FCH-JU-2013-1
Hydrogen acceptance in the transition phase
HYACINTH (621228)
SP1-JTI-FCH.2013.5.3

Grant Agreement No

621228

Acronym

HYACINTH

Project title

Hydrogen acceptance in the transition phase

Starting date

01/09/2014

Duration in months

30

DELIVERABLE 2.3:

REPORT ON METHODOLOGIES AND FACTORS

WP2

Context Analysis

Due date:

30/09/2015

Actual Submission Date:

06/06/2016

Lead beneficiary:

CIDAUT

Main author(s):

Eduardo Miguel (CIDAUT), Christian Oltra (CIEMAT)

Responsible:

CIDAUT
Tel: +34 983 54 8035
e-mail: edumig@cidaut.es
1

Dissemination Level :

PU

Nature:

Report

Status of the Document:

Draft

Version:

V.03

In review

Released

X

1

Dissemination level security:
PU
- Public (e.g. on website, for publication, etc.)
PP
- Restricted to other programme participants (including the Commission Services)
RE
- Restricted to a group specified by the consortium (including the Commission Services)
CO
- Confidential, only for members of the consortium (including the Commission Services)
06/06/2016

D2.3 REPORT ON METHODOLOGIES AND FACTORS

Page 1 of 61

FCH-JU-2013-1
Hydrogen acceptance in the transition phase
HYACINTH (621228)
SP1-JTI-FCH.2013.5.3

Document history and status
Release
01
02
03

Date
16/02/16
19/05/16
27/05/16

Author
Eduardo Miguel
Christian Oltra
Eduardo Miguel

Description
First release
Comments
Format and content review

Disclaimer
This project has received funding from the FCH JU (Fuel Cell and Hydrogen Joint Undertaking)
Implementation Plan 2013 that was adopted by the FCH JU Governing Board on 19th of
December 2012, under grant agreement no. 621228.
This document contains the description of the HYACINTH project findings, work and products.
Some parts of it might be under partner Intellectual Property Right (IPR) rules, so prior to using
its content please contact the head of the consortium for approval. If, as a person or as a
representative of an entity, you notify that this document harms in any way IPR please do
notify us immediately.
This publication reflects the views only of the author(s), and the FCH JU cannot be held
responsible for any use which may be made of the information contained herein
The authors of this document have taken any available measure in order for its content to be
accurate, consistent and lawful. However, neither the project consortium as a whole nor the
individual partners that implicitly or explicitly participated in the creation and publication of
this document hold any sort of responsibility that might occur as a result of using its content.

06/06/2016

D2.3 REPORT ON METHODOLOGIES AND FACTORS

Page 2 of 61

FCH-JU-2013-1
Hydrogen acceptance in the transition phase
HYACINTH (621228)
SP1-JTI-FCH.2013.5.3

CONTENTS
EXECUTIVE SUMMARY .................................................................................................................. 4
ABBREVIATIONS ............................................................................................................................ 5
1.

INTRODUCTION ..................................................................................................................... 6

2.

METHOD: LITERATURE REVIEW............................................................................................. 8

3.

POPULATION GROUPS STUDIED.......................................................................................... 14
3.1. Government ................................................................................................................... 14
3.2. Industry .......................................................................................................................... 15
3.3. General public at the country level ................................................................................ 15
3.4. General public at the local level ..................................................................................... 16
3.5. Customers and users ...................................................................................................... 16
3.6. NGOs and civil society .................................................................................................... 17
3.7. Population potentially affected by an hydrogen infrastructure .................................... 18
3.8. Experts and research community .................................................................................. 18
3.9. Selected age groups ....................................................................................................... 19

4.

RESEARCH ON PUBLIC ACCEPTANCE OF FCH TECHNOLOGIES ............................................ 20
4.1. Dimensions under study ................................................................................................ 20
4.2. Hydrogen and fuel cell applications under study........................................................... 23
4.3. Methodological approaches .......................................................................................... 25
4.4. Populations and samples ............................................................................................... 26
4.5. Countries studied ........................................................................................................... 27
4.6. Selection of survey studies conducted in Europe in the last five years ......................... 32

5.

RESEARCH ON STAKEHOLDER ACCEPTANCE OF FCH TECHNOLOGIES ................................ 35
5.1. Technologies under study .............................................................................................. 36
5.2. Methodological approaches .......................................................................................... 37
5.3. Population and samples ................................................................................................. 38
5.4. Selection of studies on stakeholders’ views on FCH technologies conducted
internationally in the last five years ..................................................................................... 40

6.

CONCLUSIONS ..................................................................................................................... 45

7.

REFERENCES ........................................................................................................................ 47

7.1.

Tables .............................................................................................................................. 56

Annex 1: List of reviewed studies (studies on public acceptance) .............................................. 57
06/06/2016

D2.3 REPORT ON METHODOLOGIES AND FACTORS

Page 3 of 61

FCH-JU-2013-1
Hydrogen acceptance in the transition phase
HYACINTH (621228)
SP1-JTI-FCH.2013.5.3

EXECUTIVE SUMMARY
The purpose of this report is to review the precedents to the current study. As such, the report
identifies and summarises previous research on the social acceptance of Fuel Cells and
Hydrogen (FCH) technologies, including the methods used. The report is based on a review of
both published academic and grey literature. Five areas are covered in the report regarding
the research on public and stakeholder acceptance of FCH technologies:







The concept of social acceptance of FCH technologies.
Studied populations and stakeholder groups. Types of populations and samples
studied.
Socio-psychological dimensions studied in the literature (e.g. awareness, knowledge,
familiarity, global attitude, emotions, acceptance and support, etc.).
Hydrogen and fuel cell applications under study. Technological objects under study
(e.g. hydrogen vehicles, hydrogen infrastructures).
Methodological approaches. Social research methods and specific data collection tools
implemented in the reviewed studies.
Main findings and conclusions.
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1. INTRODUCTION
The overall purpose of the project HYACINTH is to gain a deeper understanding of the social
acceptance of hydrogen technologies across Europe via a cross-country social research study
with samples of European citizens and stakeholders, as well as to develop a social acceptance
management tool to help promoters and decision makers integrate issues related to social
acceptance into their developments.
In this report, we first provide an overview of the concept of social acceptance of energy
technologies. Second, we review the international studies on public and stakeholder
awareness, understanding and acceptance of hydrogen and fuel cell technologies. A great deal
of socio-psychological research has been conducted on the social acceptance of hydrogen and
fuel cell technologies in the last 20 years. This research has been characterized mainly by
studies with specific populations (such as users of hydrogen buses or young people) as well as
by survey studies at the country level with representative samples of members of the general
public. We emphasise the wide range of research questions, methods and samples used in
these studies, so that the range of study types can be appreciated.
The main objective of this report is to ground the research design to be developed in D3.1 and
D3.2. The review of the literature will allow the identification of dimensions/variables to be
studied as well as the specification of the data collection instruments to be implemented in the
project studies. All this will result in an empirically-grounded model that sheds light on societal
perceptions of the use and adoption possibilities for FCH technologies.
The social acceptance of FCH technologies
Social acceptance is a prerequisite for the adoption and introduction of new technologies
(Sauter & Watson, 2007). However, even though social acceptance is a term commonly used in
the practical policy literature, clear definitions are rarely given (Wüstenhagen, Wolsink and
Bürer, 2007). It is generally agreed that there are different dimensions of social acceptance.
For instance, Wüstenhagen, Wolsink and Bürer, (2007), regarding to the social acceptance of
renewable energy technologies, differentiate between socio-political acceptance, community
acceptance and market acceptance. All three can be interdependent categories of social
acceptance. Socio-political acceptance is social acceptance on the broadest, most general
level. Both policies and technologies can be subject to societal acceptance. Several indicators
demonstrate that public acceptance for renewable energy technologies and policies are high in
many countries (REFS). Socio-political acceptance also relates to the idea of public support,
often at the national or regional levels, as well as to the acceptance and support to effective
policies by key stakeholders and policy actors. Hydrogen and fuel cell technologies are unlikely
to be successful when policies fail to take into account factors as reliable financial
procurement systems that create options for new investors, and spatial planning systems that
stimulate collaborative decision making (Wüstenhagen, Wolsink and Bürer, 2007).
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Community acceptance refers to the specific acceptance of siting decisions and local projects
by local stakeholders, particularly residents and local authorities. In the case of physical
infrastructure, there may also be a pattern of acceptance before, during, and after a project is
running that follows a U-curve: first, the acceptance is high, decreasing during the siting phase
and increasing again when the project has already started (Wüstenhagen, Wolsink and Bürer,
2007).
Finally, market acceptance is the process of market adoption of an innovation, that is, the
adoption of innovative products by consumers through a communication process between
individual adopters and their environment (Wüstenhagen, Wolsink and Bürer, 2007). As
Wüstenhagen, Wolsink and Bürer (2007) recognize, the emergence of green power
consumption and marketing, where the users get the opportunity to start using renewable
energy supply without being actually involved in the physical generation, is probably the area
where market adoption can be most separated from the broader social acceptance picture,
reducing barriers to diffusion and, therefore, acceptance. In this context, investors are also
important stakeholders, be this because firms are subject to path dependencies when it comes
to their investment behaviour (Hirsh, 1989), or because corporate decisions are influential in
political decisions about the design of financial procurement systems, subsidies and incentives,
including, for example, access to the grid for investors in renewable energy systems
(Wüstenhagen, Wolsink and Bürer, 2007).
FCH technologies range from small-scale applications to large-scale infrastructures, all of which
require some degree of acceptance by the general public, stakeholders, decision makers,
communities and potential users. At the micro-generation levels of community, individual
buildings and domestic residences, acceptance is likely to involve willingness to pay for a
higher share of ‘renewables’, or to be an active part of the ‘renewables or low carbon scene’.
This involvement, from the consumer perspective, may take the form of an active consumer
involvement or a more passive approach; from the company perspective, acceptance may take
the form of company-driven deployment for the organisation itself or a form of deployment in
which companies provide e.g. direct or backup supplies of electricity on a micro-generation
basis (Sauter & Watson, 2007).
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2. METHOD: LITERATURE REVIEW
Based on the review of previous studies, Sauter & Watson (2007) suggest the analysis of three
issues regarding the public acceptance of FCH technologies: attitudes, investments in microgeneration technologies and induced behavioural changes. In terms of the general public,
empirical analyses have generally investigated: (a) the attitudes of users of private hydrogen
fuel cell vehicles (e.g. Kang & Park, 2011); bus users (O’Garra et al., 2007); and non-users, such
as individuals living within a 1-km radius of a hydrogen refuelling station (Tarigan, Bayer,
Langhelle, & Thesen, 2012) or households near existing commercial refuelling stations (O’Garra
et al., 2008). Attitudes of the general public, regardless of whether they are users or non-users,
have also been surveyed in countries such as Germany (Zimmer & Welke, 2012), the
Netherlands (Achterberg, 2014) and the UK (Bellaby et al, 2016). A significant set of studies
have also investigated stakeholder acceptance of FCH technologies, defined as those who have
a commercial or policy interest. We will review in detail some of the latter studies in section 5.
To set the present work in context and to inform the design, the most relevant research papers
and surveys related to the FCH technologies were first collated. The search process started
with the scoping the main journals in the field: Energy Policy, International Journal of Hydrogen
Energy, and Journal of Power Sources (Table 1 and Table 2). The search then moved on to
other journals and sources listed below, with journal search undertaken via the extensive
Scopus database, using the following terms (key words): FCH/hydrogen social acceptance,
FCH/hydrogen public acceptance, FCH/hydrogen acceptability, FCH/hydrogen attitude,
FCH/hydrogen awareness, FCH/hydrogen consumer preferences, FCH/hydrogen consumer
behaviour, FCH/hydrogen economy, FCH/hydrogen technology/ies, FCH/hydrogen vehicle, fuel
cell, renewable energy.
Table 1. Journals and number of studies on social acceptance

06/06/2016

Journals

Number of studies of
FCH social
acceptance

Energy Policy

7

International Journal of Hydrogen Energy

26

Journal of Power Sources
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Table 2. Journals and specific studies on social acceptance
Journals

