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ABSTRACT 
The feasibility of the global energy transition may 

rest on the ability of nations to harness hydrogen’s 
potential for cross-sectoral decarbonization. At the 
national level, hydrogen can help mitigate the carbon 
footprint of the residential sector, especially in countries 
historically reliant on natural gas for heating and cooking. 
Despite cause for optimism, the domestic hydrogen 
transition faces multiple barriers, which reflect the 
broader challenges of deploying hydrogen technologies 
at scale across the industrial, commercial, and residential 
sectors. However, to date, scholars have scarcely 
examined how barriers such as safety, costs, and 
regulation may converge and interact. This deficit is 
especially pronounced in the case of Hydrogen Homes 
(HHs), which has a brief research history limited mostly 
to the UK context. Adopting a sociotechnical transition 
approach grounded in multi-level thinking, this paper 
proposes a theoretical framework for addressing the 
multi-dimensional challenges of the domestic hydrogen 
transition. Applying this framework to the UK context, 
this paper highlights distinct interrelationships that cut 
across sociotechnical dimensions, which will need to be 
confronted if ‘hydrogen hopes’ are to be realized.  
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appliances, Multi-Level Perspective, sociotechnical 
systems, sociotechnical barriers, hydrogen transition 

NOMENCLATURE 
 

Abbreviations  

CCS Carbon Capture and Storage 

CCUS 
Carbon Capture, Utilization and 
Storage 

CH4 Methane 

CO2 Carbon dioxide 

EU European Union 

GAD/GAR 
Gas Appliances Directive/Gas 
Appliances Regulation 

GHG Greenhouse gas 

GS(M)R 
Gas Safety (Management) 
Regulations 

GW Gigawatt 

IEA International Energy Agency 

IED Industrial Emissions Directive 

IRENA 
International Renewable Energy 
Agency 

HESs Hydrogen Energy Systems 

HHs Hydrogen Homes 

HyLAW 
 
 

Hydrogen Law and removal of legal 
barriers to the deployment of fuel 
cells and hydrogen applications. 

LTS Local Transmission System  

MLP Multi-Level Perspective 

MtCO2 Metric tons of carbon dioxide 

NTS National Transmission System 

RETs Renewable energy technologies  

R&D Research and Development 

SMR Steam Methane Reformation 

TWh Terawatt hour 

UKCS UK Continental Shelf 

1. INTRODUCTION 
Despite multiple driving forces aligned to climate 

mitigation and energy security [1,2], the hydrogen 
revolution has lagged for decades [3]. Hydrogen’s 
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shortcomings as a commercial energy carrier [4,5] are 
partly explained by high infrastructure costs for 
production, storage, and distribution; owing to its low 
energy density per volume, explosive characteristics, and 
ability to cause embrittlement in metals such as steel [6]. 
However, as discussed here, there are multiple barriers 
to the realization of a full-scale hydrogen economy. 
Although setbacks and barriers to commercialization 
persist [7], hydrogen has been increasingly recognized as 
a key pillar of the energy transition [8], leading to a wave 
of recent investments and a pipeline of global projects 
[9,10]. Specifically, the use of hydrogen-fueled 
appliances for domestic space heating, hot water, and 
cooking [11] is regarded as critical to achieving ‘deep’ 
decarbonization in countries with extensive natural gas 
infrastructure and consumption such as the UK [6,12]. 
 Despite the imperative to decarbonize, potential 
barriers to the domestic transition remain poorly 
examined with research efforts largely constrained to 
the UK context [11,13–17]. Foremost, there remains an 
underlying knowledge gap regarding the interactions 
between respective sociotechnical barriers and their 
contribution to facilitating the deployment of HHs.  

Against this backdrop, this study develops a 
theoretical framework for addressing the multi-level and 
multi-scalar challenges of the domestic hydrogen 
transition. To the authors’ knowledge, this marks the first 
attempt to conceptualize the domestic hydrogen 
transition as a multi-level phenomenon; characterized by 
complex interactions between multiple sociotechnical 
barriers which operate across the macro-, meso-, and 
micro-scales, reflected by impacts at the international, 
national, regional, and local levels. In doing so, this 
analysis advances both the theoretical and practical 
understanding of prospective ‘hydrogen futures’ [18]; 
enriching scholarly and policy discussions around HHs as 
part of the wider energy transitions discourse [19,20]. 

2. MATERIAL AND METHODS 
 This paper draws on evidence from a range of 
sources including academic papers, technical reports, 
government documents, and survey studies in the grey 
literature to establish a theoretical framework (see Fig. 

1.). Firstly, sociotechnical barriers to the hydrogen 
economy are identified through an in-depth literature 
review of academic studies spanning more than a decade 
[1,6,18,21–25]. The early work of McDowall and Eames 
including their seminal piece [18] provides a starting 
point for engaging with the topic; supported by several 
follow-up studies from the same authors and other 
pioneers of hydrogen research [26]. Through this 

snowballing approach, a critical review and synthesis of 
barriers to the wider hydrogen economy paves the way 
for understanding the case of HHs. These findings 
provide the theoretical lens for systematically examining 
the challenges of deploying HHs at scale according to the 
interactions between five distinct barrier types: 
technoeconomic, technical, political, market, and social 
barriers.  
 Technoeconomic barriers involve ‘energy flows’ 
related to developments around resources and 
infrastructure [27], which following Crisan and Kuhn [28] 
represent the “hardware” of the hydrogen transition. 
Addressing this dimension, this article draws on several 
studies in the International Journal of Hydrogen Energy 
which have analyzed data on alternative hydrogen 
production pathways [1,29–33]. Alongside other findings 
from the academic literature [34–36], evidence is 
reviewed from the International Renewable Energy 
Agency (IRENA) [37–39] and International Energy Agency 
(IEA) [40,41], together with analysis conducted by 
governmental agencies [12,16,42–44], the gas industry 
[15,53], and other key stakeholder groups [46–48].  
 Technical barriers primarily concern safety 
issues; investigated according to scientific findings on the 
impacts of injecting hydrogen into existing gas pipelines 
[49–52], and the results of experimental tests on 
representative natural gas cooktop burners running on 
hydrogen blends [53–55]. Additional technical barriers 
are reviewed based on international evidence 
[34,50,56,57] and UK studies [16,58].  
 The literature on ‘sociotechnical futures’ [59,60] 
recognizes the governance of sociotechnical systems as 
inherently political [27,60], with ‘energy futures’ 
examined through a multi-level governance perspective 
[61,62]. To unpack political barriers, the paper reviews 
the HyLAW project [63] which aims to reduce regulatory, 
legal, and administrative barriers to the development of 
a European hydrogen economy. Specifically, the HyLAW 
UK National Policy Paper [64] contextualizes the 
challenges associated with the current regulatory 
framework, or lack thereof, for hydrogen gas.  
 A wide range of barriers impact the ‘technology 
readiness’, ‘market penetration’ and ‘market growth’ of 
domestic hydrogen [39], which can also be viewed 
through the lens of barriers to market entry, 
development, and support [16]. Extensive analysis of 
both political and market barriers has been undertaken 
by gauging the perspective of UK manufacturers and 
trade bodies [16], in addition to work carried out by 
Policy Exchange, the UK’s leading think tank [47].  
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 Finally, accounting for social barriers reflects a 
growing consensus that social acceptance is a 
precondition for the successful deployment of low-
carbon energy technologies [19,65–68]. Social barriers 
are reviewed based on surveys and interviews, which 
have examined the public’s knowledge, awareness, and 
perceptions of hydrogen, and resultant attitudes 
towards the advent of HHs in the UK [11,13–15,69,70] 
and Australia [71,72]. Given that research on domestic 
hydrogen acceptance has a brief history, insights are also 
gauged from the wider literature on Hydrogen Energy 
Systems (HESs) [73], principally on public attitudes 
towards hydrogen transportation [74–76]. 
 

