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A B S T R A C T   

In an era characterised by political instability, economic uncertainty and mounting environmental pressures, 
hydrogen fuel is being positioned as a critical piece of the global energy security and clean energy agenda. The 
policy push is noteworthy in the United Kingdom, where the government is targeting industrial decarbonisation 
via hydrogen, while exploring a potential role for hydrogen-fuelled home appliances. Despite the imperative to 
secure social acceptance for accelerating the diffusion of low-carbon energy technologies, public perceptions of 
hydrogen homes remain largely underexplored by the researcher community. In response, this analysis draws on 
extensive focus group data to understand the multi-dimensional nature of social acceptance in the context of the 
domestic hydrogen transition. Through an integrated, mixed-methods multigroup analysis, the study demon
strates that socio-political and market acceptance are strongly interlinked, owing to a trust deficit in the gov
ernment and energy industry, coupled to underlying dissatisfaction with energy markets. At the community 
level, hydrogen homes are perceived as a potentially positive mechanism for industrial regeneration and local 
economic development. Households consider short-term disruptive impacts to be tolerable, provided temporary 
disconnection from the gas grid does not exceed three days. However, to strengthen social acceptance, clearer 
communication is needed regarding the spatial dynamics and equity implications of the transition. The analysis 
concludes that existing trust deficits will need to be overcome, which entails fulfilling not only a ‘price promise’ 
on the cost of hydrogen appliances, but also enacting a ‘price pledge’ on energy bills. These deliverables are 
fundamental to securing social acceptance for hydrogen homes.   

1. Introduction 

Hydrogen is increasingly considered as a potentially critical indus
trial feedstock and energy vector [1] for securing a decarbonised global 
energy future [2,3]. Within recent years, this growing recognition has 
translated into the launch of national hydrogen strategies [4,5] in over 
30 countries [6] spanning much of the globe [7].1 Additionally, regional 
hydrogen strategies and action plans have been formulated in countries 
such as Canada [8,9], Australia [10–12], and the UK [13–15], while 
roadmaps are also emerging across parts of Africa [16–18]. Considering 
that Japan was the first country to launch a national hydrogen strategy 
in December 2017 [19] while the United States formalised its strategy 
and roadmap in June 2023 [20], it is apparent that the long-held notion 

of a global ‘hydrogen economy’ [21–23] is gaining international 
traction. 

The advent of hydrogen economies could prove especially crucial to 
European countries with large-scale natural gas infrastructure [24], 
including Germany [25,26], the Netherlands [27,28], and UK [29,30]. 
Critically, such countries face the dual challenge of mitigating energy 
security pressures [31–33], while fulfilling climate change commitments 
[34,35]. The emerging policy push for a low-carbon hydrogen economy 
is noteworthy in the UK context [36] where the government is sup
porting a cross-cutting strategy through its ‘twin-track’ approach, 
envisioning pathways for both ‘blue’ and ‘green’ hydrogen production 
[29].2 Despite uncertainties over the feasibility of hydrogen production 
pathways [37,38], end-use applications [39], and climate 
change-related impacts [1,40,41], there is a consensus that clean 

* Corresponding author. 
E-mail address: n.ozkan@cranfield.ac.uk (N. Balta-Ozkan).   

1 Including North America [20,366], Oceania [367,368], much of Europe [25,27,29,369–371], and parts of the Middle East [372,373], Asia [19,374,375] and 
South America [376,377].  

2 Blue hydrogen relies on steam methane reformation (SMR) with carbon capture and storage (CCS) [378–380], while green hydrogen is produced using water 
electrolysis sourced from renewable energy sources [381–383]. 
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hydrogen technologies can accelerate decarbonisation across ‘hard-
to-abate’ sectors, such as heavy industry [42,43] and heavy-duty 
transport [44,45]. 

At present, UK policy makers envision a national hydrogen economy 
established through synergies between industrial, power, transport, and 
residential applications [29,39]. This vision [14,29] rests on leveraging 
the country’s natural gas reserves [46,47] and related infrastructure 
[30,48,49], industrial base [50,51], technological innovation capabil
ities [52,53], and offshore wind potential [36,53,54] to enable a rapid 
scaling up of hydrogen energy systems. Although industrial decarbon
isation remains the immediate priority [29,39], the UK government is 
also deliberating the potential role of hydrogen-fuelled appliances for 
domestic space heating, hot water, and cooking [55], as part of a hybrid 
decarbonisation strategy [56,57]. 

While the government is set to take a strategic decision on the role of 
domestic hydrogen in 2026 [29], the current outlook is somewhat 
pessimistic following recent local opposition to hydrogen village trials in 
the North of England [58–61]. In July 2023, consumer resistance 
culminated in the cancellation of a planned hydrogen trial for Whitby 
village in Ellesmere Port (Cheshire) [62],3 which may have been 
pre-empted by a more comprehensive understanding of social accep
tance dynamics. However, due to the nascency of hydrogen home ap
pliances [63,64], the social science research agenda on domestic 
hydrogen acceptance [65] remains embryonic [66]. Emphatically, Pal
omo-Vélez et al. [67] underline how a deficit in “public support can 
grind energy projects to a halt,” while impeding the implementation of 
associated energy policies [67]. Foremost, events in Whitby provide a 
cautionary tale of what may unfold when social acceptance is insuffi
ciently understood and accounted for. Foreseeably, the cancellation of 
the Whitby trial has hindered prospects to deploy hydrogen homes, 
which may impact the wider trajectory of the national hydrogen 
economy. 

Against a volatile socio-political landscape and socio-economic 
environment [68] in which energy security is a focal point [69–71], 
this research examines public perceptions of domestic hydrogen [72,73] 
across dimensions of socio-political, market, community, and household 
acceptance [74–77]. The underlying objective is to evaluate consumer 
attitudes towards hydrogen homes by examining acceptance dynamics 
in relation to critical factors such as public trust, financial perceptions, 
community benefits, disruptive impacts, and equity implications [73, 
75]. The study evaluates respective acceptance dimensions to assess 
which areas may be most at-risk and for which parts of society. 

Recognising that the ‘human dimension’ of technology acceptance 

[78–80] will shape energy transition pathways [81–84], this study is 
motivated by the need to bridge a critical knowledge gap on public 
perceptions of hydrogen homes [73]. Deeper comprehension of this 
topic may entail important implications for ‘hydrogen futures’ [85,86] 
and global decarbonisation pathways [87–90]. The study draws on 
qualitative data from a series of online focus groups conducted between 
February and April 2022 to engage with hydrogen perceptions in the UK 
context. In doing so, this contribution supports the call for empirical 
analysis on hydrogen acceptance [77,91,92], while engaging with the 
contested discourse around residential decarbonisation pathways [93, 
94]. The research design facilitates an integrated, mixed-methods 
multigroup analysis, whereby several consumer segments compose the 
sample (N = 58), enabling opportunities for comparative assessment 
across a range of social acceptance metrics. 