Studies of FCH social acceptance

Energy Policy

 “The diffusion process of stationary fuel cells in a two-sided market economy”
B. Heinz, M. Graeber, A.J. Praktiknjo, 2013
 “Impact of experience on government policy toward acceptance of hydrogen
fuel cell vehicles in Korea” Min Jung Kang, Heejun Park, 2011
 “Public understanding of hydrogen energy: A theoretical approach”
Fionnguala Sherry-Brennan, Hannah Devine-Wright, Patrick Devine-Wright,
2010
 “Engaging the public on paths to sustainable energy: Who has to trust
whom?” Ricci, M., Bellaby, P., & Flynn, R., 2010
 “Public attitudes towards and demand for hydrogen and fuel cell vehicles: A
review of the evidence and methodological implications” María Yetano Roche,
Susana Mourato, Manfred Fischedick, Katja Pietzner, Peter Viebahn, 2010
 “Investigating attitudes to hydrogen refuelling facilities and the social cost to
local residents” Tanya O’Garra, Susana Mourato, Peter Pearson, 2008
 “Is the public willing to pay for hydrogen buses? A comparative study of
preferences in four cities” Tanya O’Garra, Susana Mourato, Lisa Garrity,
Patrick Schmidt, Anne Beerenwinkel, Matthias Altmann, David Hart, Cornelia
Graesel, Simon Whitehouse, 2007

International
Journal of
Hydrogen
Energy

 Bellaby, P., Upham, P., Flynn, Ricci, M. (2016) Unfamiliar fuel: how the UK
public views the infrastructure required to supply hydrogen for road
transport. International Journal of Hydrogen Energy, available online: 1-10,
doi:10.1016/j.ijhydene.2016.03.024
 “Possible application of biohydrogen technologies as electricity sources in
Indonesian remote areas” Dwi Susilaningsih, Louis S. Sirait, Khairul Anam, M.
Sidiq Habibi, Bambang Prasetya, 2014
 “The changing face of public support for hydrogen technology explaining
declining support among the Dutch (2008–2013)” Peter Achterberg, 2014
 “Revealing market adaptation to a low carbon transport economy: Tales of
hydrogen futures as perceived by fuzzy cognitive mapping” Areti Kontogianni,
Christos Tourkolias, Elpiniki I. Papageorgiou, 2013
 “Editorial” Wan Ramli Wan Daud, 2013
 “The country-dependent shaping of ‘hydrogen niche’ formation: A
comparative case study of the UK and South Korea from the innovation
system perspective” Sangook Park, 2013
 “A grey-based group decision-making methodology for the selection of
hydrogen technologies in life cycle sustainability perspective” Alessandro
Manzardo, Jingzheng Ren, Anna Mazzi, Antonio Scipioni, 2012
 “Estimating determinants of public acceptance of hydrogen vehicles and
refuelling stations in greater Stavanger” Tarigan, A. K. M., Bayer, S. B.,
Langhelle, O., & Thesen, G., 2012
 “After nuclear has gone – Energy in Germany”, Carl-Jochen Winter, 2012
 “SUNRISE – A caesura after nuclear has gone: Energy in Germany(and in other
potentially de-nuclearizing countries)” Carl-Jochen Winter, 2012
 “Let’s go green with hydrogen! The general public's perspective” Zimmer, R.,
& Welke, J., 2012
 “Fuzzy Delphi method for evaluating hydrogen production technologies” PaoLong Chang, Chiung-Wen Hsu, Po-Chien Chang, 2011
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 “Iceland’s hydrogen energy policy development (1998–2007) from a
sociotechnical experiment viewpoint” Sangook Park, 2011
 “The hydrogen economy: opportunities and challenges”
 John B. Heywood, 2010
 “Control of the ignition possibility of hydrogen by electrostatic discharge at a
ventilation duct outlet” Tomohiko Imamura, Toshio Mogi, Yuji Wada, 2009
 “Multi-criteria evaluation of on-board hydrogen storage technologies using
the MACBETH approach” F. Montignac, I. Noirot, S. Chaudourne, 2009
 “Dynamic effects on the acceptance of hydrogen technologies—an
international comparison” Boris Heinz, Georg Erdmann, 2008
 “Optimization of a hydrogen supply chain under demand uncertainty” Jiyong
Kim, Younghee Lee, Il Moon, 2008
 “Optimization of Mg-based fiber optic hydrogen detectors by alloying the
catalyst” M. Slaman, B. Dam, H. Schreuders, R. Griessen, 2008
 “Key Challenges to the introduction of hydrogen-European stakeholder views”
Seymour, E. H., Murray, L., & Fernandes, R., 2008
 “A demonstration project of the hydrogen station located on Yakushima
Island—Operation and analysis of the station” T. Kai, Y. Uemura, H. Takanashi,
T. Tsutsui, T. Takahashi, Y. Matsumoto, K. Fujie, M. Suzuki, 2007
 “Towards the hydrogen economy?” Gregorio Marbán, Teresa Valdés-Solís,
2007
 “A first report on the attitude towards hydrogen fuel cell buses in Stockholm”
Haraldsson, K., Folkesson, a., Saxe, M., & Alvfors, P., 2006
 “Issues affecting the acceptance of hydrogen fuel” Inga Schulte, David Hart,
Rita van der Vorst, 2004
 “Pathways to a more sustainable production of energy: sustainable
hydrogen—a research objective for Shell” J.W. Gosselink, 2002
 “Solar–hydrogen energy system for Egypt” M.a.h. Abdallah, S.S. Asfour, T.N.
Veziroglu, 1999
 “Primary energy sources for hydrogen production” K. Hassmann, H.-M. Kühne,
1993
Journal of
Power Sources

 “A quasi-Delphi study on technological barriers to the uptake of hydrogen as a
fuel for transport applications-Production, storage and fuel cell drivetrain
considerations” Hart, D., Anghel, A. T., Huijsmans, J., & Vuille, F., 2009
 “Critical assessment of power trains with fuel-cell systems and different fuels”
B Höhlein, S von Andrian, Th Grube, R Menzer, 2000
 “Fuel cells for transport: can the promise be fulfilled? Technical requirements
and demands from customers” Thomas Klaiber, 1996
 “Japanese fuel cell market projections” A. Fukutome, 1992
 “Metal/air batteries: Their status and potential — a review” Keith F. Blurton,
Anthony F. Sammells, 1979

Other related journals included: International Journal of Science Education, Energy,
Sustainability and Society, World Electric Vehicle Association Journal, Transportation Research
Part A: Policy and Practice, Renewable and Sustainable Energy Reviews, Journal of
Environmental Psychology, International Journal of Energy Sector Management, Energy
Efficiency, Independent Energy, and Energy Systems. Moreover, specific book chapters,
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reports, documents and project publications (See Annex 1) on social acceptance of FCH
technologies were also collated and examined (Table 3).
Table 3. Other sources for studies on social acceptance
Other sources

Studies of FCH social acceptance

Books and book
chapters

 Best-waldhober, M. De, & Daamen, D. (2006). Public perceptions and
preferences regarding large scale implementation of six CO 2 capture and
storage technologies Centre for Energy and Environmental Studies In KLossen,
U., Armbruster, M., Horn, S., Kraus, P., & Schich, K. (2003). Einflussfaktoren
auf den Markterfolg von wasserstoffbetriebenen Fahrzeugen (Factors
influencing the market success of vehicles powered by hydrogen).
 RRicci, M., Bellaby, P., & Flynn, R. (2007). Stakholders’ and publics'
perceptions of hydrogen energy technologies. In Risk and the public
acceptance of new technologies (pp. 175–197). New York: Palgrave
Macmillan.
 Whitehouse, S., & Whitehouse, N. (2013). Issues of concern to external
stakeholders and critics and pathways to their resolution. LeinfeldenEchterdingen, Germany.

Reports

 Altmann, M., Graesel, C., 1998. Die Akzeptanz von Wasserstofftechnologien.
www.HyWeb.de/akzepth2Chandler, K., Eudy, B. et. Al., 2009. NREL.
Connecticut Transit (CTTRANSIT) Fuel Cell Transit Bus: Second Evaluation
Report.
 HTAP. (1998). Hydrogen Technical Advisory Panel Survey Report.
 Frederick, B. (2002). Breakthrough technologies. Survey report - Fuel Cells
education. Washington, D.C.
 Truett, T. (2003). Literature Review for the Baseline Knowledge Assessment of
the Hydrogen, Fuel Cells , and Infrastructure. Knowledge Creation Diffusion
Utilization.
 O'Garra, T., 2005. Report on How to Run Effective Demonstration Projects:
Results from the AcceptH2 Project.
 Melendez, M. (2006). Transitioning to a Hydrogen Future: Learning from the
Alternative Fuels Experience Transitioning to a Hydrogen Future: Learning
from the Alternative Fuels Experience, (February).
 Truett, T., Schmoyer, R. et al, 2006. Results of 2004 U.S. Department of Energy
Surveys Measuring Knowledge of and Opinions on Hydrogen and Fuel Cells.
 Bellaby, P. and Upham, P. et al (2007) Public Engagement with Hydrogen
Infrastructures in Transport, research report for DfT Horizons Research
Programme – Contract Number PPRO 4/54/2, University of Salford.
 European Commission. (2007). Energy Technologies: Knowledge, Perception,
Measures, (January).
 Dr. Strubel, V., 2008. Publishable Final Activity Report. Hydrogen Storage
Systems for Automotive Application. STORHY.
 Truett, T., & Schmoyer, R. (2008). Compendium : Surveys Evaluating
Knowledge and Opinions of Hydrogen and Fuel Cell Technologies.
 Eurostat, 2009. Panorama of Transport. 2009 edition.
 RSchmoyer, R. ., Truett, T., Cooper, C., & Chew, A. (2010). Results of the
2008/2009 knowledge and opinions surveys conducted for the U.S.
Department of Energy hydrogen program.
 Praktiknjo, A., Richter, M & Erdmann, G., 2011. Social studies in context with
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hydrogen deployment: Analysis, quality, gaps and recommendations.
 European Comission. (2013). Extension of the Fuel Cells & Hydrogen Joint
Technology Initiative under Horizon 2020 Results of the public consultation.
 Hoelzinger, N., & Luedi-Geoffroy, N. (2013). Influencing factors to the
acceptance process of FCH technologies in public transport (CHIC project).
Berlin, Germany.
Documents

 Thorolfsson, A., 2002. Public attitude towards hydrogen in Dec 2001. The
Institute of Applied Social Science, University of Iceland.
 Maack, M., Nielsen, K. et al., 2004. ECTOS. Assessment and evaluation of
socio-economic factors.
 Trommsdorff, V. (2004). Auswertung Delphi (Presentation). Berlin, Chair
Marketing I.
 Velte, D., Araguas, J. P. L. de, Nielsen, O., & Jörb, W. (2004). The EurEnDel
Scenarios Europe’s Energy System by 2030, (July).
 Schmoyer, R. L., Truett, T., & Cooper, C. (2006). Results of the 2004
Knowledge and Opinions Surveys for the Baseline Knowledge Assessment of
the U.S. Department of Energy Hydrogen Program. Prepared for the US DOE.
Washington, D.C.
 Zachariah-Wolff, J. L., & Hemmes, K. (2006). Public Acceptance of Hydrogen in
the Netherlands: Two Surveys That Demystify Public Views on a Hydrogen
Economy. Bulletin of Science, Technology & Society, 26(4), 339–345.
doi:10.1177/02704676062903082008.
 Maack, M., Kristindottir, G. et al., 2008. Hydrogen moves from a societal
Niche to a systematic Integration. Social Implications of introducing Hyrogen
as fuel in Reykjavik.
 Rouvroy, S., 2008. Insight and Outlook: All part of the HyFLEET CUTE Project.
HyFLEET:CUTE Newsletter Issue 6. S. 1.
 Schmoyer, R., & Cooper, C. (2008). Compendium: Surveys Evaluating
Knowledge and Opinions of Hydrogen and Fuel Cell Technologies October
 Saviko Consultants (Hrsg.), 2010. Zero Regio. Lombardia & Rhein-Main
towards Zero Emission: Development and Demonstration of Infrastructure
Systems for Hydrogen as an Alternative Motor Fuel.