 
 

Fig. 1. Research Procedure and methodology 

3. CALCULATION 
Sociotechnical systems develop through multi-

decadal processes [77,78] taking shape through the 
coevolution of a mix of interdependent technologies, 
infrastructures, institutions, policies, markets, supply 
chains, user practices, and cultural meanings [79–81]. 
Grounded in sociotechnical systems thinking [82,83], 
Geels [82] advocated for a ‘Multi-Level Perspective’ 
(MLP) to examine the emergence of such systems, 
drawing on insights from divergent fields such as 
sociology, institutional theory, and innovation studies. 
The MLP characterizes sustainability transitions are ‘non-
linear’ and ‘complex’ events; shaped by interactions 
between technological, political, institutional, economic, 

and sociocultural dimensions, and through 
interrelationships between multiple actors [84].  

Reviewing the state of the ‘hydrogen futures’ 
literature in the early 2000s, McDowall and Eames [18] 
highlighted a research gap regarding the sociotechnical 
dynamics of the hydrogen transition, owing to an 
underlying deficit in existing theoretical approaches. 
While some studies have discussed the challenges 
associated with developing a global or national hydrogen 
economy [21–23,39,85], there remain inconsistencies or 
even explicit absence regarding the breakdown of 
sociotechnical barriers [18]. Dissecting sociotechnical 
barriers is essential for supporting the diffusion of 
renewable energy technologies (RETs) through effective 
policymaking [86,87]. 

A handful of studies have partly addressed this 
theoretical gap in the context of hydrogen technologies 
[2,24,25,88,89], however, most of the focus has centered 
on transport and infrastructure [11,71]. Consequently, 
exploration of sociotechnical barriers to the deployment 
of HHs [15,71] remains significantly underrepresented in 
the energy transitions literature. In response, this study 
theorizes that hydrogen futures should be examined 
through a sociotechnical transition framework [27,86,90] 
grounded in a multi-level approach [84].  

Following the method outlined in Section 2, a 
sociotechnical transition framework is proposed (see Fig. 
2.) to capture the complexity and multi-dimensionality of 
the hydrogen transition; derived according to identified 
technoeconomic [1,5,6,18,22,33,91–93], technical 
[1,7,18,21,39], political [1,18,23,38,39], market 
[5,18,21,23,39], and social [18,21,23] barriers to 
developing hydrogen technologies. 
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Fig. 2. The five pillars of the sociotechnical transition 
framework for Hydrogen Homes  

4. RESULTS 
4.1   Sociotechnical barriers to Hydrogen Homes 
 Realizing a national energy transition to HHs will 
require the breakdown and alignment of sociotechnical 
factors in support of domestic hydrogen acceptance. 
Based on a case study of HHs in the UK, the following 
definitions have been formulated to represent the 
proposed framework:  
(1) Technoeconomic barriers concerning the 

development of hydrogen infrastructures and 
domestic hydrogen appliances, resource availability, 
investment and cost factors.  

(2) Technical barriers defined by the safety, efficiency, 
reliability, and overall performance of hydrogen fuel 
and domestic hydrogen appliances. 

(3) Political barriers associated with policy measures, 
regulatory frameworks, legislation, administrative 
procedures, stakeholder engagement, and 
informational flows regarding the domestic 
hydrogen transition.  

(4) Market barriers focused on the implications of 
supply and demand dynamics, availability of skilled 
labor, market competition, brand loyalty, technology 
innovation, hydrogen trials and demonstrations, and 
project management. 

(5) Social barriers determined by how public awareness 
and knowledge of hydrogen may influence 
perceptions and attitudes towards the transition in 
relation to safety, the environment, costs, social 
fairness, and behavioral impacts. 

4.2   Hydrogen hopes for UK homes 

4.2.1   Technoeconomic barriers  
 The technoeconomic feasibility of constructing 
hydrogen pipelines is inferior to conventional gas 
pipelines since the former span about 5,000 km globally 
compared to 3,000,000 for the latter [39]. Beyond this 
clear limitation, evidence suggest that the capital, 
material, and labor costs of hydrogen pipelines will 
exceed that of methane (CH4) and carbon dioxide (CO2) 
[31,52,94,95]. Although estimates remain tentative [34], 
the UK government forecasts that the costs of producing 
and storing large-scale hydrogen are likely to be very 
substantial, with hydrogen production potentially 
increasing the annual costs of heating by around £4 
billion [12].   
 The feasibility of building a national hydrogen 
economy based on Steam Methane Reformation (SMR) 

combined with Carbon Capture and Storage (CCS) [44,96] 
is constrained by the progressive depletion of domestic 
gas reserves in the UK Continental Shelf (UKCS) [97], as 
reflected by the country’s status as a net importer of 
energy since 2004 [98]. The supply-side demands for 
developing the country’s hydrogen economy could prove 
especially difficult to surmount if an estimated 100–150 
GW of gas reforming capacity with 175 MtCO2 per year – 
equivalent to 300 GW of offshore wind power dedicated 
to electrolysis – is needed to meet 800 TWh of demand 
across multiple applications [99]. 
 Given the UK’s comparatively low potential for 
developing solar power [100], overreliance on offshore 
wind power may jeopardize the potential for scaling up a 
green hydrogen production base in proximity to coastal, 
industrial clusters [101,102]. While more attractive from 
an environmental perspective, there are also multiple 
barriers to scaling up electrolytic hydrogen due to high 
production costs, lack of value recognition, energy 
losses, and challenges to ensuring sustainability [37]. 
 
