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FOREWORD 

 

 

Progress in the development and widespread introduction of alternative fuel vehicles (electric-, 

hydrogen- and biofuel-driven vehicles) has so far been very slow, despite their potential role in 

reducing greenhouse gas emissions and local air pollution.  Among the many reasons for the 

slow uptake is the lack of infrastructure for such vehicles.  Roll-out of recharging facilities, 

hydrogen filling stations and large-scale biofuel provision has generally been hesitant in most 

countries.  Key in the slow roll-out of infrastructure has been a lack of co-ordination and co-

operation among the many players involved in the supply chain, and the “chicken-and-egg” 

phenomenon inherent in investment decisions: sales of alternative fuel vehicles cannot expand 

significantly until adequate infrastructure is in place, while sufficient infrastructure is unlikely to 

be put in place until vehicle sales reach satisfactory levels.  

In order to gain a better understanding of these issues, the OECD’s International Futures 

Programme (IFP) organised a workshop end-November 2012 on “Developing Infrastructure for 

Alternative Transport Fuels and Power-trains to 2020/2030/2050 : A cross country assessment 

of early stages of implementation “.   This was a continuation of the IFP’s long-standing work on 

global infrastructures, and an extension of the valuable work on alternative fuels performed in 

this area by the International Energy Agency (IEA) and the OECD’s International Transport 

Forum (ITF), both of whom partnered with the IFP in conducting this workshop, as well as 

earlier OECD work on the “Green Car”. 

Thanks go to Oliver Wyman, Transnova, and members of the IFP Futures Network, who 

provided funding for the workshop.  Thanks go also to all the authors of the background papers 

prepared for the workshop and listed in the References at the end of the report.  Ole Birkelund 

provided excellent research support in the scoping and preparatory stages of the workshop, 

and Genta Sasaki delivered valuable inputs on the alternative-fuels situation in Japan.  Anita 

Gibson performed an outstanding job on the organisational aspects of the workshop and the 

logistics.  Barrie Stevens and Pierre-Alain Schieb were responsible for the design, 

implementation and management of the project. 
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Acronyms 

ADEME      Agence de l ‘Environnement et de la Maîtrise de l ‘Energie, (France) 

AFV            Alternative Fuel Vehicle 

BEV            Battery-driven Electric Vehicle 

CaFCP        California Fuel Cell Partnership 

CEP            Clean Energy Partnership 

EV              Electric Vehicle 

FCEV          Fuel Cell Electric Vehicle  

GHG           Greenhouse Gas Emissions 

HRS            Hydrogen Refilling Station 

ICE             Internal Combustion Engine 

IEA             International Energy Agency 

IEA/ETP     IEA Energy Technology Perspectives 

IFP             OECD International Futures Programme 

ITF             International Transport Forum 

MEDDTL Ministère de l’Écologie, du Développement durable, des Transports et du                 

Logement) (France) 

METI        Ministry for Economy, Trade and Industry (Japan) 

OEM        Original Equipment Manufacturer 

PHEV        Plug-in Electric Hybrid Vehicle 

PHV          Plug-in Hybrid Vehicle 

STI            OECD Directorate for Science Technology and Industry 

TOC         Total Cost of Ownership 
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1. Introduction 
 

The transport sector is the second largest and second fastest growing source of green house gas 

emissions (GHG) after energy industries.  It accounts for around one quarter of global CO2 

emissions from fossil fuel combustion. Road transport alone accounts for about one fifth of 

emissions, the bulk of which stem from light-duty vehicles.  Looking forward, the OECD 

Environmental Outlook 2050 estimates that transport-related CO2 emissions could double 

between 2010 and 2050. 

 

Alternative zero-emission (at the tail-pipe) transport fuels can potentially make a very 

significant contribution to reducing GHG emissions and air pollution.   

 

However, progress in the development and more widespread introduction of alternative 

transport fuels has been markedly slow so far. High costs relative to fossil fuels, technological 

problems and public acceptance are among the main obstacles today; and, there is 

considerable uncertainty as to how cost structures, technological progress and public 

perceptions might evolve in the coming years.  

 

An important additional dimension is the difficulties that have been encountered in most 

countries in setting up the infrastructure required to support the widespread introduction of 

alternative fuel vehicles (AFVs).  Battery-driven electric vehicles (BEVs) and transport modes 

using hydrogen or biofuels require dedicated infrastructure, most of which does not yet exist. 

There is today a better sense of what is required technically to put the infrastructure in place, 

what the costs are likely to be, and what levels of investment are likely to be required.  But 

importantly, there is considerable divergence among the various actors along the infrastructure 

value chain as to what their respective roles should be, who should finance the infrastructure, 

and who should take the lead.  In particular, there are issues, for example, with respect to 

pricing, regulation, risk-bearing, government support and guarantees, scaling-up, security, and 

also technical obstacles.   

 

The OECD’s International Futures Programme (IFP) wished to create an opportunity for 

interested parties to learn and compare how countries around the world have attempted to 

align these different stakeholder interests in setting up infrastructure for alternative transport 

fuels; to explore examples of good practice; and examine the role played by government. 

It was with this in mind that the IFP – in collaboration with the International Energy Agency 

(IEA) and the International Transport Forum (ITF) – organised a workshop on 30th November 
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2012. It brought together 32 participants, including 24 experts from 13 countries, as well as in-

house experts from the IFP/IEA/ITF organisers (see Annex 1). The work was supported by 

financial contributions from Oliver Wyman, Transnova, and members of the IFP network.  

The aim of the workshop was to organize an exchange of experience among countries 

concerning their efforts to introduce infrastructure for alternative (potentially net zero-

emission) transport fuels: hydrogen, electricity and biofuels. In particular, to discuss countries’ 

successes and failures in aligning the different interests of the various stakeholders involved in 

the creation and operation of such infrastructures, notably utilities, energy companies, vehicle 

manufacturers, suppliers, and regulators etc. And to identify policy options for governments to 

support the more rapid development and widespread introduction of infrastructure for 

alternative fuels.  The workshop was designed specifically to try to capture similarities and 

differences among all three types of alternative fuels and their infrastructures, and to 

emphasize the importance of taking a systemic view of AFV infrastructure financing and 

deployment. 