Projects

 HYACINTH (HYdrogen ACceptance IN the Transition pHase) project funded by
the European Union. Social acceptance of FCH technologies throughout
Europe. (Ongoing)
 EIHP project (www.eihp.org) provides inputs for regulatory activities on a
European Union and global level to facilitate harmonized procedures for the
approval of hydrogen fuelled road vehicles. It provides input also to the
hydrogen refueling infrastructure and the relevant interfaces between the
vehicle and the filling station in order to ensure their safe development,
introduction and operation. (2004)
 AcceptH2project, a European Union funded transnational comparative
survey-based study of public acceptability of hydrogen fuel cell buses and
preferences for their environmental attributes in several cities hosting
hydrogen bus trials through the CUTE, ECTOS and STEP demonstration
projects. (2005)
 CUTE (Clean Urban Transport for Europe), a European Union project which
saw the development and testing of 27 fuel cell buses—three in each of nine
cities in Europe—over 2 years. (2006)
 ECTOS project tested three fuel cell buses in Reykjavik, Iceland. (2007)
 HyFleet project, a CUTE project arose from the collaboration of the CUTE,
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ECTOS and STEP project partners and aims to operate a total of 47 hydrogen
powered buses in regular public transport service in 10 cities on three
continents. (2009)
Stor-HY project, an R&D project focused on hydrogen storage technologies.
The project was co-financed by the European Union. (2008)
UKSHEC 5 (UK Sustainable Hydrogen Energy Consortium), a multidisciplinary
project which has carried out a number of studies on the perceptions of
hydrogen technologies among the public. This research takes a global view of
hydrogen as an energy carrier. (2012)
Create Acceptance project, co-financed by the European Commission and
ended in 2008. The findings of this project are being followed up by the
Change Behavior project
CHIC 2 project (Clean Hydrogen In European Cities), an on-going EU project
demonstrating the readiness of fuel cell electric buses for widespread
commercial deployment in 9 cities/regions involved in the trial

Once the exhaustive collection of research was done, the next step was to systematically
organize the gathered contributions.
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3. POPULATION GROUPS STUDIED
In this section, we provide an overview of the populations and stakeholder groups studied in
the literature reviewed, along with results summaries. Organizing the literature on the basis of
stakeholder type reflects the need for the differentiation that is arguably required when
making targeted policy inferences. We focus on the specific research questions, dimensions
studied and methods used in these studies in the next section.
The stakeholders relevant to social acceptance are diverse and have different interests. The
analytic foci that researchers have used in the evaluation of social acceptance and awareness
of FCH hydrogen are equally diverse and studies have considered multiple stakeholders
simultaneously, as well as specific single types of stakeholder – though it should be noted that
even within a class of stakeholder (such as ‘the public’) there will be heterogeneity in the
various attitudinal dimensions. Nonetheless, while acknowledging within-category
heterogeneity, in the following section we provide an overview of the literature organised by
basic stakeholder categories and countries as units of analysis (Table 4).

3.1.Government
The first studies related to stakeholder acceptance and expectations of hydrogen technologies
were mainly promoted by the US Department of Energy Hydrogen Programme from the late
90’s in order to evaluate the familiarity with hydrogen and establish a baseline for education
campaigns on hydrogen in different target groups. Also in the US a series of studies by the
National Renewable Energy Laboratory of the DoE were started in 2006 (Melendez, 2006). The
objective was to identify key concepts and lessons learned through the evaluation and
deployment of alternative fuels and apply it in the transition to hydrogen-based transportation
system. In this vein, Collantes (2008) carried out a study of stakeholders’ policy beliefs and
policy preferences to identify the dimensions that characterize the debate over energy policy
in the United States. Within DoE, Truett & Schmoyer (2006) include in their analysis 250 local
government officials, using a qualitative approach. With the aim of understanding the
knowledge and opinion of those populations, the DoE studies found acceptance to be highly
correlated with knowledge of H2 and individuals’ own experience.
The European Commission in the extension of the Fuel Cells & Hydrogen Joint Technology
Initiative under Horizon 2020 (European Commision, 2013) presented the results from a
consultation using an on-line questionnaire in 20 member states. The study included
representatives of SMEs, research organizations, NGOs and State administrations. The
consultation aimed at gathering key views relating the possible extension of the FCH Joint
Undertaking (JU) under Horizon 2020 and key challenges in FCH research and innovation.
Other studies in Europe have been carried out to explore stakeholders’ views on specific
hydrogen demonstration projects. In the framework of the ECTOS project, Raven et al. (2009)
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analyzed social acceptance of hydrogen buses in Reykjavik, Iceland. By means of focus groups
with representatives of the industry, politicians, media, and government key problems, main
uncertainties as well as factors likely to promote success were identified (Raven, Mourik,
Feenstra, & Heiskanen, 2009). The results show, first, the feasibility of running a hydrogenfuelled public bus system; second, the possibilities to increase public awareness on hydrogen
technology; and, third, the need for an integration of using hydrogen as a clean fuel.

3.2.Industry
In Europe, Lossen et al. (2003), carried out qualitative interviews with high-level executives
followed by an Internet survey involving attitudinal questions regarding the market success of
vehicles powered by hydrogen (Lossen, Armbruster, Horn, Kraus, & Schich, 2003). Ricci and
colleagues, also in 2007, explored how embryonic hydrogen economies are being
characterized and developed (Ricci, Bellaby, & Flynn, 2007). The results show that awareness
was low in general, and attitudes were positive or negative depending on hydrogen knowledge
and understanding. The conclusion is that providing information is crucial, other than create a
trusting atmosphere surrounding hydrogen applications. Behaviour towards hydrogen
applications involved a trade/off about, benefits and safety. In particular, there was a concern
for safety in the use of hydrogen technologies. However, this concern was not avoiding
participants to use nor accept those technologies.

3.3.General public at the country level
There are studies aimed at investigating the attitudes of the general public in countries such as
Germany (Zimmer & Welke, 2012) or the Netherlands (Achterberg, 2014). These studies are
usually based on representative samples (of around 1000 individuals) of the general
population. Studies at the regional and the local level have investigated public attitudes
towards hydrogen technologies in specific regions or cities with embryonic hydrogen
developments. Examples of these studies are Ricci, Bellaby, & Flynn (2010) in Wales and
London; Haraldsson et al., (2006) in Stockholm; Ogarra, Mourato, & Pearson (2005) in London;
or Zimmer & Welke (2012) in Berlin; Bellaby et al (2016, for the UK Department of Transport,
reporting on a 2007-8 UK nationally representative survey and focus groups in contrasting
travel to work areas). Other types of study include that by Trommsdorff (2004), aimed at
describing probable scenarios regarding the future fuel mix in the course of a Delphi-study;
and Velte et al (2004) as part of the EurEnDel Scenarios project, on Europe’s energy system by
2030, on experts’ views on hydrogen energy (Velte, Araguas, Nielsen, & Jörb, 2004).
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3.4.General public at the local level
The European studies on stakeholder acceptance appeared in Germany in the frame of
‘AcceptH2 project’. The work compares public attitudes in London (United Kingdom),
Luxemburg City (Luxemburg), Munich (Germany), Perth (Australia) and Oakland (USA),
enabling international comparisons of perception to be made and contributing to the
international R&D cooperation objectives of the EC. The objective of this project was to assess
economic preferences towards the potential and actual use of hydrogen buses by conducting
'before' and 'after' economic valuation studies within London, Munich, Luxemburg, Perth and
Oakland. In addition, the project assessed the level of influence of the hydrogen bus
demonstration projects in these cities on local perceptions of and attitudes towards hydrogen
buses by comparing the studies within each city. Factors that explain the degrees of success
and influence of each of the five demonstration projects were analysed, and potential public
perception barriers to the introduction of hydrogen buses identified. The project allowed an
important international comparison of public perception and preferences, with a focus on
European countries.
Within the HyTrust project, funded by the Federal Ministry of Transport in Germany, launched
in 2009 in order to analyze the state of public acceptance of hydrogen technology in Germany,
Zimmer & Welke (2012) analysed public acceptance by the means of interviews, focus groups,
representative surveys, a citizens’ conference and case studies (e.g. with people passing by a
hydrogen fuel station in Berlin). The aim was to understand how people perceive hydrogen
technologies and which opinions, mental images and attitudes toward hydrogen technologies
they had. The main results show that populations had a very positive attitude towards
hydrogen-powered cars when their use has green benefits. Recommendations for political and
business decision-makers are related to care about producing hydrogen using renewable
energy.

3.5.Customers and users
For instance, research by Kang & Park, 2011) investigated customer acceptance of hydrogen
fuel cell vehicles. O’Garra et al., (2007) studied samples of bus users in four European cities.
Tarigan, Bayer, Langhelle, & Thesen (2012) studied the attitudes towards hydrogen fuel
stations of individuals living within a 1-km radius of a hydrogen refuelling station; and O’Garra
et al. (2008), in the context of the H2 Infrastructure Survey, studied a sample of the population
in households near existing commercial refuelling stations in London.
A study by Hoelzinger & Luedi-Geoffroy (2013) in the context of the CHIC project has examined
the factors influencing social acceptance by means of face-to-face interviews with stakeholders
in five EU regions included in the project: Aargau, Bolzano, Cologne, Hamburg, and Oslo. The
authors highlighted the influence of technology and project framing and expectations on the
acceptance process. Also within the CHIC project, a study of stakeholders critical of hydrogen
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technologies was carried out by Whitehouse & Whitehouse (2013). An engagement process
was initiated with a selection of individuals identified as critical or sceptics of hydrogen in
transport. The authors aimed at listening to and documenting the views of these stakeholders
in order to understand what obstacles may exist to progression hydrogen powered transport.
Authors were also interested in the way of overcoming those obstacles.

3.6.NGOs and civil society
A considerable amount of social research on hydrogen acceptance by key stakeholders
appeared around 2007 and 2008, coinciding perhaps with an early peak in enthusiasm for
hydrogen. Some of this work included consultation of NGOs in addition to other stakeholders.
McDowall & Eames, for instance, provided a multi-stakeholder integrated assessment of the
environmental, social and economic sustainability of six possible future hydrogen energy
systems in the UK (McDowall & Eames, 2007).
In the framework of the HyWays project, several relevant social studies were carried out.
Murray et al. (2008) reviewed the Polish energy system, resources, policies and measures from
the perspective of planning a transition to a hydrogen-based economy (Murray, Hugo
Seymour, Rogut, & Zechowska, 2008). Seymour described results obtained through the
systematic approach employed in HyWays to gather stakeholder views on the main challenges
posed by the introduction of a hydrogen economy in different countries: Finland, France,
Germany, Greece, Italy, Netherlands, UK, Norway, Poland, and Spain (Seymour, Murray, &
Fernandes, 2008).
Table 4. Populations and stakeholder groups in FCH social acceptance research
Stakeholder group

Government (local or national depending on the
specific versus general or wide nature of the study)

Industry (as potential large users, fuel cells
developers, manufacturers, fuel providers, etc.)

Studies
Collantes, 2008; Murray et al., 2008; Raven et
al., 2009 ; Hart et al., 2009 ; Park, 2013 ;
Whitehouse& Whitehouse, 2013

HTAP, 1998; Lossen et al., 2003; Schmoyer,
Truett & Cooper, 2006; Melendez &
Milbrandt, 2006; Ricci, Bellaby & Flynn, 2007

General public at the country level

General public at the local level (cities)
Customers and users (e.g., passengers of fuel-cell
vehicles)
NGOs and civil society organisations
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Population potentially affected by an hydrogen
infrastructure
Experts
Research community (Scientists from university and
research centres)

Selected age groups (e.g. young people)
Workers
Media
Students
Educational community
Interest groups

Park, 2013; European Commission, 2013
N. M. A. Huijts et al., 2013
Hisschemöller & Bode, 2010
HTAP, 1998; Melendez, 2006; Murray et al.,
2008; Hart et al., 2009; Park, 2013 ;
Whitehouse & Whitehouse, 2013; European
Commision, 2013; Ren et al., 2015
Bellaby & Clark, 2014
Besley & Baxter-Clemmons, 2010
Raven et al., 2009
DOE Survey
Truett, 2003
Whitehouse & Whitehouse, 2013

3.7.Population potentially affected by an hydrogen infrastructure
The study by Huijts, De Groot, Molin & Van Wee (2013) measures the intention to act in favour
of a hydrogen refuelling facility. In 2014, Huijts, Molin, & van Wee (2014), with the same aim,
provided participants an information text consisting of neutral information on costs, risks and
benefits of hydrogen fuel use and of hydrogen fuel stations and a short description of
viewpoints of stakeholders. In 2015, Huijts & van Wee (2015) go further in the analysis,
concluding that citizens living nearer to a fuel station location are more negative about the
placing of a hydrogen fuel station there than citizens living further away.