The rest of the study is structured as follows to fulfil its aim and 
objectives. Section 2 outlines the macro- and micro-level implications of 
transitioning to hydrogen homes. Section 3 reviews the literature on 
socio-political, market, community, and household acceptance of low- 
carbon energy technologies [74] and hydrogen energy technologies 
[73,75]. Section 4 describes the methodology, while Section 5 reports 
key findings on domestic hydrogen acceptance based on the statements 
of focus groups participants. Section 6 discusses critical insights on 
different dimensions of domestic hydrogen acceptance. Section 7 con
cludes the study by highlighting implications for stakeholders and op
portunities for future research. 

2. Macro- and micro-level implications of hydrogen homes 

2.1. Trends in UK carbon emissions and decarbonisation policy 

Currently, domestic heating is responsible for approximately 14 % of 
total UK carbon emissions, whereas cooking contributes to around 2 % 
[95].4 Addressing the carbon footprint of the residential sector entails 
rapidly phasing out 21.2 million gas boilers and 12.7 million gas cookers 
(hobs and ovens) [96,97] currently installed across 84 % of the housing 
stock (~23 million properties) [96,98],5 in addition to decarbonising 
off-grid properties [72,99]. Countering this imperative, around 1.67 
million gas boilers were purchased by UK consumers in 2019 [100].6 In 
view of these trends, it is evident that a portfolio of low-carbon energy 
technologies such as heat pumps, district heating, and possibly hydrogen 
will be needed to decarbonise the UK housing stock [99,101] in support 
of net-zero ambitions [102,103]. 

Supporting the vision for low-carbon heating, a policy ban on gas and 
oil boilers in newbuild homes is expected to be imposed by 2025 [104]. 
In parallel, the UK’s leading boiler manufacturers are currently devel
oping ‘hydrogen-ready’ boilers, which are expected to be price 
competitive with existing gas boilers [105,106]. Specifically, the market 
price of hydrogen boilers could reach parity with gas boilers before 2030 
[107], as supported by a recent ‘price promise’ made by the boiler 
industry’s ‘Big Four’ (Worcester Bosch, Vaillant, Baxi, and Ideal) [108]. 

At the macro-level, the domestic hydrogen transition would involve 
repurposing the UK’s national gas grid to support the transmission and 
distribution of hydrogen [109–111], as reflected by growing ambitions 
for developing ‘hydrogen backbones’ (i.e. large-scale, interconnected 
pipeline systems) [112,113] and regional hubs around major industrial 
clusters [114–116]. At the micro-level, transitioning to ‘hydrogen 
homes’ [117,118] entails deploying low-carbon boilers and cooking 

Nomenclature 

CCC Committee on Climate Change 
CCS Carbon capture and storage 
CCUS Carbon capture, utilisation and storage 
GDNOs Gas Distribution Network Operators 
GHG Greenhouse gas 
HVAC Heating, ventilation, and air-conditioning 
MtCO2 Million tonnes of carbon dioxide 
Ofgem Office of Gas and Electricity Markets 
RE Renewable energy 
REMA Review of Electricity Market Arrangements 
SMR Steam methane reformation 
TUC Trade Union Congress 
WTP Willingness-to-pay  

3 The cancellation was made effective by Energy Minister, Lord Callanan 
[59]. 

4 Between 2014 and 2018 energy consumption and emissions from domestic 
space heating increased by 9 % and 8 % Geels [327], followed by a 2 % increase 
in domestic energy use during the COVID-19 pandemic in 2020 [384].  

5 Around 30 % of the country’s housing stock (~8.5 million properties) is 
classified as ‘hard-to-treat’ [385], contributing towards around 50 % of 
household emissions [386].  

6 Representing an estimated 7 % of grid-connected properties [56]. 
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appliances [55] to support the ‘deep’ decarbonisation of the residential 
sector [75,119,120]. 

Although proponents of hydrogen argue that it could provide a 
relatively non-disruptive and cost-effective pathway for decarbonising 
homes [121], the techno-economic feasibility of domestic hydrogen is 
yet to be established [24,122]. Barriers to hydrogen technology 
deployment such as safety and cost will need to be overcome to support 
a socially acceptable transition [24]. As articulated by Jones et al. [123], 
addressing constraints and bottlenecks to technology diffusion calls for 
“increased collaborative research between social scientists, pure scien
tists and engineers” [123]. As a social science contribution, this study 
aligns to the call for integrating consumer acceptance into assessments 
of technology adoption [77,124], but makes no assumptions about the 
techno-economic feasibility of deploying hydrogen homes at scale. 

2.2. Trends in the energy price cap 

Establishing techno-economic feasibility and social acceptability are 
less probable during times of political and economic instability [125], 
adding to the challenge of enacting a clean hydrogen economy within a 
net-zero timeframe [126]. This study coincides with a time of extreme 
political and economic instability, compounded by the COVID-19 
pandemic [71,127],7 Russia-Ukraine conflict [31,32,128], and a host 
of ‘threat multipliers’ [70,129], which have culminated in an unprece
dented energy crisis [130], as demonstrated in Fig. 1. During 2021 
nearly 30 energy companies went bankrupt in the UK, affecting over 
four million customers [131,132]. Continuing the previous year’s trend, 
Bristol Energy collapsed at the start of 2022, displacing an additional 
176,000 customers [131,132]. Following these developments, the en
ergy price cap (EPC)8 increased by £139 (~12.2 %) in October 2021, 
before reaching £1971 in April 2022 [69]. Shortly after, forecasts sug
gested the next EPC would exceed £3000 [69,130,133], giving rise to 
concerns that the number of households facing fuel poverty could dou
ble from 6.5 to 12 million [69]. 

In October 2022, the EPC reached £3549; coinciding with the 
introduction of an energy price guarantee (EPG)9 of £2500 to help 
alleviate economic pressures. Thereafter, the EPC peaked at £4279 in 

January 2023 before falling to £3280 in April 2023, while the EPG 
remained in place. Reflecting seasonal demand for heating, the latest 
EPC for July to October 2023 is set at £2,074, while the EPG has been 
increased to £3000 and will remain in place as a safety net until the end 
of March 2024. Given recent trends, there are prevailing concerns that 
previous fuel poverty estimates could further increase by the end of 
2023 [134,135]. 