The morning session of this one-day event focused on the current and future infrastructure for 

i) hydrogen, ii) battery-driven electric vehicles, iii) biofuels.  Each section was introduced by two 

or three brief presentations based on papers specially prepared for and distributed ahead of 

the meeting. Participants were invited to comment and/or add the experience of their own 

country to the general discussion.  The afternoon session turned around options for policy 

action, with a focus on new business models and “de-risking” strategies.   

The planned outputs from the workshop include the expert papers commissioned and prepared 

for the meeting, as well as a short synthesis report, prepared by IFP, drawing on the scenario 

presentations, the commissioned papers, and the workshop discussions. 

The present document is the synthesis report. The companion papers prepared for the 

workshop are included in the references at the end of the report.  These will be made available 

on the OECD/STI/IFP website – www.oecd.org/sti/futures. 

 

2. The overall context 
 

According to the OECD Environmental Outlook to 2050, released in March 2012, without new 

policy action the world economy is projected to use 80% more energy in 2050 than today. 

Moreover the global energy mix would largely resemble that of today, with fossil fuels 

accounting for 85% and renewables (including biofuels) around 10%.  As a result, global GHG 

emissions would rise by 50%, CO2 emissions from energy use by 70%, and the global average 



7 
 

temperature by 3-6 degrees Celsius by the end of the century – way above the internationally 

agreed goal of limiting it to 2 degrees above pre-industrial levels.  

 

Transport emissions are projected to double between 2010 and 2050, driven in part by strongly 

increasing demand for cars in developing countries, but also by growth in aviation.   

 

Figure 1: Global CO2 emissions by source: Baseline, 1980-2050 

 

 

 

With urbanization rates, transport and industrial air emissions continuing to increase, urban air 

pollution is also expected to continue to worsen both in OECD countries and in emerging and 

developing economies.  The global number of premature deaths linked to airborne particulate 

matter is projected to more than double to 3.6 million per year.    

Alternative zero-emission (at the tail-pipe) transport fuels can potentially make a very 

significant contribution to reducing GHG emissions and air pollution.  For example, the BLUE 

Map/Shifts scenarios developed in the Energy Technology Perspectives report (IEA/ETP) 
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released by the IEA suggest that by 2050 the widespread introduction of alternative fuels and 

vehicle electricity could reduce transport-related emissions (GtCO2-eq) by more than half 

compared with baseline projections.  Indeed, under certain scenario conditions (see here for 

example the IEA’s scenario 2DS which describes an energy system consistent with an emissions 

trajectory that recent climate science research indicates would give an 80% chance of limiting 

average global temperature increase to 2 degrees C.), there could be as many as 500 million 

fuel cell electric vehicles (FCEVs) and up to 1.2 billion electric vehicles (EVs) on the road by 

2050.  This could entail investments in the order of 3 trillion USD for electric vehicle and 

hydrogen related infrastructures, with significant benefits in terms of sustainability, economic 

growth and job creation. 

 

Figure 2: FCEV and EV stock by 2050 (IEA) 
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Source:  IEA 

 

Many national projections have been optimistic about take-up of AFVs in the coming decades.  

However, several years on - and with world sales of for example EVs totalling only around 13 

million in 2011 - many of the projections now seem unduly optimistic.  For example, in 2009 

France’s MEDDTL (Ministère de l’Écologie, du Développement durable, des Transports et du 

Logement) was targeting 450 000 EVs by 2015, 2 million by 2020 and over 4 million by 2025. Yet 

towards the end of 2012 it was thought that only around 13 000-15 000 EVs were running on 

French roads (Lucchese, 2012).  Similarly in the United Kingdom, projections made by the 

department of transport in 2008 saw 4000 EVs by 2010, 600 000 by 2020 and 1.6 million by 

2030. Yet by the end of 2011 only some 1400 BEVs were registered in the UK.  CaFCP (2012) 

sees well over 50 000 FCEVs in circulation in California by 2018, yet had only about 300 such 
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vehicles on the road in 2012. Even countries with long experience in the development of AFVs 

have, as yet, only small numbers to show in some vehicle categories, often as a result of strong 

competition from other AFV types.  For example, Japan had only 9 000 BEVs in operation in 

2011, but had around 1.4 million hybrid electric vehicles on its roads (Japan Automobile 

Research Institute, 2012).  Less than 400 EVs were sold in Italy in 2012, but these face stiff 

competition from natural gas powered vehicles (Pede and Gianinoni, 2012). 

 

Numerous explanations have been advanced for the slow uptake of alternative fuel vehicles.  At 

a general level, one of the most important obstacles cited is what one might call “system 

inertia”, i.e. resistance to change among manufacturers, customers and other stakeholders; 

slow-changing  norms, habits and attitudes; and lack of consumer acceptance. Among the more 

specific obstacles identified are the high costs of AFVs relative to conventional internal 

combustion engines, barriers to entry for new technologies (for example the battery “range 

anxiety” issue, long charging time etc.), uncertainty surrounding future cost structures and 

technological progress,  as well as policy unpredictability and regulatory uncertainty.  

 

There is however an important additional impediment that has been observed, namely the 

problems that have been encountered in most countries in setting up the infrastructure 

required to support the roll-out of alternative transport fuels.  Battery-driven electric vehicles, 

hydrogen and biofuels require dedicated infrastructure, most of which does not yet exist.  From 

this has sprung the “chicken-and-egg” dilemma.  Without the requisite infrastructure in place, 

consumers will be wary of buying AFVs; without sufficient levels of consumer demand, there is 

little incentive to set up the infrastructure. Yet building infrastructure for refuelling or 

recharging purposes involves a (in some cases significant) upfront investment which may take 

many years to recuperate. This is a clear-cut case of first-mover disadvantage, which has a 

strong dissuasive influence on both potential car purchasers and would-be infrastructure 

providers. 

 

3. Infrastructure for alternative fuel vehicles: state of play and prospects 

 

In principle, there are two types of infrastructure for AFVs: the infrastructure supporting the 

industrial value chain (e.g. supply of gas, coal, oil etc. for power plants, or the production and 

transport of crops for biorefineries), and the infrastructure required to deliver the different 

fuels at the three levels  of generation, transmission and point of access/sales.  The workshop 

and this report deal primarily with the latter type of infrastructure. Good data on the entire 

industrial value chain infrastructure are generally not easily available or comparable. 