3.8.Experts and research community
Research by Hart et al. (2009) sought to understand the views of experts working in the field
on the issues that would have significant potential to slow down or prevent the introduction of
hydrogen technology in transport (Hart, Anghel, Huijsmans, & Vuille, 2009). The study
comprises China, Japan, North America and Europe and a total of 49 experts (academic and
government representatives) were interviewed. Comparative analysis among countries was
reported regarding technical performance, costs or policy aspects.
Hisschemöller and Bode carried out a stakeholder dialogue process in 2010 in the Netherlands
regarding the possible contribution of hydrogen in the Dutch energy transition. Invited experts
identified main barriers and opportunities, revealing for instance that opinions were strongly
divided with respect to small-scale domestic appliances (Hisschemöller & Bode, 2011). In a
similar study in Germany, Galich and Marz sought to reveal non-technical issues (particularly
cultural context) relevant to the contribution of hydrogen to a sustainable and emission-free
transport and energy system (Galich & Marz, 2012). They presented a case study with
interviews, direct observation and document analysis and inferred an overall model for the
analysis of culture in technological innovations.
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Park carried out in 2013 another international comparison on hydrogen niche formation in the
UK and South Korea with a case study methodology. The main objective was to examine the
role of national policy in shaping the early stage of hydrogen niche formation from the national
innovation systems perspective (Park, 2013). More recently, Ren, Gao, Tan, & Dong (2015)
aimed to understand the current status of H2 economy and draft effective future strategies to
promote its development in China. The authors identify strengths, weaknesses, opportunities
and threats on hydrogen economy. They also proposed nine strategies intended to help
stakeholders and decision-makers in the field.

3.9.Selected age groups
Other studies have focused on selected groups within the public that may have a specific
interest in hydrogen technologies such as potential customers, users of hydrogen buses and
cars or people living close to hydrogen infrastructures. Other studies, such as the one by
Bellaby & Clark, (2014) or the DOE surveys have focused on populations with specific
sociodemographic characteristics (e.g. young people).
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4. RESEARCH ON PUBLIC ACCEPTANCE OF FCH TECHNOLOGIES
In this section, we provide an overview, albeit in more depth than above, of the studies on
public awareness and acceptance of hydrogen technologies. We emphasise the wide range of
research questions, methods and the samples used in these studies, so that the range of study
types can be appreciated.
A great deal of socio-psychological research has been conducted on public awareness and
acceptance of hydrogen technologies in various countries in the last 20 years. This research has
been characterized mainly by studies with specific populations (such as users of hydrogen
buses or young people) as well as by survey studies at the country level with representative
samples of members of the general public. Examples of the latter are the study by Zimmer &
Welke (2012) in Germany; Zachariah-Wolff & Hemmes (2006) or Achterberg, (2014) in the
Netherlands; R. Schmoyer & Cooper (2008) in USA. The main objective of this research has
been to understand how the public reacts to specific hydrogen developments as well as to
examine current levels of awareness, familiarity and acceptance of hydrogen technologies. An
overview of the various conceptual frameworks and methodologies used in this research has
been provided in various review articles (Ricci, Bellaby, & Flynn, 2008; Truett & Schmoyer,
2008; Yetano Roche, Mourato, Fischedick, Pietzner, & Viebahn, 2010)
Below, we review the literature on public awareness and acceptance of hydrogen technologies
according to four dimensions:






Dimensions under study. Socio-psychological dimensions studied in the literature (e.g.
awareness, knowledge, familiarity, global attitude, emotions, acceptance and support,
etc.).
Hydrogen and fuel cell applications under study. Technological objects under study
(e.g. hydrogen vehicles, hydrogen infrastructures).
Methodological approaches. Social research methods implemented in the reviewed
studies.
Studied populations and samples. Types of populations and samples studied.

Then, we provide a brief overview of the most recent and relevant survey studies carried out in
Europe in the last five years.

4.1.Dimensions under study
In line with the psycho-social research developed in the context of other energy technologies
(such as nuclear, wind, CCS), as well as with risk perception studies and other areas in the
social sciences, research on public attitudes towards hydrogen technologies has focused on a
number of relevant dimensions of the public attitudes, from familiarity to acceptance,
willingness to pay or support for hydrogen developments (see Table 1). If we consider survey
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research with samples of the general population, we can find studies aimed at describing these
specific dimensions of the public reactions among the studied populations (e.g. what are the
levels of knowledge and awareness about hydrogen technologies among the general public in
a specific country?). On the other hand, other studies (explanatory research) have tried to
understand why levels of awareness and acceptance of hydrogen varies across individuals,
populations, social groups and contexts by investigating the association between various
influencing factors (e.g. socio-demographics, previous attitudes, trust in science, etc.) and the
attitude towards hydrogen.
Describing the levels of public awareness about hydrogen technologies has been an initial
focus of social research in this area. Generally, survey studies with country level samples show
that public awareness about hydrogen is high in Europe, but also that it varies significantly
across European countries. The Eurobarometer on energy technologies carried out in 2006 by
the EC (European Commission, 2007) found that five out of ten EU citizens reported having
heard about hydrogen energy and cars and four out of ten reported having heard about fuel
cells (European Commission, 2007). Awareness was significantly higher in countries such as
Denmark or the Netherlands and lower in Eastern European countries. For instance, the study
by Zimmer & Welke (2012), based on a survey to the German population, found that 70% of
respondents had heard about hydrogen technologies, and a 15% had even used hydrogen
powered vehicles.
These levels of awareness do not correspond, necessarily, with high levels of public knowledge
about hydrogen technologies. The majority of studies have found a general lack of technical
knowledge about hydrogen, fuel cells and hydrogen vehicles. For example, the United States’
Department of Energy (DoE), in two surveys carried out in 2004 and 2008, found that only
around 35% of the sample was able to provide a correct answer to eight questions about
hydrogen technologies. The study by the DOE also found a low level of reported familiarity
with hydrogen technologies. Almost 9 out of 10 individuals considered themselves “not at all
familiar” or “slightly familiar” with hydrogen and fuel cell technologies. Low levels of public
knowledge about hydrogen have also been reported in studies by Zachariah-Wolff & Hemmes,
(2006), based on a sample of the Dutch population, and by Zimmer & Welke (2012) in
Germany.
One of the main objectives of psycho-social research in this area has been to examine public
acceptance of hydrogen technologies and applications. Studies generally indicate that the
public tends to report positive attitudes towards hydrogen in general. For instance, the study
by Zachariah-Wolff & Hemmes (2006) indicated that hydrogen was perceived as
environmentally friendly and the willingness to use hydrogen was rather high. (Schulte, Hart, &
Van der Vorst (2004) found that the response towards hydrogen vehicles was generally
positive and that the levels of acceptance were high. Heinz & Erdmann (2008), based on a
survey in eight European cities, found that a majority of citizens (68%) would support a
substitution of conventional buses by hydrogen buses and only 1% would object to this, but
also that a significant 31% of the sample reported being indifferent or needing more
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information to come to a decision concerning the substitution of conventional buses by
hydrogen buses. Zimmer & Welke (2012) found that 79% of the respondents gave a clear vote
for the introduction of hydrogen powered cars. Only 4% of the respondents opposed the
introduction of hydrogen powered-cars. Tarigan, Bayer, Langhelle, & Thesen (2012) found that
most part of the residents in one Norwegian region supported the introduction of hydrogen
vehicles, but also that the number of supporters decreased from 2006 to 2009.
Another relevant question regarding public acceptance of hydrogen and fuel cell technologies
is whether individuals have enough familiarity with the technology to provide a stable and
reliable evaluation. For instance, the study by O’Garra, Mourato, & Pearson (2005) found that
over a third (35%) of respondents supported the introduction of H2 vehicles, but most (60%)
said they would “need more information” to provide an evaluation.
One key idea from previous studies on public attitudes towards new energy technologies is
that lay individuals may provide an evaluation, an opinion about a specific technology, even
when they lack a clear understanding of the technology addressed by the survey. These
opinions have been labelled by researchers as pseudo opinions (Best-waldhober & Daamen,
2006) and may be characterized as unstable and unreliable. The same problem, called also the
“non-attitude problem” (Barton, 2008), arises in other areas of attitudinal research.
Finally, a number of studies on public attitudes towards hydrogen and fuel cell technologies
have aimed at understanding the factors influencing individuals’ attitudes towards hydrogen.
The majority of these studies have investigated the role of personal and psychological factors
such as knowledge, environmental attitudes or previous beliefs in attitude formation and
acceptance in the context of transport applications. In the following table, a number of
potentially influential factors are listed.
Table 5. Illustrative studies on the factors influencing individuals’ attitudes towards hydrogen
technologies
Technology-related

Personal and psycho-social factors

The way H2 is produced

Prior knowledge

Di Ruggero et al., 2013;
Yetano Roche et al.,
2010; Ricci et al., 2008;
Huijts et al., 2013;
Zimmer and Welke,
2012; Di Ruggero et al.,
2013; Achterberg, 2012;
Cherryman et al., 2008

Contextual

O’Garra, 2005; Schulte et
al., 2004; Achterberg et al.,
2010; Mourato et al. 2004;
Thesen and Langhelle, 2008;
Huijts, 2014

Trust in industry and social
actors
Achterberg, 2012; Kang and
Park, 2011; Ricci et al. 2008,
2009; Cherryman et al.,
2004; Huijts et al. 2014;
Germán and Navajas, 2011

Media
Ricci et al., 2008; Thesen
and Langhelle, 2008

Cost

Environmental attitudes

Experience

Information received

O'Garra, 2005; Flynn et
al., 2008; Cherryman et
al., 2008; Germán and
Navajas, 2011; Mourato,
2004; Kang and Park,
2011; Altman and

O'Garra, 2005; O’Garra et
al., 2007; Tarigan et al.,
2012; Tarigan and Bayer,
2012; Flynn, 2013; Zimmer
and Welke, 2012; Kang and
Park, 2011; Achterberg et

Schulte et al., 2004; Zimmer
and Hölzinger, 2010; Ricci
et al. 2008; Kang and Park,
2011

Heinz and Erdmann,
2008; Yetano Roche et al.,
2010; Achterberg, 2012;
Zacariah-Wolf, 2006;
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Schmidt, 2003

al., 2010; Achterberg, 2012

Complexity of H2 system

Own personal well-being,
self-interest
Mourato, 2004; Flynn et al.,
2013; O'Garra, 2005;

Trust in technology

Community relations

Achterberg et al., 2010;
Tarigan et al., 2012

Heiskanen et al. , 2007

Socio-demographics

Cultural predispositions

Gender (Cherryman et al.,
2008; LBST, 2003;
Achterberg et al., 2010;
Achterberg, 2012)

Achterberg et al., 2010;
Achterberg, 2012; Kang and
Park 2011; Ricci et al. 2008

Yetano Roche et al.,
2010; StorHY project,
2005

2006.

4.2.Hydrogen and fuel cell applications under study
Given the variety of applications, sectors and contexts in which hydrogen can be introduced,
studies of perceptions of and attitudes towards hydrogen differ, also, in terms of the hydrogen
application being studied, that is, the object of the attitude being researched (generally
hydrogen as a general technology, hydrogen infrastructures or fuel cell applications). In a
review of previous studies on hydrogen acceptance, Yetano Roche et al. (2010) indicate that
studies on public attitudes towards hydrogen have been generally limited in scope, in the
sense that they “focus on the attitudes and preferences towards specific parts of the
technology (e.g. the vehicle, the storage technology), rather than on a whole-system
perspective, encompassing end-use, production and distribution”.
However, in the last years, several studies have researched public attitudes towards hydrogen
and hydrogen economy. The surveys carried out within the US Department of Energy’s
Hydrogen Program (Schmoyer, Truett, Cooper, & Chew, 2010) for instance, gathered data
about awareness and attitudes towards hydrogen and fuel cell technologies. Although these
kinds of studies often also measure attitudes towards hydrogen infrastructures, the focus is
usually on the attitude towards hydrogen as a general technology and energy carrier. Other
studies with a similar orientation are the study by Zachariah-Wolff & Hemmes (2006), in which
participants were asked about their initial reaction to hydrogen, their attitude towards
hydrogen investments and their perception of specific hydrogen applications such as hydrogen
vehicles and home applications, or the one by Achterberg (2014) on public support for
hydrogen technologies.
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Table 6. Examples of hydrogen technologies studied in social acceptance research and illustrative studies
Type of object under study

Examples of studies

Hydrogen (e.g. production methods, etc.)

