly private (93%) Public: 13%, Private: 77% 

Public-Private: 10%  

Commitment Mostly Partial: 80 % Mostly Partial: 90 % Mostly Partial (85 %) 

Spatial scale Mostly national (83%) Mostly national (65%) Mostly regional (65%) 

1.Institutional 
presence 

Accountability status Mostly localist (97%) Mostly localist (85%) Mostly localist (90%) 

Number of partnerships 0 3 2 

Lengths of time in 

operation 

- Since 2002 Since 1999 

Intensity of other forms 

of collaboration 

- DutchHy 

- NWV 

- several research 

groups universities 

- Strong collaboration 

between universities 

- UKHA, ETI, ERP 

- HySafer 

- several research groups 

universities 

- NHA 

- CAH2Net 

2.Level of 
interaction 

Main themes and issues 

for collaboration 

- informing public 

sector 

- influence policy 

- knowledge 

gathering 

- stimulate 

collaboration 

- development of a 

strategic vision 

document 

- promote education 

- give guidance on R&D 

activities 

- share knowledge 

- inform/influence 

government policies 

- establish and maintain 

dialogue among sectors 

relevant to H2 

- develop London 

hydrogen action plan 

- provide a platform 

- demonstrate and promote 

the potential for fuel cell 

vehicle 

- provide technical support 

for building HRS and 

demonstrating FCVs 

- stimulate development 

standards & codes 

- prepare early adopter 

communities 

- coordinate FCV demo’s 

Clear and shared national 

identity 

- key player in R&D in 

fuel cells 

- important natural 

gas country 

- strong 

petrochemical sector 

- some strengths in 

R&D in parts of the 

supply chain hydrogen 

- World leader in hydrogen 

and fuel cell R&D and 

demonstration 

3.Mutual 
awareness 

Clear and shared national 

priorities 

- No national 

hydrogen programme 

 

- The London region is 

increasingly seen as the 

region for H2 R&D and 

demonstration 

- London H2 action plan 

- Strategic vision document 

CAFCP for; roll out of HRSs, 

FCVs and FCBs, and prepare 

early adopter communities 

4.Structures 
of 
domination 

Structures of domination - large gas companies 

dominate in 

collaborations with 

SMEs 

- knowledge clusters 

(Arnhem, Adam, 

Rotterdam)  

- Increasing Influential 

role of LHP in London 

region 

 

- strong influence CaFCP 

- strong involvement 

automotive sector 

- pro-active stance 

Californian government 

 
The second dimension (the level of interaction) is measured by looking into the launch of formal 
partnerships and other forms of collaboration. The UK and California can be characterized by the 
presence of two partnerships. The two most influential ones are the LHP and the CaFCP. In the UK, 
the LHP is in operation since 2002. In California, the CaFCP is in operation since 1999. Furthermore, 
the UK can be characterized by the presence of a large amount of research groups/institutes working 
together on hydrogen and fuel cell related issues. In the state of California and in the corridor several 
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research groups are working on hydrogen and fuel cell related issues. As can be seen in table 19, the 
main reasons for collaborating in the field of hydrogen and fuel cells vary in each of the three cases. 
The state of California, for instance, strongly aims at preparing early adopter communities and 
developing standards & codes.  The third dimension (mutual awareness) is measures by looking into 
clear and shared national identities and priorities. The Corridor is well known for its strong knowledge 
base in the petrochemical sector (the Corridor produces one of the largest volumes of hydrogen in 
Europe) and the technological development of fuel cells (e.g. Nedstack). Furthermore, the Corridor is 
well known for its unique natural gas grid and the presence of a hydrogen pipeline network. The UK 
has a strong knowledge base in some parts of the hydrogen supply chain and is well known for its 
R&D. The US California is internationally recognized as being a world leader in hydrogen and fuel 
cell R&D and demonstration projects. The Corridor does not have clear and shared priorities in the 
field of hydrogen and fuel cells. One of the main reasons for this is the fact that no National hydrogen 
Programme is implemented (yet), and no strategic vision documents have been constructed. In the UK, 
the LHP has formulated clear their goals and priorities in the Hydrogen Action Plan. In California, the 
CaFCP has formulated their goals and priorities in a strategic vision document which consists out of 
strong quantitative goals for the roll out of hydrogen refuelling stations, FCVs and FCBs. The fourth 
dimension (structures of domination) is related to the perceived and actual power of organizations 
involved in hydrogen and fuel cells. In the Corridor, Most domestic collaborations exist out of a 
mixture between the bigger gas companies, research institutes and smaller hydrogen and fuel cell 
application-oriented SMEs. Within most domestic collaborations the research institutes and politics 
fulfill an important and dominant role. SenterNovem is the most important subsidizing organization in 
the Netherlands for hydrogen and fuel cell related R&D and demonstration projects. Most of the 
activities related to hydrogen and fuel cells R&D and demonstration are taking place in three early 
user regions; Amsterdam, Arnhem and Rotterdam. In the UK, the London area is increasingly seen as 
the most important region for hydrogen and fuel cell R&D and demonstration. In the UK there have 
been identified 6 early user regions, but these regions are perceived to be slightly autonomous. In the 
US the State of California and the CaFCP play an influential role. The majority of the organizations 
involved in hydrogen and fuel cell development in California are linked to the CaFCP. Furthermore, 
other organizations outside the state also aim their activities at the State of California (mainly because 
of regulative). And finally, the State of California can be characterized by the presence of a strong 
automotive sector and a pro-active stance of the Californian government and Governor 
Schwarzenegger.  

6.3 Learning experience from other cases 

The main goal of this research project is to provide policy recommendations for the (further) build-up 
of an ISS for hydrogen infrastructure in the Corridor. These recommendations will be based on 
learning experience from the other two cases. In this section we will determine which components of 
the real ISSs from the other two cases can be applied in the Corridor, and have the ability to contribute 
to the (further) fulfilment of the requirements in the Corridor. In order to find out what IS measures 
from the other cases can be used in the Corridor we look into three aspects: First, it is important to 
look at the requirements which are not fulfilled by the real ISS for the pre-development phase in the 
Corridor (table 18). Secondly, we look at the other two cases and find out which IS measures 
contribute most to the fulfilment of the three requirements in those cases (section 6.3.1). Third, we will 
select support measures from the other two cases which have the ability to contribute most to the 
(further) fulfilment of the requirements for the ISS in the Corridor (section 6.3.2). However, when 
doing this it is also important to look into the feasibility of applying the selected institutional support 
measures in the Corridor considering the differences in institutional contexts (table 19).  
 