 

Countries contemplating the roll-out of AFV infrastructures need to grapple with a diverse 

range of issues many of which are related to the specificity of the new technology and the 
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nature of the “chicken-and-egg” dilemma outlined above.  For each of the alternative fuels 

considered here, they include the following: 

 

Table 1: Key questions in the deployment of recharging/refuelling infrastructures for AFVs 

 

EV recharging Hydrogen refuelling Biofuel refuelling 

Which infrastructure is 
needed: Slow home & slow 
public versus fast public or 
fast private recharging? 

How to finance upfront 
investment in hydrogen 
refuelling stations (including 
transport of H2O to the RHS) 
until viable utilization rates are 
reached? And delivery of 
hydrogen from plant to station? 

What kind of infrastructure 
will be required to produce, 
blend and distribute 
commercially viable 
advanced biofuels, including 
transport from refinery to 
distribution point and 
blending process? 

What are the costs and 
who pays? 

What are the costs and who 
pays? 

What are the costs and who 
pays? 

Who bears the risks? Who bears the risks? Who bears the risks? 

What are the effects of 
large scale EV recharging 
on the power grid? 

How to generate low-carbon 
hydrogen, and how to reduce 
infrastructure costs by using 
synergies, e.g. stationary uses, 
storage?  

How to secure adequate long 
term feedstock supplies for 
new and different types of 
refineries? 

When to introduce grid 
upgrades, smart grids and 
smart metering? 

When to scale up from on-site 
production or truck delivery to 
pipeline provision? 

When to add rail capacity, 
refit existing pipelines or 
construct new designated 
biofuel pipelines? 

 

These are all difficult issues and go some way to explaining the generally prudent, gradualist 

approach that countries have undertaken so far.  Common to all three alternative fuel 

infrastructure strands are of course the questions of cost, who should pay and who should bear 

the risk.  In addition, however, stakeholders in all three have to face up to the wider investment 

consequences of scaling up production and distribution as systems expand and become 

commercially more viable. 

 

A number of countries have made noteworthy progress in deploying infrastructure for 

alternative fuel vehicles, and have published plans - or at least have considered possible 

quantitative objectives – for expanding their AFV infrastructures.  The following tables provide 

an overview for several of the countries selected for coverage by the workshop.
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Table 2: Mapping progress in and future possibilities for deploying BEV infrastructure 

nationwide – selected country examples 

 

Country Type of 
charging 
station 

Estimated current 
number of charge 
points (different 
base years by 
country) 

Outlook 

United 
Kingdom 

Regular  2500 (PiP scheme); 
5000 (non-PiP) 

10 000 (by 2013) 

 Fast  Very few Very few unless major grid upgrade 

France Public 46 000 150 000 (by 2015); 600 000 (by 2020) 

 Private 30 000 230 000 (by 2015); 1.4 million (by 
2020) 

Norway Regular 
(public) 

3500 (1000 
stations) 

 

 Fast (public) 65 257 (covering 90% of population) 

Japan Regular (public 
and private) 

200 000 2 million AC chargers (by 2020) 

 Fast 1300 5000 DC chargers (by 2020) 

 

The table does not permit straightforward comparison across countries since these tend to use 

different categories and definitions of charging facilities.  But for some countries it does provide 

a sense of the scale of expansion that they might aspire to in the next ten years or so. 

With respect to infrastructure for FCEVs, numbers of hydrogen refilling stations are more easily 

comparable across countries. All four countries below clearly have scope for expansion. 

Table 3: Mapping progress in and future possibilities for deploying FCEV infrastructure 

nationwide – selected country examples 

Country Current number of hydrogen 
refuelling stations 

Outlook 

Germany 15 50 (by 2015); 1000 (by 2030) 

Norway 6 1100 (by 2040) 

Japan 11 100 (by 2015); 1000 (by 2025) 

United 
Kingdom 

12 65 (by 2015); 1150 (by 2030) 

 

However, that potential is unlikely to be fully realized unless the technological innovations 

associated with alternative fuel vehicles and their infrastructures can be matched by innovation 
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in business models that successfully integrate the dimension of economic risk and provide 

solutions to the chicken-and-egg dilemma.  

 

4. The need for new business models 

As Wells and Nieuwenhuis (2012) suggest, the business models both for vehicles and for the 

related infrastructure are beginning to change.  The core vehicle technology is starting to shift 

from the internal combustion engine to increasingly electrified power-trains, and from all-steel 

to increasingly lighter, multi-material structures. At the same time, the business model for the 

infrastructure related to alternative fuel vehicles is undergoing transformation as it involves 

elements largely absent from the traditional automobile infrastructure model:  electricity 

generation, hydrogen production (or, as the case may be, agricultural raw material suppliers for 

biofuels),  dedicated charging or refuelling facilities, smart grid operation, electronic support 

systems and so on.   

The upshot of this latter transformation is threefold: it introduces many more different actors 

into the infrastructure value chain; it changes the risk landscape for those actors; and it alters 

the parameters for addressing the economic risks and developing appropriate business models 

for the infrastructures. 

 

4.1:  Different actors 

In the case of electric vehicle infrastructure, the value chain encompasses for example: 

 Electricity generators 

 Electricity distributors 

 Battery manufacturers 

 Recharging equipment manufacturers 

 Battery manufacturers 

 Municipalities 

 Vehicle manufacturers and OEMs 

 Refuelling stations/supermarkets 

 Mobile charging services 

 IT companies 

 Regulators  
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In the case of hydrogen, the value chain includes for example: 

 Electricity generators 

 Electricity distributors 

 Hydrogen products and services suppliers 

 Refuelling equipment manufacturers 

 Municipalities 

 Vehicle manufacturers 

 OEMs 

 IT companies 

And in the case of biofuels, investment in the expansion of infrastructures involves inter alia: 

 Agricultural raw material suppliers 

 Auto manufacturers 

 Biofuel producers 

 Transportation companies/pipeline operators 

 Wholesale liquid fuel dealers 

 Transportation companies/pipeline operators 

 Refilling station owners 

 Regulators. 