4.2.2   Technical barriers  
 A basic tenet of the transition is that 100% 
conversion to hydrogen networks should ensure at least 
the same safety levels as natural gas use, however, 
scientific knowledge on the risks of domestic hydrogen 
remains low in comparison to natural gas [26]. At 
present, there is still uncertainty over whether the UK’s 
National Transmission System (NTS) and Local 
Transmission System (LTS) will be compatible for 
transporting and distributing 100% hydrogen [17,58]. 
Furthermore, blending hydrogen into existing pipelines 
leads to a lower mass flow rate, resulting in less 
transmitted energy [50]. Additional technical barriers 
include the need to change measuring instruments, 
control stations, and compressors [57]. For example, 
smaller gas meters are required to accommodate 
hydrogen’s volumetric flow rate, while different valves 
are needed to prevent excess hydrogen flow [16]. 
 Safety measures will be significantly harder to 
secure for domestic hydrogen appliances compared to 
industrial applications [56,103]. Hazards and risks are a 
product of hydrogen’s unique physical and chemical 
characteristics, which engender distinct threats to public 
safety [11]. At present, explosive risks [104] remain 
inadequately addressed [11] regarding hydrogen’s near-
invisible flame [51], and higher flame speed [105] and 
adiabatic flame temperature than natural gas [106,107]. 
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4.2.3   Political barriers  
The flagship HyLAW project identified multiple 

regulatory, legal, and administrative barriers 
constraining the development of a hydrogen economy 
[64]. The UK regulatory framework for the gas industry 
rests on key legislation passed in 1996, which limits the 
threshold of hydrogen gas in pipelines to 0.1%vol [64], 
compared to 6% in France and 1–5% in some other 
European countries [108,109]. The study also highlighted 
the case of Scotland as a “regulatory anomaly” since 
hydrogen production at any scale is categorized as an 
‘Industrial Activity’, adhering to the requirements of the 
EU Industrial Emissions Directive (IED) [64]. Since 
National land use planning is uniform for hydrogen 
production, local producers in Scotland may face 
unacceptable planning and consent risks, which could 
prohibit the deployment of small-scale generation sites 
for electrolysis [64].  

The lack of a harmonized policy and regulatory 
framework between the UK and European Union (EU) 
[64] may hinder efforts to position Europe at the center 
of the global hydrogen economy [110,111], while 
hampering the UK’s quest to reap economic benefits as 
a first mover [112]. 

  

4.2.4   Market barriers 
 It is anticipated that the costs of research and 
development (R&D), product design, and initial 
manufacturing for hydrogen appliances will exceed the 
costs of natural gas appliances [16], creating significant 
barriers to market entry. Furthermore, there is an 
information gap concerning the market demands (e.g. 
gas quality, appliance outputs, thermal efficiency and 
NOx requirements) for hydrogen appliances [16], which 
is compounded by the need to adjust manufacturing 
warranties [47]. Additional market barriers to the 
deployment of HHs in the UK include deficits across the 
following areas: financing mechanisms to incentive 
investment; R&D capacity; supply of skilled labor; 
appliance manufacturers or business models to support 
bulk sales; sales and distribution channels; demand for 
hydrogen appliances; codes and standards for hydrogen 
boilers; and demonstration projects [16].  
 Prospects for market growth will remain bleak 
until a market pull is established to create supply chains 
and prevent bottlenecks; together with transparent 
training mechanisms to build a skilled workforce for 
installing and maintaining hydrogen appliances [16]. By 
the same token, leading boiler manufacturers will need 
to align their goals [113] to promote brand loyalty and 

customer buy-in for hydrogen appliances, as opposed to 
low-carbon alternatives such as heat pumps. 
 

4.2.5   Social barriers 
Mixed methods studies on public perceptions of 

domestic hydrogen [11,13–15,69–72] indicate that social 
acceptance may rest on consumer attitudes towards 
safety, the environment, costs, social fairness, and 
behavioral impacts. However, perceptions may be based 
largely on misconceptions due to an underlying lack of 
knowledge and awareness regarding hydrogen 
technologies [75,114–118]. 
 Questioning the public about the impacts of 
hydrogen blending, Scott and Powells [14] found that 
69% of online survey respondents envisaged no 
significant impact on domestic safety, while 35% of 
paper survey respondents reported positive impacts. In 
some cases, consumers may have greater concerns 
about the safety of CCS than hydrogen [119,120].  
 Evidence suggests that renewable-based 
hydrogen generation is likely to secure stronger public 
support than fossil-fuel or nuclear based production 
methods [14,121]. It follows that non-renewable 
production pathways may pose a barrier to acceptance, 
particularly for citizens with strong environmental values 
[71,121].  
 Economic concerns include the purchase, 
running, and maintenance costs of hydrogen appliances 
[14,15,72], and potential impacts of the switchover on 
employment, income, property values and rents [15]. 
Affordability may present the greatest hurdle to social 
acceptance at the household level [11,14,69], while UK 
public appears to perceive the impact of domestic 
hydrogen on the economy to be either neutral or positive 
[14]. Consumers also recognize the importance of 
making provisions for vulnerable households [13], 
especially during the switchover period which could see 
households disconnected from the gas grid for several 
days [15,119]. The public is also concerned about the risk 
of low-income households becoming further 
disenfranchised if hydrogen adds to energy bills [69].  
 Finally, the behavioral impacts of hydrogen 
appliances may prove more pronounced for cooking, 
since the ‘socio-material nature’ of cooking practices is 
more ‘visible’ and ‘foregrounded’ compared to heating 
practices [11]. Overall, consumers are mostly concerned 
that hydrogen appliances will deliver the same heating 
and cooking experience as natural gas in terms of 
functionality, appearance, and maintenance 
requirements [15] without compromising safety [11,14]. 
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5. DISCUSSION  
 The proposed theoretical framework for 
examining barriers to the domestic hydrogen transition 
is based on the premise that sociotechnical systems 
entail coevolving dynamics between technology and 
society [82]; accounting for the critical role of end-users 
in shaping this coevolution [27,86,90,122–124]. Given 
this dynamism, there are multiple ways in which 
identified barriers may interact and evolve.  
 In respect to technoeconomic factors, the UK’s 
‘blue’ hydrogen pathway (via SMR+CCUS) faces a supply 
deficit which may need to be filled by increasing natural 
gas imports. If pursued as currently envisioned in the UK 
Hydrogen Strategy [42], this pathway could expose 
consumers to commodity price fluctuations and higher 
energy prices due to increased production costs. The UK 
already faces a growing fuel poverty crisis, which would 
be exacerbated if these costs fail to be minimized and 
socialized equitably. Doubling down on natural gas via 
investments in blue hydrogen infrastructure may also 
prove unpopular with the public on environmental 
grounds, especially if this route is misunderstood and 
rejected as a transitional pathway. At the same time, the 
safe capture and sequestration of carbon should also be 
proven to avoid the risk of public opposition and costly 
delays [13,119], highlighting the importance of “cross 
sector technology interactions” [125] and community 
acceptance. 
 The economics of hydrogen production are 
strongly linked to the costs of electricity and gas, and key 
technical parameters impacting these costs such as 
conversion efficiencies [40]. This interaction between 
“economic viability and technical effectiveness” [92] 
dictates the feasibility of diffusing HHs into the UK 
housing stock in a safe and cost-effective way, which can 
garner social acceptance at the national, community, and 
household level. However, one of the preconditions for 
establishing a functioning market for HHs lies with 
developing codes and standards to accommodate higher 
volumes of hydrogen in UK gas networks, in addition to 
standards for the design and development of hydrogen 
appliances. A national regulatory framework, as well as 
international agreement around codes and standards, is 
needed to support market development and best 
practices for hydrogen safety.  