As can be seen in table 1 and in the results of the California case, an ideal ISS for the pre-development 
phase is most effective if it is strongly investment focused, strongly (hydrogen) technology specific 
and strongly supply-oriented. As can be observed in section 5.5 and table 18, the real ISS for the pre-
development phase in the Corridor is not strongly investment focused, it is not hydrogen technology 
specific, and it is mostly supply-oriented. 
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6.3.1 (Potential) IS measures for the Corridor (from other cases) 

In this sub section we will determine what implemented institutional support measures in the other 
cases contribute most to the fulfilment of the requirements. The state of California has made the most 
progress, compared to the other two cases, in developing an ISS for hydrogen infrastructure for the 
pre-development phase as well as for the take-off phase. As can be observed in section 5.5 and table 
18, most of the requirements are fulfilled by the real ISS for the pre-development phase, as well as for 
the take-off phase. The UK provides a similar picture compared to the Corridor, and only a small 
fraction of the requirements are fulfilled.  
 
The real ISS for the pre-development phase in California is strongly supply-oriented mainly because 
of the following institutional support measures (section 5.3.2, table 12, 18); financial incentives: 
R&D-, demonstration-, production-, and investment subsidies, and accelerated depreciation; 
regulations: ZEV mandate, GHG standards, CAFE standards; other support measures: the State 
Alternative Fuels Plan, Hydrogen permitting guide, hydrogen, codes, standards and regulations matrix, 
guide to safety of hydrogen and hydrogen systems, California hydrogen fuelling station practical 
guideline, permitting hydrogen facilities website, the launch of the CaFCP (supported by a strong 
project management bureau), CAH2Net, and the NHA, and the implementation of a National 
hydrogen Programme by DOE. The real ISS for the pre-development phase in California is strongly 
investment focused mainly because of the following institutional support measures (section 5.3.2, table 
12); financial incentives: substantial amounts of R&D-, demonstration-, and investment subsidies, 
and accelerated depreciation; other support measures: the launch of CaFCP with strong financial 
involvement members, launch of CAH2Net with strong financial involvement California government, 
State Alternative fuels Plan, and the National Hydrogen Programme from DOE. The real ISS for the 
pre-development phase in California is partly technology specific mainly because of the following 
institutional support measures (section 5.3.2, table 12); other support measures: launch of NHA, 
CAH2Net, CAFCP, implementation of National Hydrogen Programme, Hydrogen permitting guide, 
hydrogen, codes, standards and regulations matrix, guide to safety of hydrogen and hydrogen systems, 
the California hydrogen fuelling station guide, and the permitting hydrogen facilities website. 
 
As can be observed in section 5.5 and table 18, the real ISS in the UK fulfils only a small fraction of 
the requirements. The real ISS for the pre-development phase in the UK is partly supply-oriented 
because of the following institutional support measures (section 5.3.3); financial incentives: the 
availability of R&D and demonstration subsidies, and ECAs; other support measures: the launch of 
the UKHA, LHP, and the LCVP, the ETI and ERP. 

6.3.2 Feasibility of using the (potential) IS measures in Corridor 

In this sub section we will determine what institutional support measures from the other cases (section 
6.3.1) have the ability to contribute most to the (further) fulfilment of the requirements for the real ISS 
for the pre-development phase in the Corridor. Furthermore we will look into the feasibility of 
applying those support measures in the Corridor, considering the different institutional contexts. 
 
The real (current) ISS for the pre-development phase in the Corridor (table 18) consists out of R&D-, 
and demonstration subsidies, several tax incentives (e.g. exemptions), a practical guideline for 
hydrogen refuelling stations (2010), a safety guideline for fire departments (end 2009), the launch of 
the NWV (2002) and DutchHy (2008), and (possibly) a project bureau in the South of the Netherlands 
(2012). Based on the results presented in table 18, it can be concluded that the real ISS for the pre-
development phase in the Corridor should become more investment focused, more technology 
specific, and more supply-oriented. In section 6.3.1 it was described what institutional support 
measures in the other cases contributed most to the fulfilment of the three requirements in those two 
cases. Based on these findings we may select the following IS measures which could be implemented 
in the Corridor in order to make the overall ISS for the pre-development phase even stronger supply-
oriented; more investment focused, and more technology specific; 
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Table 20: (potential) IS measures for the Corridor (from other cases)  

 More Supply-oriented More investment focused More technology specific 

Production subsidies Production subsidies  

Investment subsidies Investment subsidies  

Accelerated Depreciation Accelerated depreciation  

Financial incentives 

ECAs ECAs  

Regulations Regulations   

Launch formal partnership Launch formal partnership (strong 

financial involvement members) 