Given this multiplicity of stakeholders and diversity of interests, co-ordination and consultation 

becomes a key ingredient of any successful roll-out of AFV infrastructure, but particularly of EVs 

and FCVs.  

Although the take-up of AFVs has generally been slower than desired, the workshop produced 

numerous examples of cases where such co-ordination of multiple stakeholder interests 

appeared to be bearing fruit. 

 In Germany, the National Innovation Programme (NIP) for hydrogen and fuel cell 

technology is running well over 100 R&D and demonstration projects as a public private 

partnership. Total funding of some 273 million euros comes from the Federal Ministry of 

Transport, Building and Urban Development (BVBS).  In 2009, representatives of major 

companies – automobile manufacturers, utilities, energy companies, producers of 

hydrogen products, engineering companies etc. – founded H2-Mobility with the aim of 

creating a nationwide infrastructure for hydrogen supply.  It is expected that 100 

hydrogen refueling stations will be operational by 2015, and 400 by 2020. (Bonhoff et 

al., 2012) 
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Figure 3: H2-Mobility – a common initiative for the establishment of a nation-wide HRS 

infrastructure 

 

 
Source: Bonhoff, K., Herbert, T. and Butsch, H.(2012), 50 Hydrogen refueling stations in 

Germany 

 

 The United Kingdom’s UKH2Mobility consortium brings together car manufacturers, 

parts suppliers, utilities, fuel retailers and energy companies as well as three 

government departments. It will be evaluating the potential for hydrogen transport in 

the UK, developing a business case, and elaborating an implementation plan. Its recently 

published report (2013) considers that a basic initial network of around 65 hydrogen 

recharging stations (HRS) will be required to encourage early adoption, whereby these 

refuelling stations will be focused on national trunk roads and heavily populated areas. 

(Davison, 2012) 

 Norway has seen its fleet of EVs and the number of public charging points and charging 

stations grow significantly in recent years.  Roll-out has evolved year by year to facilitate 

the market, with the state funding or co-funding investments but collaborating closely 

with private sector actors (including a coalition of 19 of the country ‘s largest electric 

utility companies) who own and operate the fast-charging stations. (Pütz et al, 2012) 

 In Japan, METI’s 2010 action plan includes an “EV/PHV town project” involving the 

selection of several towns as demonstration sites, and bringing together the 

government actors, municipal governments and local companies to enhance market 

penetration. (Teratani, 2012) On the hydrogen front, a new organization (The Research 
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Association of Hydrogen Supply/Utilization Technology (HySUT) involving 14 energy 

related companies and 4 auto companies are pursuing a number of demonstration 

projects, including a hydrogen pipeline in Kitakyusyu city built to supply hydrogen to 

houses, plants, and hydrogen stations (http://hysut.or.jp/en/projects/index.html). 

4.2:  The changing risk landscape for value chain actors 

The construction and operation of transport and energy infrastructures in general face 

particular challenges associated with a variety of different risks. These include amongst others 

the large size of many infrastructure projects, the long duration of planning and construction, 

the heavy upfront capital investment and long payback period, the uncertainties surrounding 

projections of customer demand, technological complexity, price volatility of inputs and 

outputs, and regulatory uncertainties. However, the development of alternative fuel vehicle 

infrastructures poses additional risks, some of them technological, others competition- or 

regulation-related.  Figure 4 describes some of these additional risks in more detail: 

Figure 4  

 

With respect to electric vehicles, from a planning perspective there is clearly an issue of 

charging complexity related to vehicle usage, the extent of public charging facilities versus 

http://hysut.or.jp/en/projects/index.html
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privately-owned stations at home and office, and the wide range of charging protocols on offer. 

These are coupled with uncertainties surrounding possible radical or disruptive innovations in 

charging technology (e.g. induction, wireless charging) and the stability of the power grid.  

(Franke and Smith-Bingham, 2012) 

The key challenge for hydrogen is that investments in the requisite infrastructure will have to 

be available up front, i.e. the infrastructure needs to be in place before fuel cell vehicles can be 

introduced on a large scale although economies of scale do weigh much more heavily in the 

development of hydrogen infrastructure. Small units are relatively expensive and low take-up 

rates by motorists pose a serious challenge. (Pütz et al, 2012) Thus the question arises as to 

which actor or actors are willing to bear the risk of bridging the (probably quite lengthy) time 

gap between infrastructure installation and large-scale utilization. 

Expanding biofuels infrastructure faces particular risks in the form of a changing, variable and 

uncertain regulatory context, as well as uncertainties pertaining to the broader energy, climate 

and environmental picture. As Rusco (2012) points out for the United States, biofuel production 

and use requirements vary across federal, state and local jurisdictions and could result in 

further “balkanization” of the liquid fuel markets. Also, different feedstocks and production 

processes carry different implications in terms of life-cycle use of fresh water supplies, air 

pollution, land use and greenhouse gas (GHG) emissions, potentially exposing biofuel 

production to policy changes within these broader issue areas.  Using higher blends of ethanol 

will require significant changes in the vehicle fleet, for example flexifuel equipment (at least in 

the US).  Also, higher blends can only be expected to meet with consumer acceptance if the 

prices of different blends adequately reflect their energy density, thereby fostering greater, 

more transparent competitive conditions.  And as for the shippers of biofuels, any significant 

scaling up of biofuel production and use would require expansion of rail capacity or dedicated 

pipelines, which is unlikely to happen in conditions of continuing uncertainty. 

 

4.3:  Addressing the economic risks and developing appropriate business models 

Broadly speaking, there are four approaches to tackling the economic risks associated with the 

development of AFV infrastructures:  risk reduction; risk sharing; risk transfer; risk retention. 