Schmoyer et al., 2006; Zachariah-Wolff and
Hemmes, 2006; Achterberg, 2014

Energy-generation infrastructures (e.g. windhydrogen)

Sherry-Brennan et al., 2007

Hydrogen refuelling facilities

Huijts, Molin, & van Wee (2014); Martin, E.,
Shaheen, S., Lipman, T., Lidicker (2009)

Fuel cell hydrogen vehicles

O’Garra et al., 2005; Heffner et al., 2007.
Haraldsson, Folkesson, Saxe, & Alvfors (2006);
O’Garra et al., 2007; Heo & Yoo, (2013)

Fuel cell residential applications

Zachariah-Wolff & Hemmes (2006)

Research on the public reactions to specific hydrogen projects or infrastructures is less
common but also relevant. For instance, Sherry-Brennan, Devine-Wright, & Devine-Wright
(2010) surveyed public reactions towards a wind–hydrogen generation and storage project
installed in a small community in the UK. O’Garra, Mourato, & Pearson (2008) investigated
local attitudes towards the proposed installation of hydrogen storage facilities at existing
refuelling stations throughout London, and Tarigan, Bayer, Langhelle, & Thesen (2012)
investigated public acceptance of hydrogen refuelling stations based on a sample of residents
in a Norwegian region. This study also compared acceptance levels among individuals living
very close to the refuelling stations and those living beyond the stations’ site.
Finally, a large amount of the studies on public acceptance of hydrogen have focused on the
public reactions to fuel cell hydrogen vehicles (mainly buses and cars) (see for a review (Yetano
Roche et al., 2010). For instance, in one of the first studies on the public reactions to hydrogen
vehicles, Altman and Graesel (1998) studied the acceptance of hydrogen technologies among
samples of users and non-users of a hydrogen bus in Munich. More recently, Haraldsson,
Folkesson, Saxe, & Alvfors (2006) investigated passenger’s experience, attitude and acceptance
of fuel cell hydrogen technologies among a sample of commuting passengers on-board a fuel
cell bus. And Heo & Yoo (2013) measured the public's willingness to pay (WTP) for a large-scale
introduction of FCH buses in Korea.
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4.3.Methodological approaches
The majority of studies on public attitudes towards hydrogen technologies are based on crosssectional surveys. Data on public awareness, knowledge and acceptance are collected through
questionnaires implemented on samples of the general population or of specific groups of the
population. There is a huge diversity of questionnaires implemented by a diversity of
procedures (face to face, telephone or self-administered, postal and electronically). For
instance, the DOE surveys are based on a questionnaire implemented via telephone with
samples of the general population and including 19 items measuring dimensions such as
familiarity, knowledge and the general attitude towards hydrogen applications. The study by
O’Garra et al., (2008) distributed a self-administered questionnaire among individuals living in
households near refuelling stations in order to test for the impact of distance on opposition
likelihood. The study by (Huijts, De Groot, Molin, & van Wee, 2013) implemented an online
questionnaire to measure a number of variables such as intention to act in favour of a
hydrogen refuelling facility.
In order to avoid the problems derived from the low levels of familiarity with hydrogen
technologies, some studies provide neutral information about hydrogen to participants before
responding to the questionnaire. As Yetano Roche et al. (2010) discuss, there is a need for the
“use of approaches that build knowledge and familiarity with the technology prior to the
exploration of attitudes”. In that sense, the study by (O’Garra et al., 2008) provided
respondents with neutral and balanced information on the advantages and disadvantages of
hydrogen as a fuel for transport, as well as a brief description of a H2 storage and refuelling
facility. The study by Huijts, Molin, & van Wee (2014), based on a questionnaire survey with a
representative sample of Dutch citizens, provided participants an information text consisting
of neutral information on costs, risks and benefits of hydrogen fuel use and of hydrogen fuel
stations and a short description of viewpoints of stakeholders. The information provided was
considered as representing potential information reaching citizens through the media.
We can classify the various questionnaire survey studies in three categories: those not giving
information, those giving information in a non-structured way and those using more
structured methods of providing information to elicit opinions (such as the Information choice
questionnaire).
Table 7. Types of questionnaires implemented in survey research on public acceptance of hydrogen
technologies
Conventional
questionnaire


No provision of
information
E.g. DOE surveys
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Questionnaire with
information


Provision of brief
information
E.g. Achterberg, 2014

Questionnaire structured around
information



Provision of information
Reflective evaluation of
options.
E.g. De Best-Waldhober and
Daamen, 2006
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Other studies make use of a combination of research methods. For instance, Zimmer & Welke,
2012, in the context of the HyTrust project, implemented semi-structured interviews, focus
groups and a representative survey with members of the general public in Germany to
understand opinions, mental images and attitudes toward hydrogen technologies. Interviews
and focus groups were carried out in two German cities where hydrogen technologies are
somehow present in people’s everyday experience. The survey questionnaire was
implemented via telephone among a representative sample of 1011 individuals. It measured
levels of awareness, perceptions and associations, as well as the attitudes towards hydrogen
vehicles and conditions for hydrogen introduction.
There are also qualitative studies on the lay perceptions of hydrogen technologies. Bellaby,
Upham et al. (2007) and Flynn, Ricci, & Bellaby (2011) report on 12 demographically and
functionally segmented focus groups in three different areas in the UK to investigate public
views about hydrogen energy and its transport implications. Participants were drawn from a
nationally representative survey and group discussions were stimulated with a specially
produced DVD about hydrogen energy. Cherryman, King, Hawkes, Dinsdale & Hawkes (2008)
explored public concerns about hydrogen technologies via focus groups in Wales. Group
discussions were divided into two sessions. The second session was structured around
answering the questions raised by the group in the previous week by an expert. Bellaby & Clark
(2014) also report the results from focus groups with samples of young student visitors of the
Hydrogen Research and Demonstration Centre in the UK.

4.4.Populations and samples
A large part of the studies on the public acceptance of hydrogen technologies have focused on
the general population at the country, regional or the local level. For instance, we can find
studies aimed at investigating the attitudes of the general public in countries such as Germany
(Zimmer & Welke, 2012) or the Netherlands (Achterberg, 2014). These studies are usually
based on representative samples (of around 1000 individuals) of the general population.
Studies at the regional and the local level have investigated public attitudes towards hydrogen
technologies in specific regions or cities with embryonic hydrogen developments. Examples of
these studies are Ricci, Bellaby, & Flynn (2010) in Wales and London; Haraldsson et al., (2006)
in Stockholm; Ogarra, Mourato, & Pearson( 2005) in London; or (Zimmer & Welke, 2012) in
Berlin.
Other studies have focused on selected groups within the public that may have a specific
interest in hydrogen technologies such as potential customers, users of hydrogen buses and
cars or people living close to hydrogen infrastructures. For instance, research by Kang & Park,
2011) investigated customer acceptance of hydrogen fuel cell vehicles. O’Garra et al., (2007)
studied samples of bus users in four European cities. Tarigan, Bayer, Langhelle, & Thesen
(2012) studied the attitudes towards hydrogen fuel stations of individuals living within a 1-km
radius of a hydrogen refuelling station; and O’Garra et al., 2008), in the context of the H2
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Infrastructure Survey, studied a sample of the population in households near existing
commercial refuelling stations in London. Other studies, such as the one by Bellaby & Clark,
(2014) or the DOE surveys have focused on populations with certain sociodemographic
characteristics (e.g. young people).
Table 8. Types of populations studied in social acceptance research and illustrative studies
Type of population

Studies

General public at the country level

Achterberg, 2014; Huijts et al., 2014;
Schmoyer et al., 2006.

General public at the local level (cities)

Sherry-Brennan et al., (2010)

Customers and users (e.g., passengers of fuel-cell
vehicles)

Kang & Park, (2011)

Population potentially affected by a hydrogen
infrastructure

N. M. A. Huijts et al., (2013)

Students

DOE Survey

Selected age groups (e.g. young people)

Bellaby & Clark, (2014)

Workers

Besley & Baxter-Clemmons, (2010)

4.5.Countries studied
The baseline of FCH technology research is related to specific projects, such as the AcceptH2
project, the Stor-HY project, the UKSHEC consortia or the CreateAcceptance project.
Therefore, generally speaking, survey studies with country level samples show that public
awareness about hydrogen is high in Europe, but also that it varies significantly across
European countries. The Eurobarometer on energy technologies carried out in 2006 by the EC
(European Commission, 2007) found five out of ten EU citizens reported having heard about
hydrogen energy and cars and four out of ten reported having heard about fuel cells (European
Commission, 2007). Awareness was significantly higher in countries such as Denmark or the
Netherlands and lower in Eastern European countries. Heinz & Erdmann (2008), based on a
survey in eight European cities, found that a majority of citizens (68%) would support a
substitution of conventional buses by hydrogen buses and only 1% would object to this, but
also that a significant 31% of the sample reported being indifferent or needing more
information to come to a decision concerning the substitution of conventional buses by
hydrogen buses. Specific research has been conducted in several countries that we specify in
the following (Table 5).
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Table 9. Countries in FCH technology research
Country

Germany

Data
collection
Survey
questionnaire
based on
interviews and
focus groups.

Data gathered
in 2008 through
an online survey
questionnaire

Research question or
focus
Understand how people
perceive hydrogen
technologies and which
opinions, mental images
and attitudes toward
hydrogen technologies
they have.
The relationship
between the information
one has about the
hydrogen technology,
how one is culturally
predisposed and the way
one judge’s hydrogen
technology.

The
Netherlands

Norway

Sweden

UK

06/06/2016

Population
and sample
General
population
(1011 people
were
interviewed).

Representative
sample of the
Dutch
population
(n=2121)

Ref.

Year

Zimmer and
Welke

2012

Achterberg et
al.

2010, 2014

Huijts et al.

2013

Online
questionnaire
(action-related
items)

Knowing what motivates
citizens intention to act
in favour of or against
hydrogen refuelling
facilities

Dutch citizens:
Informed group
/ group control
(no information)
persons living
less than 500m
from a refuelling
station were
oversampled
n=800

Data set
collection
through a
random
telephone
survey to 1270
phone numbers
and interviews

The effect of knowledge
and environmental
attitude on the likelihood
of supporting the
introduction of hydrogen
vehicles and refuelling
stations, the use of
hydrogen vehicles in the
future and willingness to
pay more for hydrogen
fuel.

Sample of the
general
population. Two
groups (back
yard and
general
population)
n=1000

Tarigan et al.

2012

The attitude towards
hydrogen fuel cell buses
among passengers and
bus drivers.

Sample of the
passengers
(n=518) and bus
drivers ( n=23)

Haraldsson,
Folkesson ,
Saxe &
Alvfors

2006

Determinants of
knowledge and
acceptability of hydrogen
vehicles among London
residents.

London
residents. Using
telephone
numbers
generated
randomly in
Excel
n=414

O’Garra,
Mourato &
Pearson

2005

Data set
collection
through a 3-day
field survey of
commuting
passengers onboard the fuel
cell buses
Data set
collection
through a
random
telephone
survey to 420
phone numbers
and interviews
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Data set
collection
through a
random
telephone
survey to 1000
phone numbers
and 9 focus
groups and 5
focus groups

Spain

8 EU
countries

3 EU
countries

6 EU
countries

Canada

US

Korea

06/06/2016

Perceptions of hydrogen
technologies.

Norwich,
Sheffield and
Southampton /
Teeside, South
Wales and
London

6 focus groups
in two cities in
Spain with
people without
a deep
knowledge on
hydrogen
technologies

Bellaby et al.

2007

Ricci et al.

2006

The perception and
awareness of hydrogen
technologies by the
general public in Spain.

Qualitative
analysis with 6
focus groups (40
people each) in
Barcelona and
Puertollano
(Spain)

German &
Navajas

2011

Personal
interviews

An assessment of social
acceptance and public
attitude toward such
technologies
and toward hydrogen as
a fuel.

Sample of the
general
population
n=3352

Heinz &
Erdmann

2008

Case studies

Analysis of the factors
influencing social
acceptance of new
energy technologies.