Unprecedented fluctuations in the EPC over the past 18 months (see 
Fig. 1) have led to emerging energy security policies, such as ambitions 
for up to 50 GW of offshore wind capacity by 2030 and 24 GW of new- 
build civil nuclear generation capacity by 2050 [53], alongside recent 
plans for hundreds of new North Sea oil and gas licences [136]. Such 
developments will have notable implications for prospective hydrogen 
production pathways [29]. Against this background, Section 3 further 
contextualises the study by reviewing the literature on socio-political, 
market, community, and household acceptance [73,74,77] for 
low-carbon and hydrogen energy technologies. As argued throughout 
the study, the emerging contours of hydrogen acceptance may yield 
important implications for the trajectory of UK energy policy. 

3. Dimensions of social acceptance 

Traditionally, international energy studies have engaged with the 
socio-political, market, and community dimensions of social acceptance 
[137–139], following “the triangle of social acceptance of renewable 
energy innovation” proposed by Wüstenhagen et al. [74] in 2007. 
Notably, the framework was initially developed to better understand 
community responses to onshore wind projects [74,140], but has since 
been applied to a wide range of energy technologies [76,123,137] and 
contexts [141–143]. 

In a recent contribution, Gordon et al. [75] incorporated additional 
dimensions of attitudinal and behavioural acceptance when con
ceptualising a novel multi-dimensional framework for examining do
mestic hydrogen acceptance. The framework integrates 
socio-psychological and socio-cultural factors [75], alongside 
socio-political, economic, and contextual factors embedded within 
traditional acceptance dimensions [73], thereby elevating the role of 
consumers in household energy adoption. Following the tenets of the 
five dimensions framework [75], the next sub-sections engage with so
cial acceptance at the socio-political, market, community, and house
hold level, reflecting the conceptual approach visualised in Fig. 2. 

3.1. Socio-political acceptance: public trust in the low-carbon transition 

Socio-political acceptance rests on the extent to which consumers 
view domestic hydrogen appliances as “a legitimate and just technology 
pathway” for improving society, the economy, and environment [75]. A 
key component of socio-political acceptance for the low-carbon energy 
transition is public trust [89,144,145]. While public trust10 is a nuanced 
[146] and multi-dimensional concept [147,148], it essentially reflects 
the degree to which society perceives stakeholders to have 
public-serving motives [67,149] linked to levels of competence and 
integrity [145,150,151]. 

Drawing on recent examples, the government announced a morato
rium on fracking in 2019 following local opposition [152], while the 
nationwide smart meter roll-out continues to face consumer resistance 
due to public mistrust, which has stifled market uptake [153–155]. 
Furthermore, it is possible that the cancellation of the Whitby village 
trail could lead to negative ‘spillover’ perceptions [156] towards other 
parts of the hydrogen economy. Reflecting this prognosis, Aditiya and 
Aziz [157] note the extent to which “low public trust is a potential 
hindrance” when aiming to introduce sustainable hydrogen 

Fig. 1. Overview of political and economic developments affecting UK en
ergy markets. 

7 The UK’s first two patients tested positive for Coronavirus on January 29th, 
2021.  

8 Set twice a year and regulated by the Office for Gas and Electricity Markets 
(Ofgem) to a limit the unit rate and standing charge that energy suppliers can 
charge for standard variable tariffs.  

9 A government subsidy introduced to limit the charges per unit of gas or 
electricity. 

10 We refer exclusively to ‘public trust’ throughout the study and consider this 
term to be interchangeable with ‘social trust’ in the context of this analysis. 
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technologies, while Dwyer and Bidwell [158] emphasise the importance 
of public trust to scaling up renewable energy (RE) projects. Accord
ingly, the cancellation of the Whitby village trial may diminish public 
confidence in hydrogen homes, as well other sectors of the hydrogen 
economy. 

Contrary to renewed policy commitments towards climate change 
targets [50,102,103], data suggests public trust in net-zero actors 
including the UK government remains low [159,160]. Public trust in 
further constrained owing to a lack of confidence in energy suppliers 
[78,161–163]. In 2020, Ofgem [164] reported that only 35 % of con
sumers (N = 4608) were trusting of energy companies compared to 45 % 
in 2019, while 28 % expressed distrust.11 While these trends can be 
partly attributed to the socio-economic repercussions of COVID-19 
[164], mistrust stems primarily from negative public perceptions con
cerning the profit motives of the energy industry [160,165]. Similarly, in 
the Dutch context, the intentions of energy suppliers to reduce CO2 
emissions has been met with public scepticism [149]. Moreover, the 
government is sometimes considered complicit due a lack of regulation 
and legal enforcement to help curb opaque business practices [166,167]. 

Recent hydrogen acceptance studies conducted in the UK [163,168] 
reflect the extant deficit in public trust. Employing a seven-point Likert 
scale (1 = strongly disagree; 7 = strongly agree) Van Alstine and Bastin 
[168] found that survey respondents in the North of England (N = 578) 
were doubtful whether the national government (M = 3.7), as well as 
local councils (M = 4.0), could be trusted to make competent decisions 
about hydrogen deployment. Similarly, Sovacool et al. [89] found that 
only 40.6 % of UK respondents (N = 2000) regarded the government as a 
trustworthy entity, whereas this figure increased to 50.4 % for scientists. 
Conversely, consumers are typically more trusting of local tradespeople 
and professionals [89,169,170]. 

Critically, the public remains sceptical about the commitment of 
government and industry towards facilitating distributional and proce
dural justice [73,160] (i.e. a socially just distribution of resources and 
benefits, and fair and inclusive planning processes). Nevertheless, the 
public expect these entities to ensure stringent management of health, 
safety, and environmental issues [163,171]. Supporting this assessment, 
the study of Van Alstine and Bastin [168] reported stronger levels of 
public trust in the notion that hydrogen technologies would only be 
introduced if safe (M = 5.1). To derive deeper insights regarding the 

trust dynamics of the domestic hydrogen transition, Sections 5.1 ex
amines qualitative evidence regarding public trust in the UK govern
ment, while Section 5.2 broadens the discussion to perceptions of other 
key actors and stakeholders, such as energy companies, gas distribution 
network operators (GDNOs), boiler manufacturers, and research 
institutes. 

3.2. Market acceptance 

When purchasing energy-efficient appliances [172], households 
operate as both investors and consumers [74]. Consequently, market 
acceptance entails a combination of economic and social factors [75, 
137] involving financial perceptions, consumer engagement in energy 
markets, and technology choice and personal preferences, which are 
reviewed in the following sub-sections. 