Both government and industry have a role to play here. 
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a) Risk reduction 

Governments and industry can pull many different levers to reduce the risks inherent in AFV 

infrastructure development.  Long-term strategies, for example in the shape of credible, 

detailed road maps - drawn up ideally by government in conjunction with industry - can help to 

persuade customers and actors in the value chain that potential problems are being identified 

and addressed and that there is public and private sector commitment to the venture. This in 

turn can help alleviate some of the doubts about the feasibility of large-scale rollout.  Similarly, 

government and industry can demonstrate commitment to reduce regulatory uncertainty 

through consistency in long-term policy frameworks and concerted efforts to establish technical 

and regulatory standards and enhance interoperability. Governments can also help reduce risk 

indirectly by creating incentives to stimulate market demand for alternative fuel vehicles 

through the introduction of grants, subsidies or tax breaks of the kind to be found for example 

in the United Kingdom (PICG - plug-in car grants), France (grants for BEV and PHEV), 

Scandinavia (breaks on sales tax and energy tax) and Japan (purchase promotion system 

providing financial support for EV purchase and charging equipment)  or through public 

procurement schemes. Subsidised biofuel prices are a further incentive in some countries. 

b) Risk sharing 

Risk sharing between government (state and local) and industry can take various forms.  At its 

most comprehensive, perhaps, this may be a Public Private Partnership. The arrangements 

currently in place in Germany for establishing a network of hydrogen refilling stations (Bonhoff 

et al, 2012) and the arrangements envisaged in the UKH2Mobility consortium in the United 

Kingdom are useful illustrations of this.  Sharing the economic risks can also be implemented in 

a more targeted fashion.  In France, for example, it is increasingly acknowledged that, given the 

level of infrastructure costs, it is difficult to put the burden of financing a public infrastructure 

onto the end user. The “Ville de demain” project run by the French environmental and energy 

agency ADEME covers 50% of costs for normal and fast charging points for BEVs and 30% of 

costs for rapid charge points, provided these are publicly available. (Lucchese, 2012) In Norway, 

government co-funding of the charging infrastructure network foresees up to 45% of the cost of 

a fast charger. In the United Kingdom the 30 million pound Plugged-in Places scheme provides 

matched funding for recharging infrastructure to local consortia consisting of businesses and 

other public partners (Davison, 2012).  

c) Risk transfer 

Transferring the economic risk of AFV infrastructure development to a third party is a strategy 

employed within certain segments of the value chain.  This is the case for example where raw 

materials are an important part of the production process and commodity price hedging can be 

used, or where insurance can be taken out to reduce the risk to key assets(e.g. supply chain 
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risks for new business models caused by catastrophic weather events).  It may however involve 

the wholesale transfer of the economic risk from government to industry. For the moment, this 

remains largely a medium- to long-term expectation. For example, the German  H2 mobility 

scheme aims at eventually terminating the public funding as a self-sustaining business for 

hydrogen refueling stations - HRS (including the investments required for the hydrogen supply - 

first by truck, then possibly by pipeline)  emerges after 2018/2022. (Bonhoff et al, 2012) In 

Norway, private companies – notably in the energy sector – are showing a strong interest in 

assuming responsibility for the ownership and operation of the fast charging infrastructure. The 

government however maintains a role – at least initially - by requiring a viable long-term 

business proposal from applicants as a condition for government approval of a contribution to 

the funding. (Pütz et al, 2012) 

d) Risk retention 

Keeping the economic risk of AFV infrastructure development would appear to be a strategy for 

industrial players.  One way is to take stakes at several points along the value chain.  This is the 

approach long since adopted for example by Air Liquide which offers the entire hydrogen 

supply chain from H2 production and storage to distribution and applications. General Electric 

is installing its own recharging stations to supply the many thousand electric vehicles it plans to 

purchase. Car hire companies (such as Hertz in London) are setting up their own networks of 

charging stations to supply their growing fleets of EVs. And European utilities are beginning to 

integrate downstream operations in infrastructure installation and management – for example, 

Alliander in The Netherlands.   (Wells and Nieuwenhuis, 2012) 

The above approach can be taken several steps further, whereby key segments of the value 

chain are integrated and the risks internalized.  The French “Autolib” system illustrates this 

strategy well: 

Autolib is run by the Bolloré Group, a family owned business with net sales of 8 billion € 

in 2011 and 34.500 employees in 110 countries.  Their main interest in electric cars stems 

from their expertise in batteries – lithium metal polymer (LMP) technology. Bolloré 

sought out an Italian company (CeComp) to develop a vehicle (the Bluecar) with which 

Bolloré won the Autolib tender in 2011. It was able to combine the vehicle and the 

charging stations with its in-house data management and automated interface terminal 

maker IER.  Autolib covers 47 municipalities in the Ile de France, with Paris at the centre. 

By mid-2012 it was operating 1740 Bluecars, 500 charging stations and employed 600 

people. By full rollout it will have 3000 cars and 1200 employees.  Each Autolib station 

has 4-6 spaces and a terminal for signing in.  The 47 municipalities pay 47 000 € per 

station as a subsidy, but Autolib acquit fee for the parking spaces which will pay back the 

subsidy by 2014, four years ahead of plan. Once profitable, profits will be shared with 

the local authorities. The total investment in the project so far, including cars, batteries 
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and infrastructure, is 1.7 billion €, which has come largely from Bolloré, with some 

additional financing from municipalities.  

What makes the Autolib business so interesting is that Bolloré has been able to combine the 

battery technology, the vehicle technology and the infrastructure in one business model which 

looks set to become profitable within a few years of its introduction. (Wells & Nieuwenhuis) 

 

5. Public policy as part of the innovative business model 

It follows from the above that public policy needs to be an integral part of the innovative 

business model where the economic risk is to be reduced, shared or transferred. Indeed, strictly 

speaking, it could be argued that there may be a role for the public sector even in the case of 

risk retention – the Autolib scheme for example may not have succeeded if the municipalities 

concerned had not been prepared to make parking space available for the electric cars and 

their charging facilities. 

Case studies suggest that several of the countries selected for coverage by the workshop have 

made noticeable headway in the deployment of AFV infrastructures not least due to public 

sector action on multiple fronts.  For example, in the case of battery electric vehicles, 

governments are using a combination of national roadmaps; improvements to certification, 

standardization and interoperability; taking the lead or at least playing an important role in 

bringing different stakeholders together; and provision of financial support. 