Breaking down political barriers is further required to 
accelerate cost reductions for producers and consumers 
through learning-by-doing and a more liquid global 
market for hydrogen [39]. Demand for hydrogen 
appliances rests on both the safety and business case 

being made effectively, which is contingent on sustained 
investments in R&D to support a scaling up of 
demonstration projects, alongside information 
campaigns targeted at local officials, stakeholders, and 
consumers. Hydrogen acceptance also calls for the 
positive alignment of sociopolitical factors linked to 
energy justice. UK policymakers should ground their 
efforts in strengthening procedural and distributional 
justice throughout all stages of the transition to 
strengthen ‘hydrogen hopes’ for UK homes. 
 Ultimately, efforts to develop safe and efficient 
hydrogen production clusters and appliances for heating 
and cooking – yielding net economic, social, and 
environmental benefits – will be enhanced if 
government, industry, business, academia, and other key 
stakeholders can quickly coalesce around a shared set of 
aims and objectives to confront the sociotechnical 
barriers discussed here. 

6. CONCLUSIONS  
 This study marks the first explicit contribution to 
stimulating a much-needed discussion around the 
interaction of technoeconomic, technical, political, 
market, and social challenges to the deployment of HHs. 
By adopting a sociotechnical transition framework 
grounded in a multi-level approach, this paper has 
responded to the call for more multi-disciplinary 
research on hydrogen [100]. Drawing on the foundations 
of the MLP, the proposed theoretical framework reflects 
the need for multi-scalar, whole-systems thinking 
[135,136] to support robust policymaking for the 
domestic hydrogen transition.  
 This study has reinforced the need for more 
integrated research efforts [137] – mobilizing the power 
of multi-disciplinary insights [138] – to align the 
deployment of HHs with the pressing need for an 
accelerated [139] and ‘just’ energy transition [140]. 
Ultimately, to strengthen current industry and policy 
hopes for hydrogen in UK homes, researchers should 
engage with key barriers through the application of 
sociotechnical systems thinking. This approach should 
internalize the importance of social acceptance to the 
transition, as it has been shown that consumer attitudes 
towards safety, the environment, costs, social fairness, 
and behavioral impacts may underpin the feasibility of 
domestic hydrogen adoption. 

ACKNOWLEDGEMENT 
 This research was supported by the Engineering 
and Physical Sciences Research Council (EPSRC) Grant 
EP/T518104/1, and Cadent Gas Ltd. 

ISSN 2004-2965 Energy Proceedings, Vol. 18, 2021



 7 Copyright © 2021 ICAE 

REFERENCES 
 

[1] Maggio G, Nicita A, Squadrito G. How the hydrogen 

production from RES could change energy and fuel 

markets: A review of recent literature. International 

Journal of Hydrogen Energy 2019;44:11371–84. 

https://doi.org/10.1016/J.IJHYDENE.2019.03.121. 
[2] McDowall W. Technology roadmaps for transition 

management: The case of hydrogen energy. 

Technological Forecasting and Social Change 

2012;79:530–42. 

https://doi.org/10.1016/j.techfore.2011.10.002. 

[3] Lambert M. Hydrogen and decarbonisation of gas: false 

dawn or silver bullet? 2020. 

[4] Brandon NP, Kurban Z. Clean energy and the hydrogen 

economy. Philosophical Transactions of the Royal 

Society A: Mathematical, Physical and Engineering 

Sciences 2017;375. 

https://doi.org/10.1098/rsta.2016.0400. 

[5] Zoulias EI, Lymberopoulos N. Hydrogen-based 

autonomous power systems: Techno-economic 

analysis of the integration of hydrogen in autonomous 

power Systems. Springer; 2008. 

https://doi.org/10.1007/978-1-84800-247-0. 

[6] van de Graaf T, Overland I, Scholten D, Westphal K. 

The new oil? The geopolitics and international 

governance of hydrogen. Energy Research and Social 

Science 2020;70:101667. 

https://doi.org/10.1016/j.erss.2020.101667. 

[7] Mazloomi K, Gomes C. Hydrogen as an energy carrier: 

Prospects and challenges. Renewable and Sustainable 

Energy Reviews 2012;16:3024–33. 

https://doi.org/10.1016/J.RSER.2012.02.028. 

[8] Robles JO, Almaraz SDL, Azzaro-Pantel C. Hydrogen 

as a Pillar of the Energy Transition. Hydrogen Supply 

Chain: Design, Deployment and Operation, Academic 

Press; 2018, p. 3–35. https://doi.org/10.1016/B978-0-

12-811197-0.00001-4. 

[9] Smith Sarah. IRENA and Hydrogen Council 

collaborate on hydrogen scale-up | Energy Global. 

Energy Global 2021. 

https://www.energyglobal.com/other-

renewables/13092021/irena-and-hydrogen-council-

collaborate-on-hydrogen-scale-up/ (accessed 

September 13, 2021). 

[10] Mission Innovation. Clean Hydrogen Mission: 

Building a global clean hydrogen economy. 2021. 

[11] Scott M, Powells G. Sensing hydrogen transitions in 

homes through social practices: Cooking, heating, and 

the decomposition of demand. International Journal of 

Hydrogen Energy 2020;45:3870–82. 

https://doi.org/10.1016/j.ijhydene.2019.12.025. 

[12] The Committee on Climate Change. Hydrogen in a 

low-carbon economy. 2018. 

[13] Fylan F, Fletcher M, Christmas S. H21: Public 

perceptions of converting the gas network to hydrogen 

Social Sciences Study. 2020. 