3.2.1. Financial perceptions 
The broader literature on hydrogen energy acceptance [77,91], 

including studies on hydrogen fuel cell vehicles [173], highlights the 
importance of economic factors [174] and associated financial percep
tions [77,91]. These observations are also consistent with studies on 
low-carbon energy technologies, which find financial factors to be the 
most critical barrier to consumer acceptance [175]. 

Market development for hydrogen homes is contingent on in
teractions between several key stakeholders across the supply chain and 
a range of intermediaries [24]. However, prospects for market uptake 
may ultimately be determined by two key factors: the ability and will
ingness of consumers to invest in hydrogen appliances [24,73]; and the 
extent to which potentially higher taxes and energy bills may potentially 
offset the ability or willingness-to-pay (WTP) for domestic hydrogen 
[72,78,176]. 

Independent sources estimate the total costs of the hydrogen con
version to lie between £3000 to £3300 for the average UK home [177, 
178].12 These figures suggest that hydrogen home appliances would be 
cheaper than heat pumps in terms of up-front costs [178–180]. Addi
tionally, it is forecasted that the market price of hydrogen boilers should 
reach parity with gas boilers before 2030 [107], as supported the 
industry’s recent price promise [108].13 While uncertainties remain 

Fig. 2. Conceptual framework for examining domestic hydrogen acceptance.  

11 Trust in the energy sector to treat customers fairly and to charge a fair price 
was also limited to around 40 %, while around one-quarter of respondents 
expressed distrust [164]. 

12 It is expected that hydrogen appliances and labour will account for around 
half and one-third of total costs, respectively [177].  
13 Similarly, the price of heat pumps is anticipated to decline as the market 

develops and economies of scale are achieved domestically [387,388]. 
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regarding cost impacts [24,29,181,182], evidence suggests financial 
perceptions will prove a critical factor of domestic hydrogen acceptance 
[73,78,183], especially for households facing economic hardship [176, 
184] and fuel poverty [71]. 

At present, research evaluating financial perceptions for hydrogen 
home appliances remains scarce [73], with evidence limited to studies in 
the UK [163,168,176,185], Australia [186–188], and Europe [89,189]. 
Surveying consumers in five European countries in 2020 (N = 10,109), 
Sovacool and colleagues [89] reported that 17.6 % of UK respondents 
(N = 2000) would be willing to pay €20/month more (equivalent to 
about £200/year) on their bills for low-carbon heating, compared to 
46.9 % among Swedish respondents,14 however the study failed to 
distinguish between technology types (e.g. biomass boiler, heat pump, 
district heating).15 By contrast, a hydrogen-specific study conducted in 
the same year (2020) within the UK (N = 1027) reported relatively low 
levels of concern about the switchover leading to a 7 % increase in gas 
bills [185]. However, it should be stressed that both studies were con
ducted prior to the current energy crisis, which infers WTP has likely 
decreased since 2020. 

Despite the imperative to quantify and unpack consumer perceptions 
of cost factors, there remains a lack of concrete evidence on this aspect of 
the hydrogen transition; beyond the acknowledgement that government 
subsidies and financial schemes are imperative to realising a low-carbon 
domestic energy future [168,185]. Although forecasting future 
hydrogen production costs is subject to significant uncertainty [190] 
and further compounded during times of political and economic crises 
[70,191], efforts must be taken to ensure hydrogen acceptance is 
examined meaningfully by accounting for WTP. 

Context-specific analysis on market acceptance, as presented within 
Sections 5.3 and 5.4 of this study, can help validate whether UK con
sumers may have a higher WTP for low-carbon products, as suggested by 
Ørsted in 2018 [192], Ernst & Young in 2021 [193] and Deloitte in 2022 
[194]. More broadly, insights on financial perceptions of domestic 
hydrogen can enhance research findings on consumer WTP for green 
technologies and services [195,196], which is a pivotal aspect of fore
casting national energy transitions [197]. 

3.2.2. Consumer engagement with energy markets 
Historically, the UK energy market has been dominated by six 

companies, with British Gas holding the largest market share [198,199]. 
Five companies16 have more than 70 % of the total market share, while a 
newcomer (Octopus Energy) has around 11 % market share [200]. An
alysts argue that the profitability of such companies has been consoli
dated through a ‘loyalty penalty’, whereby customers loyal to the same 
supplier remain on expensive default standard variable tariffs [201, 
202]. Consequently, around 50 % of households, typically those in fuel 
poverty or facing conditions of fuel stress, are significantly overcharged 
for their energy usage [203,204]. 

Ofgem [205] have surveyed consumer perceptions of the UK energy 
market over several annual quarters. The most recent surveys have 
coincided with the ongoing global gas crisis and subsequent changes to 
the EPC, which continue to impact energy affordability, market stability 
and consumer engagement [206,207]. Critically, in the third quarter of 
2022,17 it was reported that 53 % of consumers had affordability 

concerns, compared to 51 % in the first quarter of the year [207]. 
Moreover, across twelve surveys conducted since the third quarter of 
2019, there are persistent trends of decreased satisfaction and increased 
dissatisfaction among consumers, as depicted in Figs. 3 and 4. 

In terms of net satisfaction,18 the mean peak can be traced to the 
second quarter of 2020 (M = 77.1 %), while the most recent survey (Q3 
2022) has seen a decline of over 12 % (M = 65.0 %), compared to a mean 
of 73.6 % for the period (SD = 4.1). Mirroring these trends, levels of net 
dissatisfaction have more than doubled since the third quarter of 2019 
(M = 7.4 %), reaching a historic high of 15.0 % three years later.19 

Declines in confidence and satisfaction have proved especially pro
nounced in relation to ease of contacting energy companies, and 
comparing energy suppliers and prices. 

Overall, data collected by Ofgem [164,204,207] shows that vulner
able consumers remain less engaged, whereas owner occupiers, 
mid-ages, and higher social grades are more prone to switching energy 
supplier. Consumers with a propensity towards switching energy sup
pliers also feel more confident about comparing energy deals and 
making the best choice. By contrast, disengaged consumers are generally 
more risk-averse when it comes to switching supplier and more likely to 
prefer larger or better-known suppliers [164,207]. Moreover, vulnerable 
consumers such as those with a long-term illness or disability are 
significantly more likely to be dissatisfied with their energy supplier 
[206,207], emphasising the need for policy prescriptions to address 
energy vulnerabilities in the UK [135]. 