Table 5: Public sector role in promoting the development of BEV infrastructure in selected 

OECD countries 

Country National strategy 
or roadmap 

Certification/ 
standardization/ 
interoperability 

Stakeholder 
coordination 

Public sector financial 
support 

United 
Kingdom 

Yes Yes Yes Co-funding via  PiP - 30 
mio pounds 

France Yes Yes Yes  Co-funding – 50% of 
regular charger, 30% of 
fast charger; 100 mio € 
available for 13 urban 
projects (ADEME) 

Norway Framework (but 
no master plan) 

Yes (but not yet 
for payment, 
booking, access) 

Yes Funding or co-funding 
for fast charger 45% of 
cost up to 27 000 € 

Japan Yes Yes Yes 50% of cost of DC fast 
charging;  50% of AC 
normal charging 
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In the case of hydrogen infrastructure, not as far advanced as EV infrastructure, the picture is 

similar: 

Table 6: Public sector role in promoting the development of FCV infrastructure in selected 

OECD countries 

Country National 
strategy or 
road map 

Certification, 
standardization 

Stakeholder co-
ordination 

Public sector financial 
support 

Germany Yes Yes Yes (PPP) Substantial 2011-2015 – 
approx. 40 million €; 
further public participation 
expected to be required up 
to 2020 

Japan Yes Yes Yes METI - 65 mio USD for H2 
infrastructure (and vehicle 
demo), H2 production, 
transport and storage; 
budget still to be decided 
on support for future roll-
out of 100  HRS 

United 
Kingdom 

In progress In progress Yes Basic initial network 
estimated to require 400 
million £ 

 

6. Key messages 

As an outcome of this workshop/project a number of key messages can be highlighted.  

A first key message is that many of the roadmaps currently in use are overly optimistic and tend 

to understate a) both the will and technological effort required to create adequate industrial 

capacity, for the production of the different integral parts of the value chain, and b) the highly 

specific mix of economic factors and actors that need to be aligned at each phase of the scaling-

up of the delivery process for the fuels. 

For this to happen, a better understanding of the role of infrastructure is needed.  

Infrastructure is an enabling component of the success of potentially disruptive technologies 

such as AFV in at least two ways: 

First, in the industrial value chain, and considering the different levels of investment 

requirements in each of the three AFV cases under review, there is a need for adequate 

capacity to produce the requisite sub systems (for example, who is able to produce a batch of 

200 000 resin tanks capable of handling at least 350 bars of pressure for a fuel cell vehicle?). 
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Such a requirement is far less an issue for Flexifuel cars since the additional cost to a 

conventional thermic powertrain is just 100-200 Euros per car.  

Second, the “delivery” function itself is not as straightforward as it seems. In the cases of FCV 

and Flexifuel cars, even if the generation capacity is not discussed, the delivery will follow at 

least three sequential phases in the scaling up/ramping up of the new powertrain for the 

market. 

It could start with a small scale phase (one filling station of H4 for a captive fleet of vehicles, or 

local delivery of biofuels next to a biorefinery) and build up to a phase 2 where the energy is 

delivered by trucks in a 200-400 kms range, until enough volume and cars in operation lead on 

to a phase 3 involving dedicated pipelines. Obviously the economic equations and the blend of 

actors involved in the delivery process are quite different for each phase, making the ramping 

up of such infrastructure a complicated alignment of factors and actors. 

 

A second key message is that, under the present circumstances, it would seem that the 

intricacies of “first mover disadvantage” are jeopardizing the chance of any rapid ramp-up of 

AFVs in OECD countries.  

In many OECD countries with significant car and energy industries, successful promotion of 

disruptive AFVs is facing a serious hurdle in the form of a “first mover disadvantage”. 

This entails the additional burden of two kinds of mis-alignment: the mis-alignment of actors 

and the mis-alignment of factors. In the first case, one can observe that neither car 

manufacturers nor oil or power companies share the same “beliefs” or “preferences” regarding 

which powertrain could be the winner. In the second case, factors such as subsidies for 

different fuels, the fiscal/taxation burden, the level of acceptance by consumers, the 

certification and regulatory frameworks, to name a few, are not stable and/or predictable 

enough for investors. 

Moreover, as explained above, the OEM corporations are not ready to jump in with the 

investment required to bring the needed capacity for sub-parts on stream and take the huge 

risk of moving first, since they would have to cover significant R&D investments, as well as 

technological risks, which add up to market risks. At the level of energy generation, say for FCV 

fuel cells with H4 or EVs with power recharging, the game is not the same for industrialists 

accustomed to centralized operations with large production, storage and pipeline capacities, as 

it is for businesses building decentralised/distributive operations at an early stage in the roll-out 

or developing a potential new economic model as roll-out proceeds. Moreover, the large sunk 

costs for incumbents (car manufacturers, OEM suppliers, oil and power companies) hardly 

encourage flexibility and fast strategic movements. 



22 
 

 

The third message: to rely on market forces to reach large-scale development of AFVs over a 

short period of time may be possible but not plausible. In most cases, an often lengthy process 

of coordination and integration must be put in place under the umbrella of a champion or a 

community of actors. Whoever has an interest in speeding up such a development has therefore 

to make sure that a champion or a community exists. 

Bearing in mind that a better alignment of factors and actors is a pre-requisite for a more rapid 

implementation of AFV infrastructure, two stylized models can be considered: 

-the prime contractor/integrator model: it does not matter if it is an integrator driven by public 

authorities or by the private sector, or whether the integrator comes from the downstream or 

the upstream segments of the value chain. What is required is that one actor be in a position to 

coordinate under its umbrella all the factors and actors, and to take all or most of the risks for 

the lion’s share of the rewards. The Bolloré model in Paris is a good example, but can it be 

generalized? 

-the second stylized model is one in which an actor or a community of actors are able to play 

the role of “catalysts”.  A public-private joint venture may be the institutional vehicle to bring 

the project forward, but until the risks are shared or transferred, the project will stall. The 

German hydrogen Initiative with some players ready to take on board some of the initial risks 

may well prove to be a good example of this second model, although if not generalized on a 

large enough market (i.e. the European level) the champions themselves predict a failure since 

one single market such as Germany is not large enough. 