[14] Scott M, Powells G. Towards a new social science 

research agenda for hydrogen transitions: Social 

practices, energy justice, and place attachment. Energy 

Research and Social Science 2020;61:101346. 

https://doi.org/10.1016/j.erss.2019.101346. 

[15] Gray D, Snodin H, Bullen A. Exploring the evidence on 

potential issues associated with trialling hydrogen 

heating in communities: A Literature Review and 

Focus Group Study. 2019. 

[16] Dorrington M, Lewitt M, Summerfield I, Robson P, 

Howe J. DECC Desk study on the development of a 

hydrogen-fired appliance supply chain. 2016. 

[17] Sadler, Cargill A, Crowther M, Rennie A, Watt J, 

Burton S, et al. Leeds City Gate H21. Leeds, UK: 2016. 

[18] McDowall W, Eames M. Forecasts, scenarios, visions, 

backcasts and roadmaps to the hydrogen economy: A 

review of the hydrogen futures literature. Energy Policy 

2006;34:1236–50. 

https://doi.org/10.1016/j.enpol.2005.12.006. 

[19] Grubler A. Energy transitions research: Insights and 

cautionary tales. Energy Policy 2012;50:8–16. 

https://doi.org/10.1016/j.enpol.2012.02.070. 

[20] Sovacool BK. How long will it take? Conceptualizing 

the temporal dynamics of energy transitions. Energy 

Research and Social Science 2016;13:202–15. 

https://doi.org/10.1016/j.erss.2015.12.020. 

[21] Saccani C, Pellegrini M, Guzzini A. Analysis of the 

existing barriers for the market development of power 

to hydrogen (P2H) in Italy. Energies 2020;13. 

https://doi.org/10.3390/en13184835. 

[22] Balat M, Kirtay E. Major technical barriers to a 

“hydrogen economy.” Energy Sources, Part A: 

Recovery, Utilization and Environmental Effects 

2010;32:863–76. 

https://doi.org/10.1080/15567030802606293. 

[23] Garcia DA. Analysis of non-economic barriers for the 

deployment of hydrogen technologies and 

infrastructures in European countries. International 

Journal of Hydrogen Energy 2017;42:6435–47. 

https://doi.org/10.1016/j.ijhydene.2017.01.201. 

[24] Eames M, McDowall W. Sustainability, foresight and 

contested futures: Exploring visions and pathways in 

the transition to a hydrogen economy. Technology 

Analysis and Strategic Management 2010;22:671–92. 

https://doi.org/10.1080/09537325.2010.497255. 

[25] van Bree B, Verbong GPJ, Kramer GJ. A multi-level 

perspective on the introduction of hydrogen and 

battery-electric vehicles. Technological Forecasting 

and Social Change 2010;77:529–40. 

https://doi.org/10.1016/j.techfore.2009.12.005. 

[26] Dodds PE, Staffell I, Hawkes AD, Li F, Grünewald P, 

McDowall W, et al. Hydrogen and fuel cell 

technologies for heating: A review. International 

Journal of Hydrogen Energy 2015;40:2065–83. 

https://doi.org/10.1016/j.ijhydene.2014.11.059. 

[27] Cherp A, Vinichenko V, Jewell J, Brutschin E, 

Sovacool B. Integrating techno-economic, socio-

technical and political perspectives on national energy 

transitions: A meta-theoretical framework. Energy 

Research and Social Science 2018;37:175–90. 

https://doi.org/10.1016/j.erss.2017.09.015. 

ISSN 2004-2965 Energy Proceedings, Vol. 18, 2021



 8 Copyright © 2021 ICAE 

[28] Crisan A, Kuhn M. The Energy Network: Infrastructure 

as the Hardware of the Energy Union. Energy Union 

2017:165–82. https://doi.org/10.1057/978-1-137-

59104-3_10. 

[29] Kovač A, Paranos M, Marciuš D. Hydrogen in energy 

transition: A review. International Journal of Hydrogen 

Energy 2021;46:10016–35. 

https://doi.org/10.1016/J.IJHYDENE.2020.11.256. 

[30] Boretti A. There are hydrogen production pathways 

with better than green hydrogen economic and 

environmental costs. International Journal of Hydrogen 

Energy 2021;46:23988–95. 

https://doi.org/10.1016/J.IJHYDENE.2021.04.182. 

[31] Schoots K, Rivera-Tinoco R, Verbong G, van der 

Zwaan B. Historical variation in the capital costs of 

natural gas, carbon dioxide and hydrogen pipelines and 

implications for future infrastructure. International 

Journal of Greenhouse Gas Control 2011;5:1614–23. 

https://doi.org/10.1016/J.IJGGC.2011.09.008. 

[32] Dodds PE, Demoullin S. Conversion of the UK gas 

system to transport hydrogen. International Journal of 

Hydrogen Energy 2013;38:7189–200. 

https://doi.org/10.1016/j.ijhydene.2013.03.070. 

[33] Mohseni S, Brent AC. Economic viability assessment 

of sustainable hydrogen production, storage, and 

utilisation technologies integrated into on- and off-grid 

micro-grids: A performance comparison of different 

meta-heuristics. International Journal of Hydrogen 

Energy 2020;45:34412–36. 

https://doi.org/10.1016/J.IJHYDENE.2019.11.079. 

[34] Newborough M, Cooley G. Developments in the global 

hydrogen market: The spectrum of hydrogen colours. 

Fuel Cells Bulletin 2020;2020:16–22. 

https://doi.org/10.1016/S1464-2859(20)30546-0. 

[35] Nikolaidis P, Poullikkas A. A comparative overview of 

hydrogen production processes. Renewable and 

Sustainable Energy Reviews 2017;67:597–611. 

https://doi.org/10.1016/J.RSER.2016.09.044. 

[36] Glenk G, Reichelstein S. Economics of converting 

renewable power to hydrogen. Nature Energy 2019 4:3 

2019;4:216–22. https://doi.org/10.1038/s41560-019-

0326-1. 

[37] International Renewable Energy Agency. Green 

Hydrogen Cost Reduction; Scaling up Electrolysers to 

meet the 1.5 C Climate Goal. 2020. 

[38] International Renewable Energy Agency. Green 

hydrogen: A guide to policy making. 2020. 

[39] International Renewable Energy Agency. Green 

hydrogen supply: A guide to policy making. 2021. 

[40] International Energy Agency. The Future of Hydrogen: 

Seizing today’s opportunities. 2019. 

[41] International Energy Agency. Global Hydrogen 

Review 2021. 2021. 

[42] HM Government. UK Hydrogen Strategy. 2021. 