Supporting these findings, studies in both the academic [73,208, 
209] and grey literature [185,210] attest to widespread levels of con
sumer disengagement with energy markets, especially beyond the main 
activity of switching tariff or supplier. For example, Spence et al. [211] 
found that consumers in lower social grades and reliant on prepayment 
meters were less likely to adopt demand-side management technologies, 
despite facing affordability challenges. Consequently, this study co
incides with an unprecedented period of socio-economic hardship and 
anxiety, which has negatively impacted satisfaction with energy sup
pliers and markets across a range of metrics, as examined in Section 5.5. 

3.2.3. Technology perceptions and preferences 
In addition to financial perceptions and engagement with energy 

markets, technology perceptions and preferences will influence market 
acceptance for hydrogen appliances [73]. Mirroring the market for en
ergy suppliers, the boiler manufacturing market is highly oligopolistic, 
with four companies having most of the market share [105,106]. In 
parallel, this group is leading the charge to develop hydrogen-ready 
appliances, which continue to be tested in trials and demonstration 
projects [29,212]. It follows that consumers would be selecting their 
hydrogen appliances from existing companies such as Worcester Bosch 
[213,214], unless new companies were to enter the market over time. 

Given that the average gas boiler is usually replaced after about 12 
years [183,215], domestic hydrogen adoption may be partly driven by 
brand familiarity [73], as is the case for other consumer durables such as 
heating, ventilation, and air-conditioning appliances [216]. For 
example, Seitz et al. [216] found that consumers were willing to spend 
more on an air-conditioner with a reputation for quality, which was 
positively associated with an established brand name. Analysing pur
chasing trends in the Taiwanese refrigerator market, Lin et al. [217] 
found that the drivers of repeat purchase among consumers were “ease 
of use, innovative design, design excellence, and extra features,” 

14 Additionally, German, Spanish, and Italian respondents had a significantly 
higher WTP than participants in the UK.  
15 Notably, hydrogen was reported to be a much less popular option across all 

countries. Only 11 % of respondents preferred a switch to hydrogen compared 
to 32 % choosing solar heating [89].  
16 British Gas, E.ON, EDF, ScottishPower and OVO.  
17 Data was collected using a mixed-methods approach, consisting of 

computer-assisted web-interviewing (N = 3082) and computer-assisted tele
phone interviewing (N = 150) between July and August 2022. No data was 
collected during the second quarter of 2022. 

18 Ofgem employed the following five-point Likert scale in their surveys: Very 
satisfied; Satisfied; Neither satisfied nor dissatisfied; Dissatisfied; Very dissat
isfied. A sixth option, ‘Unsure’ is also included.  
19 Compared to a mean of 9.5 % for the period (SD = 2.5). 
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whereas Bayus [218] highlighted the importance of product perfor
mance for brand loyalty towards consumer durable products.20 Alter
natively, in addition to consumer dissatisfaction, limited diversity in 
terms of models and sizes may trigger brand switching [217]. 

Energy technology acceptance, particularly for smart homes devices 
and appliances, is higher when benefits are easily recognisable [219]. 
However, identifying cost-effective and energy-efficient appliances re
mains a challenging proposition for most consumers [220]. Addition
ally, when health and safety issues arise or are otherwise anticipated, 
consumer acceptance is likely to waver [219]. Concerns around hazards 
and risks could impede positive perceptions of hydrogen technologies 
[176,221,222], irrespective of their actual safety performance. 

Counteracting these acceptance barriers [24], market reports suggest 

UK consumers have a growing preference for embracing sustainability 
[194] and adopting renewable or low-carbon energy products across a 
wide range of goods and services [192]. It follows that communicating 
the potential environmental benefits of hydrogen appliances may prove 
critical to encouraging market uptake and building social acceptance 
[73,223].21 Consequently, for some consumers, technology perceptions 
and preferences will interact with knowledge and awareness of envi
ronmental impacts [75]. Accounting for these dynamics, Section 5.6 
explores consumer preferences for appliance brands and models in the 
context of hydrogen homes. 

Fig. 3. Net satisfaction with energy supplier and markets. Authors’ design based on [206,207].  

Fig. 4. Net dissatisfaction with energy suppliers and markets. Authors’ design based on [206,207].  

20 While ‘brand equity’ can be defined in terms of the “added value with which 
a given brand endows a product” [389], ‘consumer-based brand equity’ is 
composed of brand awareness and image [390] which may promote brand 
loyalty [216]. 

21 However, the emissions intensity of blue hydrogen [391–393] could un
dermine its role as a transitional fuel [38,394] towards realising a green 
hydrogen economy [395,396], while green hydrogen is not without its sus
tainability challenges [397] including GHG emissions risks from leakage [398]. 
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3.3. Community acceptance: spatial dynamics and energy justice 

Community acceptance for domestic hydrogen will be influenced 
primarily by public perceptions of perceived benefits, risks, and costs, 
which relate to economic, social, and environmental impacts [73,75]. 
More precisely, community acceptance is configured by perceptions of 
distributional, procedural, and recognition justice [224,225], which 
reflect equity impacts at the local level [226,227]. Accordingly, in a 
recent review, Gordon et al. [73] explored community acceptance in 
respect to the “spatial dynamics of hydrogen communities” and poten
tial energy justice impacts. 

The importance of regional industrial clusters and innovation sys
tems has been identified in the context of hydrogen and fuel cell 
development across Europe [228]. Madsen and Andersen [228] high
lighted the role of geography in establishing hydrogen hubs and 
engaging stakeholders in the UK Midlands and parts of Wales, finding an 
association between high activity in fuel cell development and innova
tiveness. Furthermore, industrial agglomeration around the hydrogen 
economy has been shown to support synergistic benefits [228] and 
public trust [229]. 

The geographical dynamics of the UK hydrogen transition are 
strongly dictated by activities around large industrial clusters [230], 
which contribute significantly to national GHG emissions [114,231, 
232].22 Within such areas, large-scale facilities for a range of 
energy-intensive activities such as electricity generation and distribu
tion, oil refining, manufacturing and distribution are co-located [114]. 
Adopting this terminology, a hydrogen cluster can be defined as follows: 

A geographic region where one large or a co-operative of smaller 
potential demand exists or alternatively as site which is advantaged 
through access to land and infrastructure such that it has the potential to 
become a hydrogen hub and distribute hydrogen to outlying customers 
[233]. 