 

7. General conclusions and pointers for possible further work 

The case of alternative fuel infrastructures is of some interest both to the business community 

and to the innovation policy community since it bears many of the hallmarks of “system-wide 

change”: innovation in vehicle and infrastructure technology needs to be matched by 

innovation in the design of business models and in public sector intervention.  Without such 

synchronisation, the speed and scale of deployment of recharging and refuelling infrastructures 

will inevitably fall short of expectations.   

Hence, progress needs to be made in improving understanding of the intricacies of this triple 

innovation nexus. For example: 

 The workshop clearly identified the importance of approaching the value chain in its 

entirety, and offered examples of how public private partnerships and other types of 

consortia can bring the many different stakeholders successfully around the table.  Yet 
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numerous examples also exist of countries with far less successful experiences in 

creating and constructing fruitful dialogue among stakeholders. What is needed is a 

deeper understanding of the structures and mechanisms within such consortia that 

make for successful outcomes, including the nature of the of role government plays as 

leader or facilitator of the platform. 

 More research is required into new business models to address the problems arising 

from the inequitable risk allocation among actors along the value chain. A useful 

approach might be to draw in other emerging sectors encountering similar obstacles, 

with a view to exploring what new business models appear to be working and whether 

these might be applied to the case of alternative fuel vehicle infrastructures.   

 Regulatory uncertainty can have a significant impact across all elements of AFV roll-out, 

affecting manufacturers’ decisions on vehicle production and commercialisation, 

consumer acceptance, and the development of AFV infrastructure. The absence of clear 

policy signals may retard investment in innovation.  For example, uncertainty over 

standards and interoperability between vehicles and charging infrastructure may hold 

back investment decisions. Government policies and regulation need to be consistent, 

foreseeable and credible for all the actors in the supply chain. (OECD, 2012a). However, 

more detailed research is required into how regulatory (un)certainty affects progress 

specifically in the roll-out of AFV infrastructures. 

 It might be useful to shift gears and move down from a national to a local perspective to 

study how cities around the world are tackling the task of introducing alternative fuel 

infrastructures on a wide scale, as exemplified by the network of C40 Cities Climate 

Leadership Group (http://www.c40cities.org). 

 An important concern about the electrification of vehicles is its impact on the power 

grid. In some countries (for example in the UK), it is thought a rapid increase in the 

installation and use of fast recharge facilities could pose problems for some local 

distribution networks. With respect to standard recharging, uptake of EVs in the coming 

years is likely to be slow, so EV electricity consumption is expected to remain small for 

the foreseeable future relative to overall electricity demand. But EVs could put greater 

pressure on peak load (e.g. commuters recharging mainly on returning home in the 

evening) especially in urban areas, if vehicle charging is not managed intelligently. Smart 

grid technologies can potentially help shift the charging load to off-peak periods, 

thereby smoothing the daily load curve and contributing to reduce generation and 

network investment needs (OECD/ITF, 2012).  Hence, a better understanding is required 

of the future interplay between roll-out of EVs and more widespread adoption of smart 

grid technologies.  

 

Finally, it is important to recall that an important precondition for the very fruitful 

discussion in the workshop was to avoid direct comparison of the different AFVs in 

http://www.c40cities.org/
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terms of their long-term economic viability. Indeed, most if not all countries concerned 

wish to remain technologically neutral in their support of innovations in the field of 

alternative fuel vehicles, preferring to set general GHG emission targets and provide 

development support to a range of technologies. In practice, of course, this stance can 

have important implications for the successful development of AFVs and their 

associated infrastructures.  Achieving critical mass in the national or regional roll-out of 

several different AFV technologies and infrastructure systems, costing billions of 

Euros/Dollars in investment, is infinitely more difficult than achieving critical mass for 

just one AFV technology.  Against this one needs to hold the not inconsiderable risks of 

technological lock-in that arise when a single technology is given priority over others.  

The way forward may well be further exploration of the potential complementarities 

among AFV systems, e.g. using BEVs to prepare the ground for FCVs which could then 

both use the same power infrastructure. That pathway would no doubt require a 

significant measure of creativity in the design of public sector interventions.   

 

 



25 
 

 

REFERENCES 

Bonhoff, K., Herbert, T., and Butsch, H. (2012), 50 Hydrogen refueling stations in Germany 

within the framework of the National Innovation Programme Hydrogen and Fuel Cell 

Technology, Background paper for the IFP/IEA/ITF Workshop on “Developing infrastructure for 

alternative transport fuels and power-trains to 2020/2030/2050: A cross country assessment of 

early stages of implementation”, OECD, Paris, November 2013 

CaFCP (2012), A California Road Map: the Commercialization of Hydrogen Fuel Cell Vehicles, 

Sacramento: The California Fuel Cell Partnership 

Davison, B. (2012), The state of play with respect to the current and planned roll-out of electric 

vehicles: United Kingdom, Background paper for the IFP/IEA/ITF Workshop on “Developing 

infrastructure for alternative transport fuels and power-trains to 2020/2030/2050: A cross 

country assessment of early stages of implementation”, OECD, Paris, November 2013 

Ernst & Young (2011), Beyond the plug: finding value in the emerging electric vehicle charging 

ecosystem 

Franke, A., Smith-Bingham, R. [Oliver Wyman] (2012), De-risking strategies for alternative 

transport fuel and power-train infrastructure development, Powerpoint presentation for the 

IFP/IEA/ITF Workshop on “Developing infrastructure for alternative transport fuels and power-

trains to 2020/2030/2050: A cross country assessment of early stages of implementation”, 

OECD, Paris, November 2013 

IEA (2012) Energy Technology Perspectives 2012, International Energy Agency, Paris 

Japan Automobile Research Institute (2012), Electric Vehicles in Japan, JARI 

Lucchese, P. (2012), Rechargeable vehicles infrastructure development policy: French case, 

Background paper for the IFP/IEA/ITF Workshop on “Developing infrastructure for alternative 

transport fuels and power-trains to 2020/2030/2050: A cross country assessment of early 

stages of implementation”, OECD, Paris, November 2013 

OECD (2012) Environmental Outlook 2050, OECD Publishing, Paris 

OECD (2012a), Market development for green cars, OECD Green Growth Papers 2012-03, OECD, 

Paris 

OECD/ITF (2012), Smart grids and electric vehicles: Made for each other? Discussion paper 