5 case studies

Hodson et al.
Heiskanen et
al.

2007
2008

Analysis of the
dynamics of the public
attitude toward
hydrogen, whereby the
possibility of
setbacks and accidents
was taken into
consideration.

Sample of the
general
population
n=3352

Heinz &
Erdmann

2008

Analysis of public
perceptions of riders of a
hydrogen hybrid internal
combustion engine bus
and hydrogen as a fuel
source.

Riders on the
bus
n=369

Hickson,
Phillips &
Morales

2007

In-depth
interviews with
householders

Analysis of the perceived
symbolism of buyers of
fuel-cell vehicles.

Households
n=25

Heffner,
Kurani &
Turrentine

2007

Paper-and-peninterview (PAPI)
to 432
individuals

Analysis of the
relationship between
personal experiences
related to the policy and
acceptance of the
innovative products of
hydrogen fuel cell
vehicles.

Sample of the
general
population
n=295

Kang & Park

2011

Personal
interviews were
conducted, with
a standardized
questionnaire
and a
standardized
procedure, to
300 persons in 6
cities
The survey
consisted of
both closed
ended and open
ended
questions to
riders on a bus
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Germany
In one of the first studies on the public reactions to hydrogen vehicles, Altman and Graesel
(1998) studied the acceptance of hydrogen technologies among samples of users and nonusers of a hydrogen bus in Munich. More recently, Haraldsson, Folkesson, Saxe, & Alvfors
(2006) investigated passenger’s experience, attitude and acceptance of fuel cell hydrogen
technologies among a sample of commuting passengers on-board a fuel cell bus.
Schulte, Hart, & Van der Vorst (2004) found that the German public’s response towards
hydrogen vehicles was generally positive and levels of acceptance were high. They review
three important studies conducted in Germany. A German company (Ludwig-BoolkowSystemtechnik GmbH) located in Munich conducted in 1997 a study in co-operation with the
Ludwig-Maximilians University of Munich, with the aim to evaluate the attitudes towards
hydrogen of secondary students in three schools and the passengers of the hydrogen bus
introduced in Munich at that time and finally compare both samples. Another study by Dinse
(1999) examined the feasibility of introducing hydrogen vehicles from technical, political, legal
and social aspects. The analysis of social considerations was based on the results of a survey of
150 participants interviewed on the street in Berlin, Germany. The objective of the survey was
to obtain empirical data, which could then be used to generate hypotheses for the acceptance
of hydrogen and hydrogen vehicles, on which further studies could be based. Finally, another
very comprehensive study on acceptance of hydrogen fuel was performed for BMW; for that
purpose, the staff of BMW Germany was interviewed. The group of participants was randomly
selected and 1000 questionnaires were distributed.
Examples of country level studies related to public awareness and acceptance of hydrogen
technologies with representative samples of members of the general public were also
conducted in Germany. For instance, the study by Zimmer & Welke (2012), based on a survey
of the German population, found that 70% of the respondents had heard about hydrogen
technologies, and a 15% had even used hydrogen powered vehicles. They found that 79% of
the respondents gave a clear vote for the introduction of hydrogen powered cars. Only 4% of
the respondents opposed the introduction of hydrogen powered-cars. However, low levels of
public knowledge about hydrogen have been reported ( Zimmer & Welke, 2012).
Netherlands
Country level studies related to public awareness and acceptance of hydrogen technologies
with representative samples of members of the general public are the study by ZachariahWolff & Hemmes (2006) or Achterberg, (2014) in the Netherlands. The study by ZachariahWolff & Hemmes (2006) indicated that hydrogen was perceived as environmentally friendly
and the willingness to use hydrogen was rather high.
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Norway
O’Garra, Mourato, & Pearson (2008) investigated local attitudes towards the proposed
installation of hydrogen storage facilities at existing refuelling stations throughout London.
And Tarigan, Bayer, Langhelle, & Thesen (2012) investigated public acceptance of hydrogen
refuelling stations based on a sample of residents in a Norwegian region. This study also
compared acceptance levels among individuals living very close to the refuelling stations and
those living beyond the stations’ site. They found that most part of the residents in one
Norwegian region supported the introduction of hydrogen vehicles, but also that the number
of supporters decreased from 2006 to 2009.
UK
Bellaby & Clark (2014) also report the results from focus groups with samples of young student
visitors of the Hydrogen Research and Demonstration Centre in the UK. The study by O’Garra
et al. (2008) provided respondents with neutral and balanced information on the advantages
and disadvantages of hydrogen as a fuel for transport, as well as a brief description of a H2
storage and refuelling facility. Bellaby et al (2008 and 2016) report on 12 demographically and
functionally segmented focus groups in three different areas in the UK to investigate public
views about hydrogen energy and its transport implications. Participants were drawn from a
nationally representative survey of 1000 people and group discussions were stimulated with a
specially produced DVD about hydrogen energy (see also Flynn, Ricci, & Bellaby, 2011).
Cherryman, King, Hawkes, Dinsdale & Hawkes (2008) explored public concerns about hydrogen
technologies via focus groups in Wales. Group discussions were divided into two sessions. The
second session was structured around answering the questions raised by the group in the
previous week by an expert. Sherry-Brennan, Devine-Wright, & Devine-Wright (2010) surveyed
public reactions towards a wind–hydrogen generation and storage project installed in a small
island community north of the Scottish mainland.
USA
The United States’ Department of Energy (DoE), carried out two surveys in 2004 and 2008, and
found that only around 35% of the sample was able to provide a correct answer to eight
questions about hydrogen technologies. The study by the DOE also found a low level of
reported familiarity with hydrogen technologies. Almost 9 out of 10 individuals considered
themselves “not at all familiar” or “slightly familiar” with hydrogen and fuel cell technologies.
Collantes (2008) carried out a study of stakeholders’ policy beliefs and policy preferences to
identify those dimensions that characterize the debate over energy policy in the United States.
In the US, the study by R. Schmoyer & Cooper (2008) relates to public awareness and
acceptance of hydrogen technologies with representative samples of members of the general
public. The levels of awareness do not correspond, necessarily, with high levels of public
knowledge about hydrogen technologies.
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4.6.Selection of survey studies conducted in Europe in the last five
years
In table 6, we have listed some of the most relevant studies published on public acceptance of
hydrogen technologies from 2010 to 2015 according to four main dimensions: country of
study, method of research, research question and population and sample studied. The list aims
at illustrating some of the most recent research efforts to understand public attitudes towards
hydrogen. In this section, we provide more detailed information (data, methods and samples)
on a number of recent survey studies on public perception of hydrogen technologies at the
country or region level. We have only included studies that are based on questionnaires and
on nationally representative samples of lay citizens.
Table 10. Studies on hydrogen public acceptance published in the last five years and based on survey
research with representative samples at the country or region level
Ref.

Achterberg
et al.

Tarigan et
al. 2012

Zimmer
and Welke

Huijts et al.

06/06/2016

Year

2010,
2014

2012

2012

2013

Country

Data collection

The
Netherlands

Greater
Stavanger,
Norway

Germany

The
Netherlands

Research question or focus

Population and
sample

Data gathered in
2008 through an
online survey
questionnaire

The relationship between the
information one has about the
hydrogen technology, how one
is culturally predisposed and
the way one judge’s hydrogen
technology.

Data set collection
through a random
telephone survey to
1270 phone numbers
and interviews

The effect of knowledge and
environmental attitude on the
likelihood of supporting the
introduction of hydrogen
vehicles and refuelling stations,
the use of hydrogen vehicles in
the future and willingness to
pay more for hydrogen fuel.

Sample of the
general population.
Two groups (back
yard and general
population)
n=1000

Survey questionnaire
based on interviews
and focus groups.

Understand how people
perceive hydrogen technologies
and which opinions, mental
images and attitudes toward
hydrogen technologies they
have.

General population
(1011 people were
interviewed).

Knowing what motivates
citizens intention to act in
favour of or against hydrogen
refuelling facilities

Dutch citizens:
Informed group /
group control (no
information)
persons living less
than 500m from a
refuelling station
were oversampled
n=800

Online questionnaire
(action-related
items)
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Achterberg, Houtman, van Bohemen, & Manevska (2010) and Achterberg (2014). The
changing face of public support for hydrogen technology explaining declining support
among the Dutch (2008–2013).

This study was aimed at investigating levels of knowledge and support towards the
introduction of hydrogen technologies among the general public in the Netherlands. The study
was based on a cross-sectional survey with a representative sample of the Dutch population.
The data were gathered in November 2008 among 2121 members of an online panel. The
questionnaire was implemented online. Support for hydrogen was measured using nine items
covering the support for hydrogen technology and the acceptability of hydrogen. To measure
levels of knowledge about hydrogen, seven questions about hydrogen technology (based on
the study by Zachariah-Wolff & Hemmes (2006)) were posed to respondents. Other relevant
variables measured were general trust in technology and environmental concern. The
questionnaire was implemented again in December 2013 among members of the online panel
to study change between 2008 and 2013.


Tarigan et al., (2012). Estimating determinants of public acceptance of hydrogen
vehicles and refuelling stations in greater Stavanger.

This study investigated the public acceptance of the introduction of hydrogen vehicles and
refuelling stations in the Greater Stavanger region, in Norway. The study specifically
investigated the influence of prior levels of knowledge and environmental attitudes on
acceptance and support for hydrogen. It also investigated the association between distance to
the refuelling station and acceptance. The study was based on a telephone survey with 1270
residents in the region. The questionnaire included items measuring self-perceived knowledge
related to hydrogen vehicles and refuelling stations, support, general attitude and willingness
to pay. The main dependent variable measured was the “level of support toward the
introduction of hydrogen vehicles and refuelling stations in Greater Stavange”.


Zimmer & Welke (2012). Let’s go green with hydrogen! The general public's perspective

In this study, a cross-sectional survey was implemented in 2010 via telephone with a
representative sample of the German population to understand public attitudes towards
hydrogen technologies. The questionnaire was based on previous interviews and focus groups
with lay citizens in Berlin. It was designed to measure awareness of hydrogen as a vehicle fuel,
attitudes towards hydrogen vehicles, support and acceptance as well as evaluation of various
conditions in the introduction of hydrogen technologies. A final measure of acceptance was
introduced in the questionnaire with the following item: “Considering everything you know
about hydrogen-powered cars or have just heard about them: Are you for or against the
introduction of hydrogen-powered cars?”
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Huijts et al., 2014. Hydrogen fuel station acceptance: A structural equation model
based on the technology acceptance framework

This study was aimed at investigating public acceptance of hydrogen fuel stations in the
Netherlands. Specifically, the study investigated the intention to act in favour of the
technology, as well as the influence on intention of personal norms, positive affect and the
perceived effects of the technology. A questionnaire survey was implemented with a sample of
the Dutch population recruited from a large panel. The questionnaire was administered online.
The final sample consisted of 1214 citizens. A majority (N= 800) of the participants received
information about hydrogen, hydrogen vehicles, its potential benefits and costs and about
hydrogen refuelling facilities prior to the questions. The main dependent variable was
“intention to act”, measured as the likelihood that an individual would take a specific action
(e.g. sign a petition) in favour of/against a hydrogen fuel station.
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5. RESEARCH

ON

STAKEHOLDER

ACCEPTANCE

OF

FCH

TECHNOLOGIES
Studies on stakeholder acceptance and expectations for hydrogen energy and FCH
technologies can be clustered around two main types of studies:
1.

2.