To date, two hydrogen clusters have received Track-1 government 
funding as part of the Carbon Capture, Utilisation and Storage (CCUS) 
Cluster Sequencing Process [234]. The HyNet industrial cluster covering 
Merseyside and North Wales [235], and the East Coast Cluster linking 
Teesside and the Humber [115] received approval, while the Scottish 
Cluster (Projects Acorn Hydrogen and Fife Hydrogen Hub) was 
announced as a reserve [236].23 Consequently, the emerging spatial 
dynamics [237] of the domestic hydrogen transition revolve around 
coupling heat decarbonisation to industrial strategy [29,51,101]. 

Given that 23 million UK households rely on natural gas for heating 
[110], while around four million remain unconnected to the gas grid 
[238], the transition to hydrogen homes would entail a significant de
gree of spatial exclusivity [73,75]. Many parts of the country, both 
grid-connected and off-grid, are strongly characterised by “uneven 
economic and social geographies” [176], which poses an imminent risk 
to proliferating fuel poverty [71,135]. There is an imminent risk of 
exacerbating energy inequities should off-grid properties lag in the 
decarbonisation timeline [72,99]. These disparities could compound the 
difficulty of securing a socially acceptable and efficient decarbonisation 
pathway [75], aligned to the principles of energy justice and a ‘just 

transition’ [239–242]. 
Motivated by a similar rationale, Upham et al. [243] recently 

developed an integrated framework engaging with justice issues linked 
to industrial decarbonisation, wherein community-based planning and 
community capacity enhancement are important aspects of social 
acceptance. Furthermore, Devine-Wright [114] has explored the rela
tionship between reinhabiting industrial sites and community accep
tance, reflecting the need to understand interactions between siting 
decisions and public engagement. Interestingly, Cowell [237] found 
many UK gas projects have successfully reinhabited sites of former fossil 
fuel power stations, whereby developers mobilised arguments around 
the net environmental benefits of such projects, while encountering 
minimal local resistance about landscape impacts. 

At present, UK studies suggest mixed perspectives regarding the 
community impacts of domestic hydrogen [65,78,168]. Van Alstine and 
Bastin [168] reported moderate to high levels of local acceptance for 
hydrogen stimulating a green economy in Leeds, but also noted high 
levels of uncertainty as to whether hydrogen technologies would benefit 
local communities, as opposed to large businesses (M = 3.4).24 Relat
edly, Scott and Powells [65] noted strong concerns over socio-economic 
risks and distributional injustice among survey respondents in the North 
of England, while focus group respondents from Manchester and Bir
mingham expressed reservations over exacerbating energy vulnerabil
ities [78], which has also been echoed in the Australian context [72]. 

Given the potential synergies between industrial and residential 
sectors in the context of the UK hydrogen transition (see Section 1), 
community acceptance should be examined in relation to place-specific 
dynamics [75,114,244]. While some initial insights on community 
acceptance have been generated, few follow-up studies have been con
ducted to validate pre-COVID 19 results. Moreover, there is limited 
evidence regarding the equity aspects of the hydrogen switchover [72, 
78,176]. Similarly, efforts to explore the spatial dynamics [245–247] 
and justice implications [224,248,249] of the energy transition continue 
to lag [75]. To help reverse this trend, Sections 5.7 and 5.8 engage with 
community acceptance through the lens of perceived benefits, costs and 
risks, in addition to spatial dynamics and energy justice. 

3.4. Household acceptance: temporary disconnection from the gas grid 

Should the domestic hydrogen transition receive policy support in 
the upcoming years [29], the switchover process would require house
holds to be temporarily disconnected from the gas grid while appliances 
are changed or upgraded [250]. Disruption levels will depend on the 
duration of disconnection, which may range from several hours to a few 
days [78,162,185]. 

A nationally representative UK survey (N = 2000) conducted by the 
Decarbonised Gas Alliance [162] provides the only available quantita
tive evidence on this aspect, finding 39 % of respondents were ’uncon
cerned’ about being without gas ‘for a few days in summer’ compared to 
34 % expressing ’concern’. Additionally, the researchers [162] con
ducted four focus groups (N = 32) split between the North of England 
and Greater London, which suggested concerns over short-term 
disruption could be mitigated and appeased in most cases. While the 
prospect of disconnection raised some initial concerns, respondents 
were broadly satisfied provided solutions such as meal vouchers, bottled 
gas or financial compensation could be offered [162]. 

In a study conducted with four focus groups (N = 39), representing 
consumers from different housing segments in Manchester and Bir
mingham, Grey et al. [78] specified a hypothetical scenario in which 
300 homes would be switched to hydrogen in the summer over a 
three-to-four-day period. Notably, participants emphasised that heating 
and hot water would still be needed during the summer, while ques
tioning the feasibilty of completing the switchover in less than four days 

22 It is estimated that the industrial sector is responsible for approximately 16 
% of total UK CO2 emissions [399], with the country’s six largest industrial 
clusters (Humberside, South Wales, Grangemouth, Teesside, Merseyside, and 
Southampton) contributing around two-thirds of national industrial emissions 
[232]. Additionally, the Thames Estuary region emits around 12 million tonnes 
of carbon dioxide equivalent per year (MtCO2/year), which is almost on par 
with Humberside (~12.4 MtCO2/year) [232].  
23 In 2020, the Thames Estuary Growth Board also launched its ‘Green Blue’ 

action plan [400] and ‘hydrogen route map’ to accelerate its decarbonisation 
agenda for industry and transport, both on land and water [233]. The 2022 
Capital Hydrogen programme also comprises a series of projects for the London 
and Southeast region over the next 15–20 years [401]. 24 As measured on a seven-point Likert scale (7 = Strongly agree). 
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[78]. Other complaints were voiced over the disruption to home 
workers, alongside broader impacts to living arrangement during the 
switchover period [78]. Conversely, when conducting deliberative 
workshops, Fylan et al. [185] reported an underlying assumption that 
UK respondents expected the disconnection period to last a few hours, 
which resulted in minimal qualitative evidence on tolerance limits. 

Across the few studies conducted in the UK, one consistent finding in 
the need to safeguard vulnerable parts of society during the switchover 
period [78,162,185], which is a concurrent theme in Australian research 
[72]. However, in addition to the lack of both quantitative and quali
tative evidence on perceptions regarding temporary disconnection, the 
referenced studies date back to 2019–20. In response, Section 5.9 con
tributes up-to-date and in-depth findings on this dimension of household 
acceptance, which may help steer strategic decisions regarding the 
acceptable duration of the switchover process, while accounting for 
perceptions of individual risks and associated energy vulnerabilities. 