Launch formal partnership 

Launch supporting project 

management bureau 

Launch National Hydrogen 

Programme 

Launch supporting project 

management bureau 

Implement National 

hydrogen Programme 

 Implement National 

hydrogen Programme 

Construct a H2 standards-, 

codes (and regulation) matrix 

 Construct a H2 standards-, 

codes (and regulation) matrix 

Construct a hydrogen 

facilities permitting website 

 Construct a hydrogen 

facilities permitting website 

Other Support 
measures 

Construct a safety guide for 

hydrogen and H2 systems 

 Construct a safety guide for 

hydrogen and H2 systems 

 
However, the possibilities for implementing specific institutional support measures strongly depends 
on the institutional context, and therefore, we need to look further into the feasibility of implementing 
the (potential) institutional support measures in the Corridor. For instance, based on the characteristics 
of the ISS in California it is proposed that implementing several regulations could make the overall 
ISS in the Corridor more supply-oriented. However, most of the regulations implemented in California 
(e.g. ZEV Mandate) are related to (sales) obligations for car manufacturers, and are originating from 
the fact that the Californian government aims strongly for early market preparation (table 19). 
However, applying similar types of regulations in the Corridor could be a problematic issue because 
no big car manufacturers are located in the Corridor. Furthermore, the Corridor has no clear and 
shared strategy and national priorities towards hydrogen and fuel cells (table 19). In the state of 
California having a clear strategy towards hydrogen and fuel cells (early market preparation) seems 
important for the types of regulations being implemented (table 19). Further research should be carried 
out in order to find out what types of regulations are most effective and appropriate for the Corridor. 
Launching a formal partnership, and a supportive project management bureau seems a powerful 
support measure as well (table 20). However, the possibilities for launching a formal partnership 
strongly depend on the willingness of stakeholders to participate. When we look into the structures of 
domination in the Corridor (table 19) then we recognize the fact that big gas companies and large 
research institutes dominate in domestic collaborative efforts with SMEs in hydrogen and fuel cells. 
This could hamper the possibilities for launching a formal partnership, and further research is needed 
in order to look into the possibilities. Launching a project management bureau is already planned for 
the South of the Netherlands (table 19) and therefore seems feasible to be implemented. Implementing 
a National Hydrogen Programme in the Corridor seems feasible. In November 2008 the Dutch 
Hydrogen Coalition was launched (table 19). The main goal of this Coalition is to fulfil an important 
advisory role towards the Dutch Government for designing and implementing a National Hydrogen 
Programme. Accelerated depreciation and ECAs are financial incentives aimed at creating an 
attractive investment climate. Further research is needed in order to find out if these institutional 
support measures fit within the ISS for the pre-development phase. The implementation of production- 
and investment subsidies for the pre-development phase in the Corridor strongly depend on the 
willingness to invest by the Dutch Government. Further research is needed in order to find out if these 
support measures could, for instance, become part of the subsidy programmes of SenterNovem (table 
19). In California, a lot of financial incentives are available because of the pro-active stance of the 
Californian Government and Governor Schwarzenegger. In the Corridor (and in the UK as well), the 
government has taken a technology neutral stance (table 19) and providing these financial incentives 
could be a problematic issue.  
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Possibilities for the ISS in the take-off phase 

California has also made progress in developing an ISS for the take-off phase. In table 18 we can 
observe that the real (current) ISS for the pre-development phase fulfils almost all of the requirements. 
Below we will describe what institutional support measures contribute most to the fulfilment of these 
requirements.  
 
The real ISS for the take-off phase in California is strongly investment focused and gradually shifts 
towards production focused, compared to the ISS for the pre-development phase, mainly because of 
the implementation of extra financial incentives; financial incentives: availability of the same four 
subsidy forms (but increasing amounts), accelerated depreciation, and loan guarantees; new 
regulations: public procurement; and other support measures: the CAFCP, National Hydrogen 
Programme (DOE), and CAH2Net. The real ISS for the take-off phase is supply-oriented because of 
the same institutional support measures as in the pre-development phase, but it shifts slightly towards 
demand-oriented because of the implementation of many more tax incentives (e.g. credits), and some 
local general stimulation measures/programmes (e.g. parking incentives and discounts), increasing the 
attractiveness of driving in AFVs. The real ISS for the take-off phase in California is partly hydrogen 
technology specific, because of the same reasons as for the ISS for the pre-development phase. 
 
Based on these findings it can be concluded that because of the implementation of many more 
subsidies (R&D-, investment-, demonstration-, production-), many more tax incentives (e.g. tax 
credits, fuel duty relief, exemptions), loan guarantees, additional regulations (e.g. public procurement), 
extensions of the regulations implemented in the pre-development phase, along with additional general 
support measures (e.g. parking incentives, discounts) most of the requirements can be fulfilled. Some 
of these support measures could be useful for implementation in the ISS for the take-off phase in the 
Corridor. However, the feasibility of possibly implementing these support measures in the take-off 
phase in the Corridor strongly depends on the characteristics of (and possible changes in) the 
institutional context. 
 



     An institutional support scheme for large scale hydrogen infrastructure development           

 S.A.Talle  

 

80  

 

7. Conclusions & Discussion 
 
 This section describes the main conclusions from this research project and it provides the 
answers to the research questions. Furthermore, some points for discussion are opened up in order to 
provide entries for further research. The main research question for this research project is:  
 

Main RQ; What policy recommendations can be given towards the build-up of an institutional support 

scheme for hydrogen infrastructure in the corridor formed between the Netherlands, Nordrhein 

Westfalen and Flanders? 

 
In order to give a proper answer to the main research question I formulated several sub questions. The 
section below provides the answers to each of the sub questions.  
 
 SQ1: What are the main characteristics of an ideal ISS (for hydrogen infrastructure)? 

 
Based on theoretical perspectives from the Multi Level Perspective and the transition development 
cycle it can be concluded that during a technological transition (e.g. transition towards a hydrogen-
based energy system) the technology develops through four stages of technological development; the 
pre-development-, take-off, acceleration-, and stabilization phase. The fact that the technology evolves 
in time, gains us insights into the idea that an institutional support schemes should be designed in such 
a way that enables it to co-evolve with technology. Combining the MLP and the transition 
development cycle enables the possibility to draw up a list of requirements for an ideal ISS to be 
fulfilled in each of the four transition development phases. For instance, an ISS for the pre-
development phase is supposed to be most effective if it is strongly supply-oriented, strongly 
investment focused, and strongly technology specific, and an ISS for the take-off phase is supposed to 
be most effective if it is investment focused and gradually shifting towards production focused, 
technology specific, gradually shifting from supply-oriented towards partly demand-oriented, price 
driven, and aimed at increasing the attractiveness of the novel technology.  
 

SQ2: What are the main characteristics of the real (current) ISSs in the Corridor and the 

other two cases? 

 

Based on the description of the presence of hydrogen infrastructure in each case, it can be concluded 
that the corridor and the UK are still in the pre-development phase of the technological transition, and 
the US is already in the take-off phase of the transition.  
 
In the Corridor the ISS for the pre-development phase consists out of two types of subsidies (R&D-, 
demonstration-), some tax incentives (e.g. exemptions), the construction of an NPR and a safety 
guideline for fire departments, and the launch of NWV and DutchHy. Based on the characteristics of 
the institutional support measures in the ISS for the pre-development phase in the Corridor it can be 
concluded that the ISS is not strongly hydrogen technology specific, it is mostly supply-oriented, and it 
is not strongly investment focused. In the UK the ISS for the pre-development phase consists out of 
two types of subsidies (R&D-, demonstration-), several tax incentives (exemptions), the launch of two 
supporting institutions and a formal partnership (e.g. LHP), and the implementation of tender 
procedures by the LHP. Based on the characteristics of the institutional support measures in the ISS 
for the pre-development phase in the UK it can be concluded that the ISS is not strongly hydrogen 
technology specific, it is partly supply-oriented, and it is not strongly investment focused. In the US 
the ISS for the pre-development phase consists out of four types of subsidies (R&D-, investment-, 
production-, demonstration-), several tax incentives (e.g. consumer credits), and the implementation of 
several regulations (e.g. ZEV mandate, GHG emission standards, etc.), and the implementation of a 
few general stimulating measures (e.g. parking incentives), the launch of a supporting institution and a 
formal partnership (e.g. CaFCP), and the construction of many documents in the area of standards, 
codes, permitting and safety. Based on the characteristics of the institutional support measures in the 
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ISS for the pre-development phase it can be concluded that the ISS in the California is partly hydrogen 
technology specific, it is strongly supply-oriented, and it is strongly investment focused. The ISS for 
the take-off phase in the US can be characterized by an extension of the ISS for the pre-development 
phase. The ISS for the take-off phase consists out of four types of subsidies (R&D-, investment-, 
production-, demonstration-), and even larger amounts of money are allocated in this phase, many 
more tax incentives (e.g. credits, exemptions), loan guarantees, an extension of the regulations which 
were implemented in the pre-development phase (e.g. ZEV mandate, GHG emission standards, etc.), 
along with the implementation of a public procurement regulation. Furthermore, several additional 
general stimulating measures (e.g. parking incentives) are implemented. Based on the characteristics 
of the institutional support measures in the ISS for the take-off phase it can be concluded that the ISS 
in California for this phase is strongly investment focused and gradually shifting towards production 
focused, partly technology specific, gradually shifting from supply-oriented towards partly demand-