2012- 02, OECD, Paris 



26 
 

Pede, G. and Gianinoni, I. (2012) The case of infrastructure for battery electric vehicles: Italy, 

Background paper for the IFP/IEA/ITF Workshop on “Developing infrastructure for alternative 

transport fuels and power-trains to 2020/2030/2050: A cross country assessment of early 

stages of implementation”, OECD, Paris, November 2013 

Pütz, K., Norbech, T. (2012) The way ahead for hydrogen in transport in Norway, Background 

paper for the IFP/IEA/ITF Workshop on “Developing infrastructure for alternative transport 

fuels and power-trains to 2020/2030/2050: A cross country assessment of early stages of 

implementation”, OECD, Paris, November 2013 

Rusco, F. (2012), Biofuels Infrastructure in the United States, Background paper for the 

IFP/IEA/ITF Workshop on “Developing infrastructure for alternative transport fuels and power-

trains to 2020/2030/2050: A cross country assessment of early stages of implementation”, 

OECD, Paris, November 2013 

Teratani, T. (2012) Current status and future view of EV/PHEV with charging infrastructure in 

Japan, Background paper for the IFP/IEA/ITF Workshop on “Developing infrastructure for 

alternative transport fuels and power-trains to 2020/2030/2050: A cross country assessment of 

early stages of implementation”, OECD, Paris, November 2013 

Wells, P. and Nieuwenhuis, P.(2012) New business models for alternative fuel and alternative 

power-train vehicles; an infrastructure perspective, Background paper for the IFP/IEA/ITF 

Workshop on “Developing infrastructure for alternative transport fuels and power-trains to 

2020/2030/2050: A cross country assessment of early stages of implementation”, OECD, Paris, 

November 2013 



27 
 

 

ANNEX 1: List of Workshop Participants 

ORGANISATION FOR ECONOMIC CO-OPERATION AND DEVELOPMENT 

OECD International Futures Programme  

in co-operation with the IEA and the ITF 

Developing infrastructure for alternative transport fuels and power-trains to 

2020/2030/2050:  

A cross country assessment of early stages of implementation 

 

OECD Headquarters, Room CC7 

30 November 2012  

Final List of Participants 

Chairman: 

Barrie Stevens 

Head, OECD International Futures Programme 

 

Ole Birkelund 
Researcher 
Norwegian University of Science and Technology 
Norway 
 
Rene Bohnsack 
Researcher 
University of Amsterdam Business School 
The Netherlands 
 
Christian Bühlmann 
Policy Analyst 
Department of the Environment, Transport, Energy and Communications 
Swiss Federal Office of Energy  
Switzerland 



28 
 

 

Hanno Butsch 
Manager 
International Cooperation 
NOW GmbH - National Organisation Hydrogen and Fuel Cell Technology 
Germany 
 
Pernille Øvre Christensen 
Head of Section 
Centre for Commercial Transport and Analysis 
Ministry of Transport 
Denmark 
 
Alexander Franke  
Partner 
Oliver Wyman Global Risk & Trading 
Switzerland 
 
Heidi Mie Hammer 
Head of Section 
Centre for Business and Analysis 
Ministry of Transport 
Denmark 
 
Udo Hartmann  
Senior Manager  
Group Environmental Protection 
Daimler AG  
Germany 
 
Thomas Capral Henriksen  
Advisor  
Ministry of Climate, Energy and Building  
Denmark 
 
Masaaki Iwasaki 
Coordinating Executive 
Technical Affairs Planning Division. 
Toyota Motor Europe 
Belgium 
 



29 
 

 

Hyungtai Kim 
Fellow/Director 
Public Investment Evaluation Division 
Public and Private Infrastructure Investment Management Center (PIMAC) 
Korea Development Institute (KDI) 
Korea 

Richard Lavergne 
Conseiller du Directeur général énergie et climat (DGEC) 
Ministère de l'Écologie, du Développement Durable, des transports et du logement 
France 
 
Paul Lucchese 
Chargé de mission à la Direction Scientifique 
Commissariat à l'énergie atomique et aux énergies alternatives (CEA) 
France 
 
Philippe Mulard 
Hydrogen Programme Manager 
TOTAL Marketing Services 
France 
 
Paul Nieuwenhuis 
Joint Director / Co-Founder. Electric Vehicle Centre of Excellence 
Centre for Automotive Industry Research 
Cardiff Business School  
United Kingdom 
 
Hyungna Oh 
Fellow 
Korea Development Institute (KDI) 
Korea 
 
Gilles Parmentier 
Investment Director 
CDC Infrastructure 
France 
 
Giovanni Pede 
Engineer 
Responsible for Eco-friendly Vehicles Laboratory 
Italian National Agency for New Technologies, Energy and  
Sustainable Economic Development (ENEA) 
Italy 



30 
 

Konrad Pütz 
Senior Engineer 
Transnova 
Norway 
 
Frank Rusco 
Director 
Energy and Science Issues 
Government Accountability Office (GAO) 
United States 
 

Peter Smeds 
Vehicles and Fuels 
Swedish Transport Administration 
Sweden 
 
Richard Smith-Bingham 
Program Director 
Global Risk Center  
Oliver Wyman 
United Kingdom 
 
Tatsuo Teratani 
Professor 
Nagoya University (as of 1 December 2012) 
Project General Manager 
Electronics Development Div.2 
Toyota Motor Corporation 
Japan 
 
Frederik von Dewall 
Von Dewall Advisory & Management 
Netherlands 
 
Observer 
 
Laura Høegh Poulsen 
Energy Counsellor 
Permanent Delegation of Denmark to the OECD 
 

 

 



31 
 

International Energy Agency (IEA) Secretariat 

 
Alex Koerner 
Energy Analyst (Transport Modelling) 
Energy Analyst, Energy Technology Office 
 
International Transport Forum (ITF) Secretariat 

 
Stephen Perkins 
Head 
Joint Transport Research Centre 
 
Philippe Crist 
Economist 
Joint Transport Research Centre 
 
OECD Secretariat 

 
Pierre-Alain Schieb 
Counsellor, Head of Futures Projects 
 
Anita Gibson 
Outreach and Development Coordinator 
 
Lucy Krawczyk 
Assistant 
 