[43] Scottish Government. Scottish Offshore Wind to Green 

Hydrogen Opportunity Assessment. 2020. 

[44] Elliott C, Fletcher N, Cook M, Ruggeri F, Carter C, 

Williams B, et al. Hydrogen Supply Programme-Novel 

Steam Methane / Gas Heated Reformer Phase 1 Final 

Study Report. 2020. 

[45] Cadent Gas. From Vision to Reality HyNet North West. 

2018. 

[46] Hydrogen Council. Path to hydrogen competitiveness 

A cost perspective. 2020. 

[47] Burke J, Rooney M. Fuelling the Future: Hydrogen’s 

role in supporting the low-carbon economy. London: 

2018. 

[48] Energy Transitions Commission. Making the Hydrogen 

Economy Possible: Accelerating Clean Hydrogen in an 

Electrified Economy. 2021. 

[49] Zachariah-Wolff JL, Hemmes K. Public Acceptance of 

Hydrogen in the Netherlands: Two Surveys That 

Demystify Public Views on a Hydrogen Economy. 

Bulletin of Science, Technology & Society 

2006;26:339–45. 

https://doi.org/10.1177/0270467606290308. 

[50] Kouchachvili L, Entchev E. Power to gas and H2/NG 

blend in SMART energy networks concept. Renewable 

Energy 2018;125:456–64. 

https://doi.org/10.1016/J.RENENE.2018.02.088. 

[51] Hodges JP, Geary W, Graham S, Hooker P, Goff DR. 

Injecting hydrogen into the gas network-a literature 

search. 2015. 

[52] Witkowski A, Rusin A, Majkut M, Stolecka K. 

Comprehensive analysis of hydrogen compression and 

pipeline transportation from thermodynamics and 

safety aspects. Energy 2017;141:2508–18. 

https://doi.org/10.1016/J.ENERGY.2017.05.141. 

[53] Kuczynski S, Łaciak M, Olijnyk A, Szurlej A, Włodek 

T. Thermodynamic and technical issues of hydrogen 

and methane-hydrogen mixtures pipeline transmission. 

Energies 2019;12. 

https://doi.org/10.3390/en12030569. 

[54] de Vries H, Mokhov A v., Levinsky HB. The impact of 

natural gas/hydrogen mixtures on the performance of 

end-use equipment: Interchangeability analysis for 

domestic appliances. Applied Energy 2017;208:1007–

19. https://doi.org/10.1016/j.apenergy.2017.09.049. 

[55] Zhao Y, McDonell V, Samuelsen S. Influence of 

hydrogen addition to pipeline natural gas on the 

combustion performance of a cooktop burner. 

International Journal of Hydrogen Energy 

2019;44:12239–53. 

https://doi.org/10.1016/j.ijhydene.2019.03.100. 

[56] National Research Council. The Hydrogen Economy. 

National Academies Press; 2004. 

https://doi.org/10.17226/10922. 

[57] Deymi-Dashtebayaz M, Ebrahimi-Moghadam A, 

Pishbin SI, Pourramezan M. Investigating the effect of 

hydrogen injection on natural gas thermo-physical 

properties with various compositions. Energy 

2019;167:235–45. 

https://doi.org/10.1016/J.ENERGY.2018.10.186. 

[58] RIIO-2 Challenge Group. RIIO-2 Challenge Group. 

RIIO-2 Challenge Group Independent Report for 

Ofgem on RIIO-2 Business Plans. 2020. 

ISSN 2004-2965 Energy Proceedings, Vol. 18, 2021



 9 Copyright © 2021 ICAE 

[59] Lösch A, Grunwald A, Meister M, Schulz-Schaeffer I. 

Introduction: Socio‐Technical Futures Shaping the 

Present, Springer VS, Wiesbaden; 2019, p. 1–14. 

https://doi.org/10.1007/978-3-658-27155-8_1. 

[60] Konrad K, Böhle K. Socio-technical futures and the 

governance of innovation processes—An introduction 

to the special issue. Futures 2019;109:101–7. 

https://doi.org/10.1016/j.futures.2019.03.003. 

[61] Levenda AM, Richter J, Miller T, Fisher E. Regional 

sociotechnical imaginaries and the governance of 

energy innovations. Futures 2019;109:181–91. 

https://doi.org/10.1016/j.futures.2018.03.001. 

[62] Karhunmaa K. Attaining carbon neutrality in Finnish 

parliamentary and city council debates. Futures 

2019;109:170–80. 

https://doi.org/10.1016/j.futures.2018.10.009. 

[63] HyLAW online database. 2018 n.d. 

https://www.hylaw.eu/ (accessed September 16, 2021). 

[64] Hayter D. HyLAW - Hydrogen Law and removal of 

legal barriers to the deployment of fuel cells and 

hydrogen applications. 2018. 

[65] Sauter R, Watson J. Strategies for the deployment of 

micro-generation: Implications for social acceptance. 

Energy Policy 2007;35:2770–9. 

https://doi.org/10.1016/j.enpol.2006.12.006. 

[66] Akizu O, Urkidi L, Bueno G, Lago R, Barcena I, 

Mantxo M, et al. Tracing the emerging energy 

transitions in the Global North and the Global South. 

International Journal of Hydrogen Energy 

2017;42:18045–63. 

https://doi.org/10.1016/j.ijhydene.2017.04.297. 

[67] Steg L, Perlaviciute G, van der Werff E. Understanding 

the human dimensions of a sustainable energy 

transition. Frontiers in Psychology 2015;6:805. 

https://doi.org/10.3389/fpsyg.2015.00805. 

[68] Upham P, Oltra C, Boso À. Towards a cross-

paradigmatic framework of the social acceptance of 

energy systems. Energy Research and Social Science 

2015;8:100–12. 

https://doi.org/10.1016/j.erss.2015.05.003. 

[69] Scott M, Powells G. Blended Hydrogen: The UK 

Public’s Perspective. Newcastle upon Tyne, UK: 2019. 

[70] Williams H, Lohmann T, Foster S, Morrell G. Public 

acceptability of the use of hydrogen for heating and 

cooking in the home Results from qualitative and 

quantitative research in UK. 2018. 

[71] Lambert V, Ashworth P. The Australian public’s 

perception of hydrogen for energy. 2018. 

[72] Sandri O, Holdsworth S, Hayes J, Willand N, Moore T. 

Hydrogen for all? Household energy vulnerability and 

the transition to hydrogen in Australia. Energy 

Research & Social Science 2021;79:102179. 

https://doi.org/10.1016/j.erss.2021.102179. 