oriented, price driven 

 
SQ3: What are the main characteristics of the institutional contexts of the Corridor and the 

other two cases? 

 
The institutional context of a region is measured through four dimensions; institutional presence, level 
of interaction, mutual awareness and structures of domination. The first dimension (institutional 

presence) is measured through 5 indicators: density, commitment, spatial scale, ownership, 
accountability status. As can be seen in table 20, the state of California has the ‘densest’ institutional 
landscape with ca. 200 organizations involved in hydrogen and fuel cell development, with most 
organizations having a regional focus (e.g. South of California). Furthermore, in the State of California 
there is a large involvement of the public sector compared to the other two cases. And finally, in all 
three cases most organizations are localist organizations dedicating parts of their total budget to H2 
and fuel cell developments. The second dimension (the level of interaction) is measured by looking 
into the launch of formal partnerships and other forms of collaboration. The UK and California can be 
characterized by the presence of two partnerships. The two most influential ones are the LHP and the 
CaFCP. In the UK, the LHP is in operation since 2002. In California, the CaFCP is in operation since 
1999. Furthermore, the UK can be characterized by the presence of a large amount of research 
groups/institutes working together on hydrogen and fuel cell related issues. In the state of California 
and in the corridor several research groups are working on hydrogen and fuel cell related issues. The 
main reasons for collaborating in the field of hydrogen and fuel cells vary in each of the three cases. 
The state of California, for instance, strongly aims at preparing early adopter communities and 
developing standards & codes. The third dimension (mutual awareness) is measures by looking into 
clear and shared national identities and priorities. The Corridor is well known for its strong knowledge 
base in the petrochemical sector (the Corridor produces one of the largest volumes of hydrogen in 
Europe) and the technological development of fuel cells (e.g. Nedstack). Furthermore, the Corridor is 
well known for its unique natural gas grid and the presence of a hydrogen pipeline network. The UK 
has a strong knowledge base in some parts of the hydrogen supply chain and is well known for its 
R&D. The US California is internationally recognized as being a world leader in hydrogen and fuel 
cell R&D and demonstration projects. The Corridor does not have clear and shared priorities in the 
field of hydrogen and fuel cells. One of the main reasons for this is the fact that no National hydrogen 
Programme is implemented (yet), and no strategic vision documents have been constructed. In the UK, 
the LHP has formulated clear their goals and priorities in the Hydrogen Action Plan. In California, the 
CaFCP has formulated their goals and priorities in a strategic vision document which consists out of 
strong quantitative goals for the roll out of hydrogen refuelling stations, FCVs and FCBs. The fourth 
dimension (structures of domination) is related to the perceived and actual power of organizations 
involved in hydrogen and fuel cells. In the Corridor, Most domestic collaborations exist out of a 
mixture between the bigger gas companies, research institutes and smaller hydrogen and fuel cell 
application-oriented SMEs. Within most domestic collaborations the research institutes and politics 
fulfill an important and dominant role. SenterNovem is the most important subsidizing organization in 
the Netherlands for hydrogen and fuel cell related R&D and demonstration projects. Most of the 
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activities related to hydrogen and fuel cells R&D and demonstration are taking place in three early 
user regions; Amsterdam, Arnhem and Rotterdam. In the UK, the London area is increasingly seen as 
the most important region for hydrogen and fuel cell R&D and demonstration. In the UK there have 
been identified 6 early user regions, but these regions are perceived to be slightly autonomous. In the 
US the State of California and the CaFCP play an influential role. The majority of the organizations 
involved in hydrogen and fuel cell development in California are linked to the CaFCP. Furthermore, 
other organizations outside the state also aim their activities at the State of California, particularly 
because of the favorable regulative context. And finally, the State of California can be characterized 
by the presence of a strong automotive sector and a pro-active stance of the Californian government 
and Governor Schwarzenegger.  
 

SQ4: What can be learned from the other cases for the (further) build-up of an ISS in the Corridor? 

 
Based on the learning experience from other cases for building-up their ISSs it can be concluded that 
several IS measures from the US case and the UK case could be used in the Corridor, in order to 
contribute to the (further) fulfillment of the requirements for the ISS for the pre-development phase. In 
order to make the ISS for the pre-development phase in the Corridor even more supply-oriented we 
could implement; production- and investment subsidies, accelerated depreciation, ECAs, regulations, 
the construction of several documents related to hydrogen standards, codes, safety, and permitting, the 
launch of a formal partnership, and a National Hydrogen Programme. In order to make the ISS for the 
pre-development phase more investment focused we could implement; production- and investment 
subsidies, accelerated depreciation, ECAs, and launching a formal partnership with strong financial 
involvement of its members. In order to make the ISS for the pre-development phase more technology 
specific we could implement; a National Hydrogen Programme, launch a formal partnership and 
construct more documents related to hydrogen standards, codes and safety. The feasibility of applying 
these IS support measures in the Corridor strongly depends on the characteristics of the institutional 
context. For instance, the State of California can be characterized by the presence of a strong 
partnership, a strong automotive sector and a pro-active stance of the California government and 
Governor Schwarzenegger. These conditions are highly favorable for the implementation of 
regulations, financial incentives and many other support measures. The Corridor has no National 
hydrogen Programme, no formal partnerships have been launched, no clear goals and priorities are 
formulated towards hydrogen and fuel cells, and the government takes a technology neutral stance. 
Further research into the feasibility of implementing specific institutional support measures is strongly 
recommended. For instance, more research will have to be performed on which regulations are most 
effective and appropriate within the institutional context of the Corridor.  
 