Expert consultations focused on the technical and policy issues regarding FCH
technologies such as costs, safety and performance. These studies are often based
on a range of consultation and futures techniques and problem structuring
methods for the identification of key issues for hydrogen deployment. This type of
study is usually focused on dimensions such as price, safety, performance,
flexibility regarding specific hydrogen fuel cell technologies (e.g. hydrogen
vehicles) as well as on describing probable scenarios regarding the future fuel mix
(Hart et al., 2009; Hisschemöller & Bode, 2011; McDowall & Eames, 2007;
Melendez & Milbrandt, 2006; Park, 2013; Ren et al., 2014; Trommsdorff, 2004;
Velte et al., 2004).
Stakeholder acceptance studies. This type of study, the main focus of this research
project, is usually aimed at assessing perceptions, views, concerns, benefits,
expectations, etc. as influencing factors for social acceptance. The next table lists
some of the main dimensions examined in these studies.
Table 11. Dimensions investigated in stakeholder acceptance studies
Dimension

Studies

Awareness, familiarity, understanding

(HTAP, 1998; Ricci et al., 2007; Schmoyer, Truett, &
Cooper, 2006)

Perceived barriers, constraints, key
problems

(Melendez, 2006; R. Raven et al., 2009; Ricci et al., 2007)

Drivers, factors to promote success

(Melendez, 2006; Raven et al., 2009; Ren et al., 2014;
Ricci et al., 2007)

Expectations, expected benefits

(Hoelzinger & Luedi-Geoffroy, 2013; Park, 2013; Ricci et
al., 2007; Whitehouse & Whitehouse, 2013)

Preferences

(Collantes, 2008; Ricci et al., 2007)

Challenges, future

(European Commision, 2013; Murray et al., 2008;
Seymour et al., 2008; Whitehouse & Whitehouse, 2013)

Perceived risks, weaknesses

(European Commision, 2013; Hoelzinger & LuediGeoffroy, 2013; Ricci et al., 2007)

Strengths

(Hoelzinger & Luedi-Geoffroy, 2013)

Opportunities

(Hoelzinger & Luedi-Geoffroy, 2013)

Communication and public
engagement

(Ricci et al., 2007)
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Experience

(Hoelzinger & Luedi-Geoffroy, 2013)

Supportive practices

(Galich & Marz, 2012)

5.1.Technologies under study
There are three main objects of study in the empirical literature on stakeholder acceptance of
hydrogen:
(i)

(ii)

(iii)

Hydrogen in the energy mix. Some studies assess the preferred role of hydrogen in
the energy mix or the role of hydrogen technologies in a sustainable energy
system.
FCH applications. The majority of studies examine acceptance of FCH applications
such as hydrogen vehicles, small-scale domestic applications, as well as
distribution and infrastructure issues. These studies are sometimes linked to
specific demonstration projects.
Hydrogen programs. For instance, the study from the Hydrogen Technical Advisory
Panel (HTAP, 1998) assessed familiarity with DoE hydrogen program in order to
evaluate the program and identify issues. In 2002, the study from Breakthrough
Technologies Institute (Frederick, 2002) aimed mainly at identifying appropriate
target audiences for hydrogen/fuel cells education program and determining the
focus of future DOE hydrogen program. In Europe, the consultation by the EC tried
to assess the continuity of the FCH-JU and the impact assessment of different
policy options to implement the future research program on FCH (European
Commision, 2013).
Table 12. Hydrogen technologies object of study in stakeholder acceptance studies
Type of object

Examples of studies

Hydrogen economy (e.g. hydrogen in
the future fuel mix, hydrogen energy
transition)

(Collantes, 2008; European Commision, 2013; Galich &
Marz, 2012; McDowall & Eames, 2007; Murray et al., 2008;
Park, 2013; Ren et al., 2014; Ricci et al., 2007; R. L.
Schmoyer et al., 2006; Seymour et al., 2008; Trommsdorff,
2004; Velte et al., 2004)

Hydrogen vehicles, hydrogen in
transport (including infrastructures)

(Hart et al., 2009; Hoelzinger & Luedi-Geoffroy, 2013;
Lossen et al., 2003; Melendez & Milbrandt, 2006; Melendez,
2006; Raven et al., 2009; Whitehouse & Whitehouse, 2013)

Other applications (e.g. small-scale
domestic, hydrogen for build
environments, in the existing natural
gas grid)

(Hisschemöller & Bode, 2011)

Hydrogen programmes

(European Commision, 2013; Frederick, 2002; HTAP, 1998;
R. L. Schmoyer et al., 2006)
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5.2.Methodological approaches
The reviewed stakeholder studies use both qualitative and quantitative social research
methods. Examples of survey studies are Schmoyer et al. (2006), Lossen et al. (2003) or
Collantes (2008). Examples of studies using a qualitative approach (e.g. interviews) are Ricci et
al. (2007) or Trommsdorff (2004). Some studies combined both approaches; this is the case of
Bellaby et al (2016), HTAP (1998), Lossen et al. (2003), Melendez (2006) or Trommsdorff
(2004). Futures and planning techniques such as the Delphi method or SWOT analysis have
been also applied to reaching consensus among stakeholders (Ren et al., 2014; Trommsdorff,
2004; Velte et al., 2004). Other studies have implemented consultation and participatory
methods such as workshops (Murray et al., 2008), dialogue groups (Hisschemöller & Bode,
2011), round tables (Whitehouse & Whitehouse, 2013), stakeholder meetings (Melendez,
2006), participatory scenarios (McDowall & Eames, 2007); and a combination of them (Raven
et al., 2009).
Table 13. Research methods used in stakeholder acceptance studies
Method

Examples of studies

Questionnaire survey

HTAP, 1998
Breakthrough Technologies Institute, 2002
Lossen et al. 2003
Trommsdorff, 2004
Velte, 2004
Schmoyer, Truett & Cooper, 2006
Melendez, 2006
Collantes, 2008
European Commission, 2013
Ren et al, 2015

Interviews

Lossen et al. 2003
Trommsdorff, 2004
Ricci, Bellaby & Flynn, 2007
Hart et al., 2009
Park, 2013
Hoelzinger & Luedi-Geoffroy, 2013
Whitehouse & Whitehouse, 2013

Participatory scenarios, workshops,
stakeholder meetings etc.

Melendez, 2006
McDowall & Eames, 2007
Murray et al., 2008
Hisschemöller & Bode, 2011
Whitehouse & Whitehouse, 2013
Raven et al., 2009

Other methods
Case study
Key Change and Actor Mapping (KCAM)

Galich & Marz, 2012
Seymour, Murray & Fernandes, 2008
Murray et al., 2008
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5.3.Population and samples
Stakeholders are mainly defined as those having a professional interest in hydrogen and fuel
cell technologies or experts. The following categories of stakeholders have been found in the
reviewed studies:
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Table 14. Samples used in stakeholder acceptance studies
Type of stakeholder

Example of studies

Research community

Scientists from university and
research centres.

HTAP, 1998
Melendez, 2006
Murray et al., 2008
Hart et al., 2009
Park, 2013
Whitehouse & Whitehouse,
2013
European Commision, 2013
Ren et al., 2015

Industry

As potential large users, fuel cells
developers, manufacturers, fuel
providers, etc.

HTAP, 1998
Lossen et al., 2003
Schmoyer, Truett & Cooper,
2006
Melendez & Milbrandt, 2006
Ricci, Bellaby & Flynn, 2007

Government

Local or national depending on
the specific versus general or
wide nature of the study.

Collantes, 2008
Murray et al., 2008
Raven et al., 2009
Hart et al., 2009
Park, 2013
Whitehouse& Whitehouse, 2013

NGOs

Civil society organisations

McDowall & Eames, 2007
Murray et al., 2008
Park, 2013
European Commission, 2013

Media

Raven et al., 2009

Educational
community

Truett, 2003

Interest groups

Whitehouse & Whitehouse,
2013

State or local stakeholders are included depending on the geographical area of the study. The
samples used vary from around 30 stakeholders for qualitative studies, to more than 400 when
surveys are used.
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5.4.Selection of studies on stakeholders’ views on FCH technologies
conducted internationally in the last five years
The following table lists the most relevant studies on stakeholder perceptions of hydrogen.
The main issues of each of them, such as data collection method, research question and
sample are synthesized.
Table 15. Studies on hydrogen stakeholder acceptance published in the last five years
Author

Ren

Hoelzinger &
Luedi-Geoffroy

Whitehouse &
Whitehouse

European
Commission,
FCH-JTI

Park

06/06/2016

Year

Country

Data collection

Research question or
focus

Sample

2015

China

Questionnaire to
80 experts

SWOT analysis to analyse
hydrogen economy in
China

Professors, PhD
students, government,
and engineers

2013

Aargau,
Bolzano,
region of
Cologne,
Hamburg,
and Oslo

185 face-to-face
interviews

To identify influencing
factors to the acceptance

Bus drivers, regional
project partners and
stakeholders, and CHIC
partners.

50 face-to-face
interviews and a
round table

Engagement with a
selection of individuals
identified as critics or
sceptics of hydrogen in
transport, in order to
understand what
systemic obstacles may
exist to progressing H2
powered transport, and
ways to overcome them.

Government, supragovernment agencies
such as the OECD, IEA
and EC, industry and
research organisations,
and a range of lobby
groups including
environmental
organisations

Impact assessment of
different policy options
to implement the future
research programme on
FCH

Citizens and
organizations
(companies, including
SMEs, research
organisations active in
research and
innovation on FCH
technologies)

2013

2013

2013

Germany

On-line
questionnaire

Europe

UK and
South Korea

Case studies
with
interviews

International comparison
of hydrogen niche
formation in the UK and
South Korea with special
regard to policy
development (In the
period between 2002 and
2005)
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Galich, A &
Marz, L.

Hisschemöllerm
M & Bode, R.

2012

2010

Germany

The
Netherlands

Case studies
with interviews,
direct
observations and
document
analyses.

Dialogue groups

To reveal the importance
of non-technical issues in
using hydrogen and fuel
cells technologies in a
more sustainable energy
and transport system. To
study how the
development of hydrogen
and fuel cell technologies
is culturally embedded.
Stakeholder dialogue
project on the possible
contribution of hydrogen
to the Dutch energy
transition, articulating
and exploring competing
perspectives, including
views that are in the
margin of the energy
policy subsystem.

N=30 experts

N=28 in three groups
of experts:
Hydrogen for
Transport, Hydrogen
for the Built
Environment, and
Hydrogen in the
existing natural gas
grid

Below we give fuller summaries of illustrative, previous work, so as to further contextualise the
present study.


Ren, Gao, Tan & Dong (2015).

The objective of this study was to carry out a SWOT analysis to identify the main strengthsweaknesses-opportunities-threats of hydrogen economy in China and also prioritize strategies
for promoting its development. SWOT analysis included five steps: questionnaire design and
survey, brainstorming, SWOT analysis and strategy recommendation. A total of 80 experts
were consulted including professors, PhD students, government representatives and
engineers.
In the SWOT analysis, twelve sub-factors, i.e. abundant resource reserves, great development
potential and benefits for environmental protection (belonging to ‘Strengths’); high cost, lack
of key technologies and incompletion of hydrogen infrastructure (belonging to ‘Weaknesses’);
government support, high social acceptability and deepened cooperation (belonging to
‘Opportunities’), deficiency of investment channels, competition with other renewable
resources and unconfirmed potential market (belonging to ‘Threats’), were identified to depict
the current status of hydrogen economy in China. Four types of strategies (SO strategies, WO
strategies, ST strategies and WT strategies) have been obtained, with SO strategies consisting
of developing large scale of coal-hydrogen technologies with carbon dioxide capture and
storage, popularizing fuel cell vehicles, and establishing hydrogen market and industry
standards, WO strategies comprising government subsidies and tax allowance, and foreign
capital importation, ST strategies including encouraging private participation of
industrialization and commercialization of hydrogen energy, and establishing hydrogen
development priority strategy in China, and WT strategies consisting of developing new and
sustainable hydrogen technologies, and perfecting hydrogen infrastructure. The authors argue
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that their method is a generic one that can also be used to study the hydrogen economy of
other regions.


Holzinger, N. & Luedi-Geoffroy, N. (2013). Influencing factors to the acceptance process of
FCH technologies in public transport. Deliverable 3.5. CHIC PROJECT report. Berlin, Spillet.

This study was aimed at studying the factors influencing acceptance of FCH buses in public
transport and hydrogen infrastructures by those involved or affected by the project activities
in the selected regions (Aargau, Bolzano, region of Cologne, Hamburg, and Oslo). A total of 185
semi-structured interviews were carried out with CHIC partners (project leaders, technology
suppliers, supporting organisations, etc.), regional project partners (research institutes,
consulting companies, etc.), and project environment (politics and administration, fire
workers, etc.).
Results showed that the attitude levels in the five regions under investigation were diverse and
reflected a broad range of individual perspectives, expectations and experiences. The
interview analysis indicated that project partners and stakeholders in the project evaluated
their project experiences and the technology performance relative to their prior expectations.


Whitehouse, S. & Whitehouse, N. (2013). Issues of concern to external stakeholders and
critics and pathways to their resolution. Deliverable 3.8. CHIC project report.