4. Methodology 

4.1. Focus group design and sample characteristics 

This research involved carrying out 10 semi-structed online focus 
groups between February and April 2022 using the Zoom platform 
[251]. Based on prior research on early adoption [252,253], environ
mental engagement [254–256], low-carbon developments in industrial 
areas [115,234,235], and fuel poverty impacts [257–259], participants 
were purposively selected to represent a range of different consumer 
segments, as described in Fig. 5. In addition to enabling opportunities for 
comparative analysis, this approach was implemented to account for the 
potential impact of citizens interested in community renewable energy 
(FG1, N = 5; FG2, N = 6), consumers with a propensity to be early 
adopters (FG3, N = 3; FG9, N = 8), residents engaged in environmental 
issues (FG4, N = 3 and FG8, N = 9), people living in industrial towns 
(FG5, N = 5), households facing fuel poverty pressures (FG6, N = 3 and 
FG10, N = 10), as well as a ‘baseline group’ (FG7, N = 6) which excluded 
these variables. 

Three modes of recruitment were employed by the research team to 
secure participants for the focus groups: networking25 with members of 
the local community in Marston Moretaine, Bedfordshire (FG1 and 
FG2); employing a market research company (FG3, FG4, FG5, FG6 and 
FG7); and through outreach on social media platforms (FG8, FG9 and 
FG10). To support the recruitment process, five Qualtrics surveys were 
designed with a series of specific filters matching these requirements, in 
addition to context-specific filters described in Ref. [260], and various 

quotas on socio-demographic variables (see Supplementary Note 1). 
While the final sample (N = 58) represented several parts of the UK 
population, some locations such as Wales, Scotland, and the Northeast 
England were underrepresented (see Fig. 6), which should be addressed 
in subsequent studies. Overall, this study encountered certain limita
tions26 in retrieving a fully nationally representative sample, which is an 
inherent constraint when adopting the focus groups method [135]. 
However, by including several sub-groups, the research design helped 
neutralise a partial lack of representativeness, while supporting the 
underlying objective to ensure diversity among participants and scope 
for representing multiple perspectives. 

4.2. Focus group format and information provision materials 

Based on literature review findings [24,73,75], the research team 
established a topic guide to motivate discussion on aspects of 
socio-political, market, community, and household acceptance. Each 
focus group lasted around 90 min and was moderated by the lead 
author, with support from co-authors and research colleagues. The same 
approach and design were maintained throughout each session, sup
porting consistency in terms of data collection to optimise opportunities 
for subsequent comparative analysis. In some focus groups, the moder
ator probed participants with follow-up questions to help extract more 
nuanced details on their perspectives, while at other times participants 
required minimal prompting and led the discussion in the first half of the 
focus group engaged with consumer preferences for cooking and heating 
technologies as reported in Ref. [260], perspectives on climate change, 
energy and environmental issues as documented in Ref. [261], and at
titudes towards the UK Hydrogen Strategy and production pathways 
which are examined in Ref. [262]. The second half of the discussion 
focused on the themes tackled within this analysis, following questions 
reported in Table 1. To support the discussion, a combination of infor
mation provision materials were employed, including two short videos 
and animated PowerPoint slides (see Figs. 7 and 8). 

Leading into the discussion on public trust, participants viewed a 
Channel 5 News video segment27 aired on August 17, 2021 to mark the 
release of the UK Hydrogen Strategy [29]. Following discussion of the 
video, which included a mix of government, industry, and scientific 
perspectives on hydrogen, the moderator shared a clip from Northern 
Gas Networks on the H21 Project [263].28 This segment provided par
ticipants with a visual representation of hydrogen home appliances, as 
transmitted via the HyStreet demonstration site located at Spadeadam, 
Northumberland [264]. The video content was restricted to a series of 
short subtitles, which minimised the potential for bias or emotional cues 
(see Supplementary Note 2). 

Next, the moderator shared an animated PowerPoint slide illus
trating the key actors and stakeholders within the UK hydrogen land
scape. The slide firstly showed a group of houses and energy companies 
to illustrate how a given street may have multiple energy suppliers. 
Next, Fig. 7 presented the four GDNOs responsible for managing the UK 
grid. Thereafter, interactions between government, industry, and the 
independent regulator (i.e. Ofgem) were outlined, before highlighting 
the links between academia and business consortiums, and finally the 
role of leading boiler manufacturers within the Energy & Utilities Alli
ance (EUA). Subsequently, participants reflected on their trust levels in 
different actors and stakeholders, and were prompted to justify their 

Fig. 5. Distribution of consumer sub-groups.  

25 With the Commercial Director of the Marston Vale Millennium Country 
Park, members of the Parish Council and local online groups. 

26 The sample was broadly nationally representative in terms of gender (slight 
over-representation of males); loosely nationally representative of housing type 
and marginally representative of housing type; over-represented by 26–35-year- 
olds and under–represented by 65+; and had a somewhat higher average 
number of occupants per household (3.1) compared to the national average 
(2.4).  
27 https://www.youtube.com/watch?v=g-VpyglBhrI.  
28 https://www.youtube.com/watch?v=CtAzCv5Sc48. 

J.A. Gordon et al.                                                                                                                                                                                                                               

https://extranet.cranfield.ac.uk/,DanaInfo=www.youtube.com,SSL+watch?v=g-VpyglBhrI
https://extranet.cranfield.ac.uk/,DanaInfo=www.youtube.com,SSL+watch?v=CtAzCv5Sc48


Renewable and Sustainable Energy Reviews 188 (2023) 113810

9

views. 
Finally, to help frame the discussion on community acceptance, 

participants viewed an animated PowerPoint slide illustrating the 
spatial dynamics of the UK hydrogen transition. The materials informed 
participants about the location of past and ongoing hydrogen trials and 
demonstration projects (black dots), the first cities and towns forecasted 

as potential candidates for deploying hydrogen homes (white dots), and 
the location of the HyNet and East Coast Cluster projects (red stars). 
Participants were also provided with additional information about the 
role of GDNOs and informed about hydrogen activities in Fife, east- 
central Scotland [265,266]. 

Fig. 6. Location of focus group participants. This map is also included in Supplementary materials by the authors in Ref. [260].  
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4.3. Integrated mixed-methods multigroup analysis 

In comparison to strictly qualitative or quantitative analysis 
[267–269], mixed-methods research offers a more complete approach 
for engaging with complex societal issues [270]. Traditionally, 
mixed-methods research is conducted via separate qualitative and 
quantitative stages prior to integration [269,271], however, a conver
gent method (i.e. bidirectional approach) [272] can also be achieved 
within a single stage of data collection to merge both ‘strands’ of evi
dence more directly [270]. Through this approach, integrated 
mixed-methods analysis [273] can support ‘narrative weaving’ [269, 
274]; whereby qualitative and quantitative results are merged themat
ically [271] to enhance the scope of findings [273]. 