Main Research Question: What policy recommendations can be given towards the (further) build-up 

of an institutional support scheme for hydrogen infrastructure in the corridor formed between the 

Netherlands, Nordrhein Westfalen and Flanders? 

 
In the first place, based on the results from the three case studies; the Corridor (main case), the UK 
(comparative case) and the US-California (success case), and the examination of each of the three real 
ISSs in relation to the table of requirements, it can be concluded that an institutional support scheme 
for the pre-development phase, as well as for the take-off phase, is most effective if it is designed in 
such a way that it fulfills most of the requirements derived for an ideal ISS in table 1. Secondly, based 
on learning experience from the other two cases several IS measures could be suggested for 
implementation in the pre-development phase, which may contribute to the (further) fulfillment of the 
requirements. Suggested are; production/investment subsidies, ECAs, accelerated depreciation, 
launching a formal partnership (and a project management bureau), implementing a hydrogen facilities 
website, construct a hydrogen standards-, codes- (and regulations) matrix, and design a safety 
document for hydrogen and fuel cell systems. The feasibility of implementing these suggested support 
measures needs further research because of large differences within the institutional contexts.  
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Appendices 
 

Appendix A: Tables of quantitative goals CaFCP 

 

 

Table 3: Number of passenger FCVs in operation in California* [63] 

 
 

 

 

Table 4: Expected number of FCVs operating in South California communities [63] 

  
 

 

 

Table 5: expected number of FCVs and FCBs and their daily hydrogen demand [63] 

     

 
 
 
Table 6: Different types of current and planned HRSs California [63] 
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Appendix B: Interview Questions for the NEN interview 

The NEN has launched a Dutch Standardization Commission working group entitled 310 197 
“hydrogen and Fuel Cells”. This standardization commission follows the latest developments in the 
ISO/TC 197 “Hydrogen technologies” and the developments in the IEC/TC 105 “Fuel Cell 
Technologies”. Very recently SenterNovem assigned NEN with the responsibility of developing a 
practical guideline for hydrogen refueling stations in the Netherlands (NPR), followed by the 
(possible) construction of a Publikatiereeks Gevaarlijke Stoffen (PGS).  
 
At NEN I spoke to Jarno Dakhorst and Marjan Wesselingh. Jarno is/was carrying the responsibility for 
the NPR project and Marjan will carry the responsibility for the NPR and PGS project as well. The 
location of the interview was at the NEN office in Delft. Below you will find the list of questions and 
issues we talked about. 
 
Question List: 
 

1. Who are you and what are your main working activities at NEN? 
2. What kind of standardization work is NEN doing for hydrogen and fuel cells? 
3. The NPR project has started at the beginning of this year. Can you tell me some of the 

characteristics of the NPR and what the main objectives are for constructing the NPR? 
4. What type of organizations can make use of the NPR and when will the project be finished? 
5. The NPR is a document which is specifically designed for the Dutch situation (e.g. permitting 

procedures for refueling stations). One of the main goals of the Dutch government is to create 
an international recognized hydrogen region between the Netherlands, Flanders and Nordrhein 
Westfalen. Have you thought of the possibility of expanding the NPR in such a way that it is 
also applicable in these regions? 

6. I can imagine that the construction of the NPR needs empirical support to match to real life 
situations. Are you going to conduct case studies in order to test the applicability of the NPR 
in real life conditions? Suggestion: the Fuel Cell Boat project? 

7. There are some rumors about the need for constructing an PGS for hydrogen. Can you tell me, 
what are the main characteristics of PGSes and what are the main objectives of constructing 
one? 

8. When do you think the (possible) construction of a PGS will start or when do you think it is 
useful of having one? 

9. Is it true that, and if so in what way will the (possible) PGS for hydrogen be linked to the 
existing PGS for LPG? 

10. To what degree are the NPR and the PGS dependent on technological maturity? 
11. I can imagine that the NPR and a (possible) PGS need updating procedures periodically 

because of (incremental) changes in the technology. Who is going to perform the 
monitoring/updating procedures? Is it the responsibility of NEN? 

12. To what extent are the NPR and a (possible) PGS linked to documents like the Handbook for 
the approval of Hydrogen Refueling Stations (HyApproval)? 

13. At the fire department of Amsterdam-Amstelland there is (almost finished) a safety guideline 
for how to act in case of emergency situations with hydrogen applications. It is a guideline 
which can be used by many parties connected with hydrogen. An important aspect of the NPR 
and the PGS is safety. Is there any link to the safety guideline constructed at the Amsterdam 
fire department? 

14. How important are the market circumstances for the progress of the NPR and the PGS? And, 
how important is the political support? 
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Appendix C: Full description of (implemented and planned) incentives US 

Financial incentives 

Accelerated depreciation. A general support mechanism in the US is the tax incentive in the form of 
accelerated depreciation. For this support mechanism the US uses the Modified Accelerated Cost 
Recovery System (MACRS). Under the MACRS certain assets are divided into classes which dictate 
the number of years over which an asset’s cost will be recovered. Solar, wind and geothermal 
properties are able to use MACRS, and with the Energy Policy Act 2005 also fuel cells, micro turbines 
and solar hybrid lighting technologies are now classified as 5-year property. The MACRS system 
allows capital to be depreciated on an accelerated schedule.  This means that the owner is allowed 
to take more tax deductions earlier in the depreciation  period. An accelerated depreciation rate 
means that the net present value of the cost is  reduced. The MACRS system is a tool that supports 
investments in hydrogen in a general way.  

EPAct 2005. This policy act provides policy incentives for hydrogen as well as all other energy 
sectors (oil, gas, coal, biomass, nuclear, etc.). Below a summary is provided of the impact of the US 
Energy Policy Act 2005 for hydrogen for transport options. The EPAct 2005 distinguishes the 
following national financial support measures: R&D subsidies, for all parts of the hydrogen chain with 
a total budget of $160 million in 2005 rising to a total budget of $250 million in 2010. Demonstration 
subsidies for: vehicle demonstration (at 30 dispersed locations, i.e. in California) with a project 
subsidy limited to $15 million (total budget of $200 million), but a 50% cost share for five years, 25 
fuel cell transit buses (in 5 dispersed locations, i.e. in California) with $10 million  per year (2006-
1010), fuel Cell School bus demonstration with a non-federal share of 20% infrastructure and 50% of 
the vehicles (total budget $25 million for 2006-2009). Public procurement regulations (obligation), 
requiring federal fleets to begin leasing or purchasing fuel cell vehicles no later than 2010. The total 
budgets are $15 million for 2008 rising to $65 million in 2010. Tax credits for: tax payers who placed 
a fuel cell vehicle in service from 2009. The amount depends on the weight ($8000-$40000), 
organizations building alternative fueled properties, equal to 30% of the cost up to $30000 for business 
properties and $1000 for residential refueling equipment. 