[73] Martin A, Agnoletti MF, Brangier E. Users in the 

design of Hydrogen Energy Systems: A systematic 

review. International Journal of Hydrogen Energy 

2020;45:11889–900. 

https://doi.org/10.1016/j.ijhydene.2020.02.163. 

[74] Roche MY, Mourato S, Fischedick M, Pietzner K, 

Viebahn P. Public attitudes towards and demand for 

hydrogen and fuel cell vehicles: A review of the 

evidence and methodological implications. Energy 

Policy 2010;38:5301–10. 

https://doi.org/10.1016/j.enpol.2009.03.029. 

[75] Ricci M, Bellaby P, Flynn R. What do we know about 

public perceptions and acceptance of hydrogen? A 

critical review and new case study evidence. 

International Journal of Hydrogen Energy 

2008;33:5868–80. 

https://doi.org/10.1016/j.ijhydene.2008.07.106. 

[76] Iribarren D, Martín-Gamboa M, Manzano J, Dufour J. 

Assessing the social acceptance of hydrogen for 

transportation in Spain: An unintentional focus on 

target population for a potential hydrogen economy. 

International Journal of Hydrogen Energy 

2016;41:5203–8. 

https://doi.org/10.1016/j.ijhydene.2016.01.139. 

[77] Geels IFW. The dynamics of transitions in socio-

technical systems: A multi-level analysis of the 

transition pathway from horse-drawn carriages to 

automobiles (1860-1930). Technology Analysis and 

Strategic Management 2005;17:445–76. 

https://doi.org/10.1080/09537320500357319. 

[78] Geels FW. Disruption and low-carbon system 

transformation: Progress and new challenges in socio-

technical transitions research and the Multi-Level 

Perspective. Energy Research and Social Science 

2018;37:224–31. 

https://doi.org/10.1016/j.erss.2017.10.010. 

[79] Geels FW, Schot J. Typology of sociotechnical 

transition pathways. Research Policy 2007;36:399–

417. https://doi.org/10.1016/j.respol.2007.01.003. 

[80] Geels FW, Sovacool BK, Schwanen T, Sorrell S. The 

socio-technical dynamics of low-carbon transitions. 

Joule 2017:463–79. 

[81] Foxon TJ. A coevolutionary framework for analysing a 

transition to a sustainable low carbon economy. 

Ecological Economics 2011;70:2258–67. 

https://doi.org/10.1016/j.ecolecon.2011.07.014. 

[82] Geels FW. From sectoral systems of innovation to 

socio-technical systems: Insights about dynamics and 

change from sociology and institutional theory. 

Research Policy 2004;33:897–920. 

https://doi.org/10.1016/j.respol.2004.01.015. 

[83] Hofman PS, Elzen BE, Geels FW. Sociotechnical 

scenarios as a new policy tool to explore system 

innovations: Co-evolution of technology and society in 

the Netherland’s electricity domain. Innovation 

2004;6:344–60. 

https://doi.org/10.5172/impp.2004.6.2.344. 

[84] Geels FW. The multi-level perspective on sustainability 

transitions: Responses to seven criticisms. 

Environmental Innovation and Societal Transitions 

2011;1:24–40. 

https://doi.org/10.1016/j.eist.2011.02.002. 

[85] Office of Energy Efficiency & Renewable Energy. 

Hydrogen and Fuel Cell Technologies Office Multi-

ISSN 2004-2965 Energy Proceedings, Vol. 18, 2021



 10 Copyright © 2021 ICAE 

Year Research, Development, and Demonstration Plan. 

2014. 

[86] Bolton R, Foxon TJ. A socio-technical perspective on 

low carbon investment challenges - Insights for UK 

energy policy. Environmental Innovation and Societal 

Transitions 2015;14:165–81. 

https://doi.org/10.1016/j.eist.2014.07.005. 

[87] Zhao ZY, Chang RD, Chen YL. What hinder the further 

development of wind power in China?—A socio-

technical barrier study. Energy Policy 2016;88:465–76. 

https://doi.org/10.1016/J.ENPOL.2015.11.004. 

[88] McDowall W. Exploring possible transition pathways 

for hydrogen energy: A hybrid approach using socio-

technical scenarios and energy system modelling. 

Futures 2014;63:1–14. 

https://doi.org/10.1016/j.futures.2014.07.004. 

[89] Andreasen KP, Sovacool BK. Energy sustainability, 

stakeholder conflicts, and the future of hydrogen in 

Denmark. Renewable and Sustainable Energy Reviews 

2014;39:891–7. 

https://doi.org/10.1016/J.RSER.2014.07.158. 

[90] Eyre N, Darby SJ, Grünewald P, McKenna E, Ford R. 

Reaching a 1.5°C target: Socio-technical challenges for 

a rapid transition to low-carbon electricity systems. 

Philosophical Transactions of the Royal Society A: 

Mathematical, Physical and Engineering Sciences 

2018;376. https://doi.org/10.1098/rsta.2016.0462. 

[91] Yukesh Kannah R, Kavitha S, Preethi, Parthiba 

Karthikeyan O, Kumar G, Dai-Viet NV, et al. Techno-

economic assessment of various hydrogen production 

methods – A review. Bioresource Technology 

2021;319:124175. 

https://doi.org/10.1016/J.BIORTECH.2020.124175. 

[92] Abo-Elyousr FK, Guerrero JM, Ramadan HS. 

Prospective hydrogen-based microgrid systems for 

optimal leverage via metaheuristic approaches. Applied 

Energy 2021;300:117384. 

https://doi.org/10.1016/J.APENERGY.2021.117384. 

[93] Wang J, Wang H, Fan Y. Techno-Economic 

Challenges of Fuel Cell Commercialization. 

Engineering 2018;4:352–60. 

https://doi.org/10.1016/J.ENG.2018.05.007. 

[94] Yang C, Ogden J. Determining the lowest-cost 

hydrogen delivery mode. International Journal of 

Hydrogen Energy 2007;32:268–86. 

https://doi.org/10.1016/J.IJHYDENE.2006.05.009. 

[95] Edwards RL, Font-Palma C, Howe J. The status of 

hydrogen technologies in the UK: A multi-disciplinary 

review. Sustainable Energy Technologies and 

Assessments 2021;43:100901. 

https://doi.org/10.1016/j.seta.2020.100901. 

[96] UK Parliament Committee. Response to Environmental 

Audit Committee Technological Innovation and 

Climate Change: Hydrogen Call for Evidence. 2020. 

[97] Hall M. Gas production from the UK continental shelf. 

Oxford, United Kingdom: 2019. 

https://doi.org/10.26889/9781784671419. 

[98] Bolton P. Energy imports and exports - House of 

Commons Library. House of Commons Library: 2018. 