This study investigated critical and sceptical views of some influential stakeholders in key
decision-making roles and organizations related with FCH technologies. By means of fifty
interviews and a Round Table discussion, the authors aimed at understanding what systematic
obstacles may exist to progressing H2 powered transport, and the ways to overcome them.
There appeared to be very few strong opponents to a future H2 transport system; however
they found many sceptics of the performance and cost of such systems, and the advertised
time frames for introduction. The reasons given by those who did not see a future for H2 were
the high costs and the great technological challenges involved.
Results showed that H2 visibility remains low among some very important national and supranational bodies; there is a lack of depth and currency knowledge about the state of the
technology among some influential organizations; false expectations about future of H2 had
led to high levels of criticism. The authors pointed out some key messages for future work,
which included sustainability, business, policy, and communication aspects. Much work has to
be done in communicating with the European political sphere of the “here and now” of H2, the
sophisticated status of the technology, of its potential economic and social value and of the
intention of industry to produce it cleanly in the short to medium term.


European Commission (2013). Extension of the fuel cells & hydrogen joint technology
initiative (FCH-JTI) under horizon 2020. Results of the public consultation.

In this study, the aim of the FCH JU was to speed up the market introduction of the fuel cell
and hydrogen technologies in order to accelerate their potential as an instrument to achieve a
06/06/2016
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lower carbon energy system. Through an on-line questionnaire, participants from Member
States – citizens and organizations – were invited to express their views about the possible
extension of the FCH JTI under Horizon 2020. A total of 127 responses from individual citizens,
representatives of SME, research organizations, NGOs, business and the administration were
received.


Park (2013). Comparative study of the UK and South Korea from the innovation system
perspective

This study aimed to compare different patterns in hydrogen niche formation from 2002 to
2005. The dimensions studied are: the industrial environment in the field of H2; the
relationship between the public and private sectors in terms of R&D system; national
strategies of either leading or catching up; the nature and extent of government intervention.
The rationale is that the foregoing factors within the national system of innovation can
influence the niche formation of hydrogen. Among other aspects (policy development,
network development, characteristics of the hydrogen energy niche), the study focused on
relevant stakeholders visions and expectations. Two case studies were carried out with 35
interviews in two countries, together with a documentary analysis. Interviews included aspects
such as: information on the national innovation system, hydrogen policies, national energy
strategies, social factors.
The stakeholders were: government officials, policy researchers, scientific researchers,
industrialists, and non-government organization officials. The analysis aimed to compare the
cases of Korea and the UK.


Galich, A., & Marz, L. (2012). Alternative energy technologies as a cultural endeavor: a case
study of hydrogen and fuel cell development in Germany. Energy, Sustainability and
Society, 2, 2. doi:10.1186/2192-0567-2-2

This case study had two purposes – to reveal the importance of non-technical issued in using
hydrogen and fuel cell technologies in a more sustainable energy and transport system, and to
study how the development of fuel cell technologies is culturally embedded – focusing on
hydrogen and fuel cell development in Germany. The study was realized through 30 in-depth
interviews, direct observation and document analysis.


Hisschemöller, M., & Bode, R. (2011). Institutionalized knowledge conflict in assessing the
possible contributions of H2 to a sustainable energy system for the Netherlands.
International Journal of Hydrogen Energy, 36, 14–24. doi:10.1016/j.ijhydene.2010.09.024

This study uses stakeholder dialogue on the potential contribution of hydrogen to the Dutch
energy transition. Its aim is to articulate and explore different perspectives, including views
that are at the margin of the energy policy subsystem. Three dialogue groups were carried out
composed by 28 experts. The following topics were explored: hydrogen for transport,
hydrogen for the built environment and hydrogen in the existing natural gas grid. Each group
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identified barriers and opportunities for hydrogen energy system and assessed its pros and
cons compared to a non-hyrogen alternative.
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6. CONCLUSIONS
This report, based on a comprehensive review of previous research on public and stakeholder
attitudes and acceptance of FCH technologies, has examined:





The populations and stakeholder groups studied in the literature on social acceptance
of FCH technologies.
The socio-psychological dimensions studied (e.g. awareness, knowledge, familiarity,
global attitude, emotions, acceptance and support, willingness to pay, etc.).
The type of hydrogen and fuel cell applications under study, that is, the specific
technological objects studied (e.g. hydrogen vehicles, hydrogen infrastructures).
The methodological approaches implemented, that is, the social research methods and
data collection tools implemented in the reviewed studies.

The main role of this review has been to contribute to the design and interpretation of the
studies to be undertaken within HYACINTH project. We can derive the following conclusions
from the review:












The majority of studies have focused on specific countries or regions. Very few crosscountry studies systematically comparing public attitudes to FCH applications have
been found.
The majority of studies have focused on transport applications. Very few studies have
focused on the public or stakeholder reactions to FCH stationary residential
applications.
A significant part of the studies is based on survey research with users and members of
the general public. In order to minimize the likelihood of collecting pseudo-opinions,
some of the most recent studies based on online questionnaires have provided textual
information to participants. Some of the studies have also combined survey with
qualitative research.
In general, studies tend to show that low levels of knowledge of - and interest in hydrogen among the public nonetheless coexist with relatively high levels of
acceptance.
Although no systematic comparisons have been found regarding the acceptance of
specific applications, it is acknowledged that public attitudes towards FCH
technologies might vary depending on the type of application considered or even the
way hydrogen is produced.
Research has examined how different factors (from personal to contextual) influence
individuals’ attitudes and acceptance of hydrogen and fuel cell technologies. Most of
the reviewed studies have investigated, for instance, the role of personal and
psychological factors such as knowledge, environmental attitudes or previous beliefs in
attitude formation and acceptance in the context of transport applications.
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Stakeholders questioned to date have more nuanced and varied views of the future for
hydrogen and hydrogen technologies, given their greater knowledge of the challenges
faced. This research has been predominantly focused on experts groups.

A considerable degree of knowledge of hydrogen acceptance in Europe has been accumulated
over the last two decades and this deliverable brings together and categorises many of these,
explaining and illustrating their design and scope. The concept of social acceptance needs to
be cautiously applied to FCH technologies. Those technologies are in a very preliminary stage
of usage. Therefore, a study of social acceptance is only based on actual experience for a small
number of users. For the public in particular, to date, responses have usually been elicited with
imagery and text rather than on the basis of experience with hydrogen and the questions
relate to attitudinal aspects of the individual and the communities, to emotions and cognition
(understanding, awareness, knowledge, and experience), acceptance and willingness to use
(intentional aspects).
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hydrogen technologies
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Table 9. Countries in FCH technology research
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Annex 1: List of reviewed studies (studies on public acceptance)
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Reference

Project

Year

Heinz, B &
Erdmann, G

HyFLEET:CU
TE project

2008

Thesen, G &
Langhelle,
O.

HyNor: the
Hydrogen
road
between
Stavanger
and Olso.

2008

Objective

Geographical
area

Method

Instrument

Assessment the dynamics
of the public attitude
toward hydrogen
technologies

Eight cities in six
countries:
Amsterdam,
Barcelona,
Berlin,
Hamburg,
London,
Luxembourg,
Madrid and
Reykjavik.

Online
survey

No

Investigate the
determinants of
knowledge and
acceptability of hydrogen
vehicles and filling
stations.

In the Greater
Stavanger area
on the west
coast of Norway

Telephone
survey

No

Population

Sample

General
public

N=3352

General
Public

N=1000

Technology
Hydrogen
(hydrogen
busses)

Attitude

Hydrogen

Awareness (of hydrogen
vehicles and filling stations)

( N Back Yard:
400

06/06/2016

2009

Evaluate the reactions of
participants to driving
and riding in a passenger
FCV, as well as witnessing
a vehicle-refuelling event.

Acceptance

Acceptability (of hydrogen
vehicles and filling stations)

N Greater
Stavanger: 600)

Environmental knowledge

Compares the results
with the findings from
London case study
(O’Garra,2005)
Martin, E et
al.

Analytical dimension

Attitude and behaviour

West
Sacramento or
Richmond,
California

Pre-and
postclinic
surveys

Not previous
information.
Survey
after/before
to driving in
an FCV
(hydrogen
fuel cell
vehicles)

General
public
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Perceptions of safety
Opinion
Willingness-to-pay
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Reference
O’Garra, T;
Mourato, S
& Pearson,
P.

Project
Hy-Ways.

Year
2009

Objective
Investigate local attitudes
towards the proposed
installation of H2 storage
facilities at existing
refuelling stations
throughout London.

Geographical
area
Households
near existing
commercial
refuel- ling
stations in
London

Method
Postal
survey

Instrument
No
Before

Population
General
public

Sample
N=346

Technology
Hydrogen

Analytical dimension
Knowledge about and
attitudes towards hydrogen.
Attitudes to local H2 storage
Valuing social cost of local H2
storage to local residents
Willingness to spend/to pay

Achterberg,
P
& et al.

Public
Evaluation
of
Hydrogen;
TheRole of
Worldviews
and
Adequate
Information

2010

Study whether the
relationship between
support for hydrogen
technology and
knowledge about it is not
equally strong for every
social category in Dutch
society.

The Netherlands

Online
survey

No.

General
public

N=2121

Hydrogen

Hydrogen support
Hydrogen knowledge
Predispositions

Explore how people in
the Dutch society at large
perceive advantages and
risks attached to the
introduction of hydrogen
systems, and compare
the perceptions to those
of other technologies.
Achterberg,
P

06/06/2016

2012

Study how the public
translates information
about hydrogen
technology into
evaluations of the latter

The Netherlands

Online
survey

Yes. Feedback
on their
answers.

General
public

N=1021

Hydrogen

Knowledge about hydrogen
technology
Type of provided information
Trust in technology
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Reference
Tarigan, Ari
K M et al.

Project
HyNor

Year
2012

Objective

Geographical
area

Provide a better research
method for explaining un
observable factors
particularly knowledge
and attitude likely to
relate to the public’s
acceptance of hydrogen
energy’s implementation
in the road transport
sector.

Greater
Stavanger,
Norway

Method
Telepho
ne
survey

Instrument
No

Population
General
public

Sample
N=1000 (N Back
Yard: 400

Technology
Hydrogen

Analytical dimension
Acceptance
Attitude

N Greater
Stavanger: 600)

Knowledge

Tarigan, Ari
K M et al.

HyNor

2012

This study examines the
trends of public opinions
concerning the
introduction of hydrogen
vehicles in Greater
Stavanger as well as
public attitudes towards
the natural environment
over the course of the
three-year period.

Back Yard and
Greater
Stavanger, west
coast of Norway

Two
telephone
surveys
(20062009)

¿?

General
public

N=2000

Hydrogen

Acceptance Awareness

Zimmer, R &
Welke, J.

HyTrust

2012

Analyses the current state
of public acceptance in
hydrogen technology in
the mobility sector.

Interviews and
focus groups:
Berlin and
Hamburg

Interviews
and
focus
groups

No

General
public

N Interviews:
30

Hydrogen

Attitudes

Survey:
residents of the
Federal Republic
of Germany

06/06/2016

Telephone
Survey
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N Focus groups:
3 focus of 12
participants
N survey: 1011

Conscience
Knowledge of and experience
with hydrogen-powered cars
Perceptions
Preferences and Support
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Reference
Huijts, N. M
a et al.

Huijts, N. M
a et al.

Project

Year
2013

2014

Objective

Geographical
area

Proposes a technology
acceptance framework to
understand citizen and
consumer acceptance of
new energy technologies,
based on psychological
theories and findings
from technology
acceptance studies

The Netherlands

Examines psychological
determinants of public
support or public
opposition to
implementation of
hydrogen fuel station.

The Netherlands

Method

Instrument

Online
question
naires.

Yes.
Information
about
hydrogen as a
fuel,
hydrogen
technology,
and the
opinion of
stakeholders.

General
public

Yes.

General
public

Online
question
naires

N=800 of the
participants
received
information
prior to the
questions

Population

Sample
N=800

Technology
Hydrogen

Analytical dimension
Efficacy
Awareness
Attitudes
Perceived behavioural
Opinion

N = 414 did
not.

N=1214

Infrastructures

Intention to act
Attitude towards acting
Perceived costs, risks and
benefits (perceived effects)
Perceived behavioural
control
Opinion
Efficacy
Trust
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