Alternative Fuel Incentive Development. Expired: 06/30/2009. The California Air Resources Board 
and California Energy Commission developed the Alternative Fuel Incentive Program to allocate $25 
million in incentives to promote the use and production of alternative fuels. Eligible projects include 
projects in California that promote high efficiency, high mileage, alternative fuel light-, medium-, and 
heavy-duty vehicles, for individual and public fleets. Incentives are available to replace the current 
state vehicle fleet with clean, high mileage alternative fuel vehicles and for the construction of 
publicly accessible retail alternative fueling stations and fleet fueling facilities, including E85. 
Incentives are also available for alternative fuel production in California and funding for research, 
development, and testing of alternative fuels and advancing vehicle technology. 

Alternative Fuel Vehicle (AFV) Rebate Program. Expired: 04/30/2009. The Fueling Alternatives 
vehicle rebate program is funded by the California Air Resources Board and provides grants of up to 
$5,000 to consumers who purchase or lease eligible zero emission vehicles (ZEVs), plug-in hybrid 
electric vehicles, and AFVs between May 24, 2007, and April 30, 2009. For the purposes of this 
program, ZEVs include full function battery electric vehicles, hydrogen fuel cell vehicles, low-speed 
or neighborhood electric vehicles, and zero emission motorcycles.  

Alternative Technology Vehicle (ATV) Manufacturing Incentives. Through the Advanced 
Technology Vehicles Manufacturing Loan Program, manufacturers of ATVs and components for such 
vehicles may be eligible for direct loans for up to 30% of the cost of re-equipping, expanding, or 
establishing manufacturing facilities in the U.S. used to produce qualified ATVs or ATV components. 
Qualified ATVs must be light-duty vehicles that meet specified federal emission standards and fuel 
economy requirements. Qualified components must be designed for ATVs and installed for the 
purpose of meeting ATV performance requirements, as determined by the U.S. Department of Energy. 
(Reference Public Law 110-140, Section 136) 
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Improved Energy Technology Loans. The U.S. Department of Energy (DOE) provides loan 
guarantees through the Loan Guarantee Program (Program) to eligible projects that reduce air 
pollution and greenhouse gases, and support early commercial use of advanced technologies, including 
biofuels and alternative fuel vehicles. The Program is not intended for research and development 
projects. DOE may issue loan guarantees for up to 100% of the amount of the loan for an eligible 
project. For loan guarantees of over 80%, the loan must be issued and funded by the Treasury 
Department's Federal Financing Bank. (Reference 42 US Code 16513) 

Renewable Energy Systems and Energy Efficiency Improvements Grant. Competitive grant funding 
and guaranteed loans are available from the U.S. Department of Agriculture Office of Rural 
Development's Section 9006 Energy Program for the purchase of renewable energy systems and 
energy improvements for agricultural producers and small rural businesses. Qualified projects must 
occur in a rural area and implement technology that is pre-commercial or commercially available and 
replicable. Research and development does not qualify. Applicants must provide at least 75% of 
eligible project costs, and grant assistance to a single individual or entity may not exceed $750,000. 
Eligible projects include biofuels, hydrogen, and energy efficiency improvements, as well as solar, 
geothermal, and wind. The Section 9006 Energy Program has not been funded for Fiscal Year 2008. 
(Reference 7 US Code 8106) 

Vehicle Incremental Cost Allocation. The U.S. General Services Administration (GSA) is required to 
allocate the incremental cost of purchasing alternative fuel vehicles across the entire fleet of vehicles 
distributed by GSA. This mandate also applies to other federal agencies that procure vehicles for 
federal fleets. (Reference 42 US Code 13212 (c)) 

Freedomcar. With a budget of $700 million this project is aiming at the development of emission and 
petroleum-free cars and light trucks and the infrastructure to support them. The partnership focuses on 
the high-risk research needed to develop the necessary technologies, such as fuel cells and advanced 
hybrid and propulsion systems. 

Alternative Fuel Tax Exemption. Alternative fuels used in a manner that the Internal Revenue Service 
(IRS) deems as nontaxable are exempt from federal fuel taxes. Common nontaxable uses in a motor 
vehicle are: on a farm for farming purposes; in certain intercity and local buses; in a school bus; 
exclusive use by a nonprofit educational organization; and exclusive use by a state, political 
subdivision of a state, or the District of Columbia. This exemption is not available to tax exempt 
entities that are not liable for excise taxes on transportation fuel. 

Alternative Fuel Excise Tax Credit. A tax incentive is available for alternative fuel that is sold for use 
or used as a fuel to operate a motor vehicle. A tax credit in the amount of $0.50 per gallon is available 
for the following alternative fuels: compressed natural gas (based on 121 cubic feet), liquefied natural 
gas, liquefied petroleum gas, liquefied hydrogen, P-Series fuel, liquid fuel derived from coal through 
the Fischer-Tropsch process, and compressed or liquefied gas derived from biomass. For an entity to 
be eligible to claim the credit they must be liable for reporting and paying the federal excise tax on the 
sale or use of the fuel in a motor vehicle. Tax exempt entities such as state and local governments that 
dispense qualified fuel from an on-site fueling station for use in vehicles qualify for the incentive. 
Eligible entities must be registered with the Internal Revenue Service (IRS). The incentive must first 
be taken as a credit against the entity’s alternative fuel tax liability; any excess over this fuel tax 
liability may be claimed as a direct payment from the IRS. The tax credit is not allowed if an incentive 
for the same alternative fuel is also determined under the rules for the ethanol or biodiesel tax credits. 
Under current law, this incentive expires December 31, 2009, except in the case of the credit for 
liquefied hydrogen, which expires September 30, 2014 

Alternative Fuel Infrastructure Tax Credit. A tax credit is available for the cost of installing 
alternative fueling equipment placed into service after December 31, 2005. Qualified alternative fuels 
are natural gas, liquefied petroleum gas, hydrogen, electricity, E85, or diesel fuel blends containing a 
minimum of 20% biodiesel. The credit amount is up to 30% of the cost, not to exceed $30,000, for 
equipment placed into service before January 1, 2009. The credit amount is up to 50% not to exceed 
$50,000, for equipment placed into service on or after January 1, 2009. Fueling station owners who 
install qualified equipment at multiple sites are allowed to use the credit towards each location. 
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Consumers who purchase residential fueling equipment may receive a tax credit of up to $1,000, 
which increases to $2,000 for equipment placed into service after December 31, 2008. The maximum 
credit amount for hydrogen fueling equipment placed into service after December 31, 2008, and before 
January 1, 2015, is $200,000. The credit expires December 31, 2010, for all other eligible fuel types 