[99] The Committee on Climate Change. The Sixth Carbon 

Budget: Fuel supply. 2020. 

[100] Suri M, Betak J, Rosina K, Chrkavy D, Suriova N, 

Cebecauer T, et al. Global photovoltaic power potenital 

by country. 2020. 

[101] Quarton CJ, Samsatli S. Power-to-gas for injection into 

the gas grid: What can we learn from real-life projects, 

economic assessments and systems modelling? 

Renewable and Sustainable Energy Reviews 

2018;98:302–16. 

https://doi.org/10.1016/j.rser.2018.09.007. 

[102] Li F, Agnolucci P. The role of Hydrogen and Fuel Cells 

in Providing Affordable, Secure Low-carbon Heat: 

Chapter 4 - Heat markets. 2014. 

[103] labidine Messaoudani Z, Rigas F, Binti Hamid MD, 

Che Hassan CR. Hazards, safety and knowledge gaps 

on hydrogen transmission via natural gas grid: A 

critical review. International Journal of Hydrogen 

Energy 2016;41:17511–25. 

https://doi.org/10.1016/j.ijhydene.2016.07.171. 

[104] Najjar YSH. Hydrogen safety: The road toward green 

technology. International Journal of Hydrogen Energy 

2013;38:10716–28. 

https://doi.org/10.1016/j.ijhydene.2013.05.126. 

[105] Quarton CJ, Samsatli S. Should we inject hydrogen into 

gas grids? Practicalities and whole-system value chain 

optimisation. Applied Energy 2020;275:115172. 

https://doi.org/10.1016/j.apenergy.2020.115172. 

[106] Sun ZY. Sustainable Fuel Technologies Handbook. 

Elsevier; 2021. https://doi.org/10.1016/C2019-0-

01781-5. 

[107] Dennekamp M, Howarth S, Dick CAJ, Cherrie JW, 

Donaldson K, Seaton A. Ultrafine particles and 

nitrogen oxides generated by gas and electric cooking. 

Occupational and Environmental Medicine 

2001;58:511–6. https://doi.org/10.1136/oem.58.8.511. 

[108] Chatzimarkakis J, Levoyannis C, van Wijk A, Wouters 

F. Hydrogen Act: Towards the creation of the European 

hydrogen economy. 2021. 

[109] IEA. Current limits on hydrogen blending in natural gas 

networks and gas demand per capita in selected 

locations 2020. https://www.iea.org/data-and-

statistics/charts/current-limits-on-hydrogen-blending-

in-natural-gas-networks-and-gas-demand-per-capita-

in-selected-locations (accessed August 9, 2021). 

[110] Adler K. Europe emerges as leader in hydrogen 

economy | IHS Markit. IHS Markit 2020. 

https://ihsmarkit.com/research-analysis/europe-

emerges-as-leader-in-hydrogen-economy.html 

(accessed August 11, 2021). 

[111] van Renssen S. The hydrogen solution? Nature Climate 

Change 2020 10:9 2020;10:799–801. 

https://doi.org/10.1038/s41558-020-0891-0. 

[112] Ives E. Driving Change: How hydrogen can fuel a 

transport revolution. London: 2020. 

[113] The Engineer. Big Four make price promise on 

domestic hydrogen boilers 2021. 

https://www.theengineer.co.uk/big-four-make-price-

ISSN 2004-2965 Energy Proceedings, Vol. 18, 2021



 11 Copyright © 2021 ICAE 

promise-on-domestic-hydrogen-boilers/ (accessed 

September 29, 2021). 

[114] Achterberg P, Houtman D, van Bohemen S, Manevska 

K. Unknowing but supportive? Predispositions, 

knowledge, and support for hydrogen technology in the 

Netherlands. International Journal of Hydrogen Energy 

2010;35:6075–83. 

https://doi.org/10.1016/j.ijhydene.2010.03.091. 

[115] Ricci M, Bellaby P, Flynn R. Engaging the public on 

paths to sustainable energy: Who has to trust whom? 

Energy Policy 2010;38:2633–40. 

https://doi.org/10.1016/j.enpol.2009.05.038. 

[116] Whitmarsh L, Upham P, Poortinga W, Mclachlan C, 

Darnton A, Devine--Wright P, et al. Public Attitudes, 

Understanding, and Engagement in relation to Low--

Carbon Energy: A selective review of academic and 

non--academic literatures Report for RCUK Energy 

Programme. 2011. 

[117] Achterberg P. The changing face of public support for 

hydrogen technology explaining declining support 

among the Dutch (2008-2013). International Journal of 

Hydrogen Energy 2014;39:18711–7. 

https://doi.org/10.1016/j.ijhydene.2014.08.053. 

[118] Itaoka K, Saito A, Sasaki K. Public perception on 

hydrogen infrastructure in Japan: Influence of rollout of 

commercial fuel cell vehicles. International Journal of 

Hydrogen Energy 2017;42:7290–6. 

https://doi.org/10.1016/j.ijhydene.2016.10.123. 

[119] Decarbonised Gas Alliance. Getting net zero done: The 

crucial role of decarbonised gas and how to support it. 

2020. 

[120] Glanz S, Schönauer AL. Towards a low-carbon society 

via hydrogen and carbon capture and storage: Social 

acceptance from a stakeholder perspective. Journal of 

Sustainable Development of Energy, Water and 

Environment Systems 2021;9:1–18. 

https://doi.org/10.13044/j.sdewes.d8.0322. 

[121] Bellaby P, Upham P. Public Engagement with 

Hydrogen Infrastructures in Transport. University of 

Salford; 2008. 

[122] Ravena R, Schota J, Berkhoutb F. Space and scale in 

socio-Technical transitions. Environmental Innovation 

and Societal Transitions 2012;4:63–78. 

https://doi.org/10.1016/j.eist.2012.08.001. 

[123] Bolton R, Foxon TJ. Infrastructure transformation as a 

socio-technical process - Implications for the 

governance of energy distribution networks in the UK. 

Technological Forecasting and Social Change 

2015;90:538–50. 

https://doi.org/10.1016/j.techfore.2014.02.017. 

[124] Xu S. The paradox of the energy revolution in China: 

A socio-technical transition perspective. Renewable 

and Sustainable Energy Reviews 2021;137:110469. 

https://doi.org/10.1016/j.rser.2020.110469. 

[125] Andersen AD, Markard J. Multi-technology interaction 

in socio-technical transitions: How recent dynamics in 

HVDC technology can inform transition theories. 

Technological Forecasting and Social Change 

2020;151:119802. 

https://doi.org/10.1016/J.TECHFORE.2019.119802. 

  

ISSN 2004-2965 Energy Proceedings, Vol. 18, 2021