Alternative Fuel Mixture Excise Tax Credit. An alternative fuel blender that is registered with the 
Internal Revenue Service (IRS) may be eligible for a tax incentive on the sale or use of the alternative 
fuel blend (mixture) for use as a fuel in the blender’s trade or business. The credit is in the amount of 
$0.50 per gallon of alternative fuel used to produce a mixture containing at least 0.1% gasoline, diesel, 
or kerosene. Qualified alternative fuels are: compressed natural gas (based on 121 cubic feet), 
liquefied natural gas, liquefied petroleum gas, liquefied hydrogen, P-Series fuel, liquid fuel derived 
from coal through the Fischer-Tropsch process, and compressed or liquefied gas derived from 
biomass. The incentive must first be taken as a credit against the blender’s alternative fuel tax liability; 
any excess over this fuel tax liability may be claimed as a direct payment from the IRS. The tax credit 
is not allowed if an incentive for the same alternative fuel is also determined under the rules for the 
ethanol or biodiesel tax credits. Under current law, this incentive expires December 31, 2009, except 
in the case of the credit for liquefied hydrogen, which expires September 30, 2014. 

Fuel Cell Motor Vehicle Tax Credit. A tax credit of up to $8,000 is available for the purchase of 
qualified light-duty fuel cell vehicles. After December 31, 2009, the credit is reduced to $4,000. Tax 
credits are also available for medium- and heavy-duty fuel cell vehicles; credit amounts are based on 
vehicle weight. Vehicle manufacturers must follow the procedures as published in Notice 2008-33 in 
order to certify to the Internal Revenue Service that a vehicle meets certain requirements to claim the 
fuel cell vehicle credit. Notice 2008-33 also provides guidance to taxpayers about claiming the credit. 

Qualified Alternative Fuel Motor Vehicle (QAFMV) Tax Credit. A tax credit is available toward the 
purchase of QAFMVs, which may be either new, original equipment manufacturer vehicles or 
vehicles that have been repowered by an aftermarket conversion company to operate on an alternative 
fuel. Qualifying alternative fuels are those powered by natural gas, liquefied petroleum gas, hydrogen, 
and fuel containing at least 85% methanol. The vehicle must be placed in service as an alternative fuel 
vehicle on or after January 1, 2006. Vehicle manufacturers must follow the procedures as published in 
Notice 2006-54 in order to certify to the Internal Revenue Service (IRS) that a vehicle meets the 
requirements to claim the QAFMV credit and confirm the allowable credit with respect to that vehicle. 
This tax credit expires December 31, 2010 

Alternative Fuel and Vehicle Research and Development Incentives. The Alternative and Renewable 
Fuel and Vehicle Technology Program (Program), administered by the California Energy 
Commission, aims to increase the use of alternative and renewable fuels and innovative technologies. 
The Program provides grants and loans for projects that: develop and improve alternative and 
renewable low-carbon fuels; optimize alternative and renewable fuels for existing and developing 
engine technologies; produce alternative and renewable low-carbon fuels in California; decrease the 
overall impact of an alternative and renewable fuel's life-cycle carbon footprint and increase 
sustainability; expand fuel infrastructure, fueling stations, and equipment; improve light-, medium-, 
and heavy-duty vehicle technologies; expand infrastructure connected with existing fleets, public 
transit, and transportation corridors; and establish workforce training programs, conduct public 
education and promotion, and create technology centers. (Reference Assembly Bill 109, 2008, and 
California Health and Safety Code 44270-44274.7)  

Emissions Reductions Grants. The Carl Moyer Memorial Air Quality Standards Attainment Program 
provides incentive-based funding for the incremental cost of purchasing cleaner than required engines 
and equipment. Eligible projects include heavy-duty fleet modernization, light-duty vehicle 
replacements and retrofits, idle reduction, and the purchase of cleaner off-road vehicles and 
equipment. The Carl Moyer Program provides funds for significant near-term reductions in nitrogen 
oxide emissions, reactive organic gases, and particulate matter emissions 

Alternative Fuel Vehicle (AFV) and Fueling Infrastructure Grants. The Assembly Bill (AB) 2766 
Motor Vehicle Registration Fee Program provides funding for projects that reduce air pollution from 
on- and off-road vehicles. Eligible projects include purchasing AFVs and developing infrastructure. 
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Lower-Emission School Bus Grants. The Lower Emission School Bus Program provides grant 
funding for the replacement of older school buses and for the purchase of air pollution control 
equipment for in-use buses. Air pollution control devices must be verified by the California Air 
Resources Board to reduce particulate matter emissions by at least 85% for each retrofitted school bus. 
Public school districts in California, that own their own buses, are eligible to receive funding. Private 
school transportation providers that contract with public school districts in California to provide 
transportation services are also eligible to receive funding for the retrofit of in-use buses. New buses 
purchased to replace older buses may be fueled by diesel or an alternative fuel, provided that the 
required emissions standards specified in the current Lower-Emissions School Bus Program 
Guidelines are met. Commercially available hybrid school buses may be partially eligible for funding. 

Alternative Fuel and Advanced Technology Research and Development. The Innovative Clean Air 
Technologies (ICAT) Program was developed by the California Air Resources Board (ARB) and co-
funds demonstration projects of innovative technologies that will improve emission prevention or 
control while promoting new industries and jobs in California. Proposals related to current ARB 
programs, such as developing alternatives to diesel fuel and diesel engines, increasing efficiency of 
zero-emission vehicles, and developing fuel cells and hydrogen technology, are of particular interest. 

Regulations 

Alternative Fuel and Advanced Vehicle Procurement Requirements. When awarding a vehicle 
procurement contract, every city, county, and special district, including school and community college 
districts, is authorized to require that 75% of the passenger cars and/or light-duty trucks acquired be 
energy-efficient vehicles. By definition, this includes hybrid electric vehicles or alternative fuel 
vehicles that meet California's advanced technology partial zero emission vehicle (AT PZEV) 
standards. Vehicle procurement contracts are also authorized to evaluate fuel economy and life-cycle 
factors. (Reference California Public Resources Code 25725-25726)  

GHG emission standards (state level). In 2004 the California Air Resources Board approved 
regulations to control greenhouse gas emissions for new vehicles beginning with the 2009 model year. 
The regulation sets a declining fleet average standard, with other standards for lighter and heavier 
vehicle fleets depending in the average annual California sales. Compliance to the regulation includes 
credit generation. Non-compliance means that for every vehicle a fine of $5000 has to be paid. The 
incentive is not particularly aimed at hydrogen-vehicles. Also other alternative fueled vehicles such as 
electric or natural gas) may get support from this incentive. 

Zero-emission vehicle (ZEV) standards (state level). On top of the GHG emission standards 
regulations has been introduced for a minimum sales share for zero emission vehicles. A distinction is 
made between large, medium and small volume manufacturers. The minimum zero emission vehicles 
required for each manufacturer as the percentage of the passenger cars and light-duty trucks is varying 
from 10% for 2005-2008, to 11% for 2009-2011, to 12% for 2012-2014, to 14% for 2015-2017. 
The ZEV passenger cars generate credits which can be traded. Credits generated by FCV in  one 
state that adopted the regulation may be counted in all the other states as well. Vehicles  that are 
demonstrated in California may earn credits even if it is not delivered for sale. The  manufacturer 
must show that the vehicle will be used in California for more than 50% in the  first year. If a car 
manufacturer does not comply the regulation, for the number of vehicles  not meeting the 
regulation a $5000 fine has to be paid.  

Alternative Fuel Vehicle (AFV) License Fee. Expired: 01/01/2009. In order to equalize the vehicle 
license fee between AFVs and conventional fuel vehicles, the incremental cost of purchasing an AFV 
is exempt from the vehicle license fee (of 2%) when the costs are more than the most comparable 
conventional fuel vehicle, as determined by the California Energy Commission. This reduction applies 
to new, light-duty AFVs that are certified to meet or exceed Ultra Low Emission Vehicle standards. 
This program expires January 1, 2009. (Reference California Revenue and Taxation Code 10759.5) 

High Occupancy Vehicle (HOV) Lane Exemption. Qualified compressed natural gas, hydrogen, and 
electric vehicles meeting specified California and federal emissions standards may use HOV lanes 
regardless of the number of occupants in the vehicle. Qualified hybrid electric vehicles (HEV) are also 
exempt from HOV lane restrictions. Vehicles must be affixed with a Clean Air Vehicle sticker issued 
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by the California Department of Motor Vehicles, which expire January 1, 2011. A limited number of 
Clean Air Vehicle stickers are available. Drivers of qualified HEVs registered to an address in the 
nine-county San Francisco Bay region must also obtain a Bay Area FasTrak account before using 
HOV lanes. For more information about qualified vehicles, see the California Air Resources Board’s 
Carpool Lane Use Stickers Web site. (Reference Assembly Bill 1209, 2008) 

Corporate Average Fuel Economy (CAFE). CAFE is the sales weighted average fuel economy, 
expressed in miles per gallon, of a manufacturer's fleet of passenger cars or light trucks with a gross 
vehicle weight rating of up to 8,500 pounds manufactured for sale in the U.S. for any given model 
year. The National Highway Traffic Safety Administration (NHTSA) is responsible for establishing, 
amending, and enforcing the CAFE standards, and the U.S. Environmental Protection Agency is 
responsible for calculating the average fuel economy for each manufacturer. Manufacturers are 
encouraged to produce vehicles capable of operating on alternative fuels and may receive credits 
toward average fuel economy for every alternative fuel vehicle produced through 2010. 

Other Support measures 

Clean Vehicle Parking Incentive - Los Angeles. Expired: 02/28/2009. Los Angeles allows free meter 
parking for Zero Emission Vehicles and Super Ultra Low Emission Vehicles, including alternative 
fuel vehicles powered by electricity, compressed natural gas, and hydrogen. Specified hybrid electric 
vehicles are also eligible. To qualify, the vehicle must display a California Clean Air Vehicle Decal 
from the California Department of Motor Vehicles. All other parking restrictions, including posted 
time limits, street cleaning limitations, and peak hour tow away periods, must be obeyed. 

State Alternative Fuels Plan. Expired: 12/05/2007. The California Energy Commission, in 
partnership with the California Air Resources Board, prepared the State Alternative Fuels Plan as 
required by Assembly Bill 1007. The Final Commission Report was adopted on December 5, 2007. 
(Reference California Health and Safety Code Section 43866)  

Air Pollution Control Program. The Air Pollution Control Program assists state, local, and tribal 
agencies in planning, developing, establishing, improving, and maintaining adequate programs for 
prevention and control of air pollution or implementation of national air quality standards. Plans may 
emphasize alternative fuels, vehicle maintenance, and transportation choices to reduce vehicle miles 
traveled. Eligible applicants may receive federal funding for up to 60% of project costs to implement 
their plans. (Reference 42 US Code 7405)  

Clean Fuels Grant Program. The Clean Fuels Grant Program assists designated ozone and carbon 
monoxide air quality nonattainment and maintenance areas in achieving or maintaining the National 
Ambient Air Quality Standards through grant funding. The program accelerates the deployment of 
advanced bus technologies by supporting the use of low-emission vehicles in transit fleets. The 
program assists transit agencies in purchasing low-emission buses and related equipment, constructing 
alternative fuel stations, modifying garage facilities to accommodate clean fuel vehicles, and assisting 
with the use of biodiesel. 

National Fuel Cell Bus Technology Development Program (NFCBP). The goal of the NFCBP is to 
facilitate the development of commercially viable fuel cell bus technologies and related infrastructure 
with funding awarded through a competitive grant process. Priority consideration is given to 
applicants that have successfully managed advanced transportation technology projects, including 
projects related to hydrogen and fuel cell public transportation operations, for a period of at least five 
years. A minimum 50% non-federal cost share is required. 

Hydrogen Energy Plan. California’s 21 interstate freeways are designated as the "California 
Hydrogen Highway Network," and the state is committed to working with legislators, energy 
providers, automakers, and others to achieve the following by 2010: 1) Build a network of hydrogen 
fueling stations; 2) ensure that hydrogen vehicles are commercially available for purchase; 3) 
incorporate hydrogen vehicles into the state fleet; 4) develop safety standards for hydrogen fueling 
stations and vehicles; and 5) establish incentives to encourage the use of hydrogen vehicles and 
encourage the development of renewable sources of energy for hydrogen production. For more 
information, see California Hydrogen Highway Website (Reference: Executive Order S-7-04, 2004)++ 

 