Focus groups provide a powerful research method for conducting 
qualitative social science research [270,275], with strong applicability 
for examining public acceptance of emerging energy technologies [276, 
277] and attitudes toward the energy transition [278,279]. Notably, 
Sandri et al. [72] and Smith et al. [256] also employed focus groups to 
extract insights on different aspects of hydrogen acceptance. Principally, 
the focus group format supports flexibility and openness [276], which 
may reveal important insights otherwise overlooked in quantitative 
studies. Consequently, the method is recommended for generating deep 

insights [280,281] on novel topics [276] such as hydrogen homes [262]. 
However, the risk of potential bias due to the role of the moderator 
[282] and nature of group-specific dynamics [283] should be recog
nised, while the online format entails the limitation of digital exclusion 
[284]. 

By pooling multiple perspectives and facilitating dynamic group in
teractions [281,285,286], focus group data can also support a multi
group analysis [287,288], whereby areas of convergence and divergence 
between participants are thoroughly examined [260,289,290]. While 
multigroup analysis is usually reserved for analysing large-sample sur
vey data [291–293], this study demonstrates the efficacy of adopting the 
approach when extracting quantitative insights from qualitative data 
[294]; equating to an integrated mixed-methods, multigroup analysis, 
which reflects the end goal in Fig. 9. 

Aligning with other studies on energy acceptance [295,296] 
including hydrogen homes [72], the audio recordings were transcribed 
and inductively coded for each focus group using NVivo 12 qualitative 
data analysis software [297]. This approach facilitated an inclusive 
assessment of all available codes within the dataset [298,299] to support 
a rigorous combination of thematic and content analysis [300]. Firstly, 
thematic analysis [301] was undertaken by ordering and analysing 
consumer responses [302] to help capture the emerging narrative on 
hydrogen acceptance [72,303]. Secondly, analysing the themes and 
quantifying these outputs revealed areas of convergence and divergence 
[302] to enable an inductively-driven, comparative analysis [304–306]. 
To support narrative weaving throughout Section 5, a combination of 
illustrative statements and summary tables are provided to reflect the 
main themes and critical points [135,307]. 

5. Acceptance dynamics of the domestic hydrogen transition 

5.1. Public trust in the government 

Trust levels in the UK government varied notably between certain 
focus groups, revealing a tendency towards scepticism and mistrust in 
many cases (see Supplementary Note 3). For example, one participant 
was pessimistic about the future: “I’m not sure I trust this government a lot 
to take things forward for the next 10 to 15 years. Will this just be another 
flash in the pan? I need to see action behind the talk from the government and 
serious investment” (FG2:1). In some cases, respondents positioned the 
government as potentially more trustworthy than other entities: “I’d 
hope that the government would be impartial, whereas British Gas or other 
private companies would obviously have shareholders. I would hope the 
government would at least want to do the right thing” (FG7:2). However, 
other respondents countered this viewpoint: “the government needs to 
work on building trust. I would trust the energy companies more than the 
government” (FG10:8). By contrast, a minority of participants expressed 
complete trust in the government and industry, “the companies, the 
suppliers and the government, we have 100 % trust and will go with them, 
especially because it’s good for the environment, the future and the earth” 
(FG9:10). 

In total, one-third of respondents (N = 19) discussed trust in the 
central government, wherein low trust (N = 10) prevailed as the most 
frequent perception, followed by high trust (N = 6), and partial trust (N 
= 3). While findings at the sample level serve to emphasise a tendency 
towards mistrust, it is also noteworthy that specific sub-groups 
demonstrated clear response patterns, as reflected in Fig. 10. At the 
positive end of the trust spectrum, owners of solar PV panels and smart 
devices (FG3 and FG9) expressed unequivocal confidence in the gov
ernment. By contrast, participants interested in joining a RE community 
(FG2) or actively engaged in environmental issues (FG4 and FG8) 
framed their lack of trust around past negative experiences with UK 
energy policies. For example, one respondent referenced the high cost of 
heat pumps, problems with solar feed-in tariffs, lack of electric vehicle 
infrastructure and “getting stung by diesel cars in 2009” (FG2:3). 

It may be inferred that acquiring solar PV panels and smart devices 

Table 1 
Overview of acceptance dimensions, themes and questions.  

Acceptance 
dimension 

Themes Questions 

Socio-political Trust levels in key actors and 
stakeholders of the UK 
hydrogen transition  

• How do you feel about 
trusting the main actors and 
stakeholders of the hydrogen 
transition?  

• How do you feel about having 
a choice when it comes to 
switching to hydrogen? 

Market 
acceptance 
(1) 

Choices and decisions 
regarding energy suppliers, 
appliance brands and models  

• Has anyone changed their 
energy supplier in the last few 
years or more recently?  

• How would you go about 
choosing your energy 
supplier if using hydrogen?  

• How do you feel about having 
a choice about appliance 
brand and model? 

Market 
acceptance 
(2) 

Financial perceptions of the 
purchasing, running and 
maintenance of domestic 
cooking and heating 
technologies  

• How do you think the cost of 
hydrogen appliances should 
compare to natural gas 
appliances?  

• How do you think energy bills 
for hydrogen should compare 
to natural gas?  

• What cost impacts do you 
expect when it comes to 
maintenance of your 
appliances? 

Community 
acceptance 

Community benefits, costs and 
risks of the hydrogen 
switchover  

• What do you see as the 
potential benefits of 
hydrogen for your local 
community?  

• What do you see as the 
potential costs or risks of 
hydrogen for your local 
community?  

• How do you feel about having 
a choice when it comes to 
switching to hydrogen? 

Household 
acceptance 

The disruptive impacts of 
hydrogen homes and energy 
vulnerabilities  

• How long would you tolerate 
being temporarily 
disconnected from the gas 
grid during the switchiver?  

• How do you feel about 
engineers and technicians 
having access to your home 
during the switchover?  
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instils a stronger sense of confidence in energy policies, which may 
motivate similar investments. By contrast, aspirations for joining a RE 
community link to the desire for energy independence, which may be 
associated with mistrust in the government. Interestingly, baseline re
spondents (FG7) were equally split between trust categories, while fuel 
poor/fuel stressed participants (FG6 and FG10) were slightly skewed 
towards the negative end of the spectrum, which likely reflects their 
disillusionment with recent government policies. 

5.2. Public trust in key actors and stakeholders 

In some instances, participants drew more explicit comparisons to 
other key actors and stakeholders in conveying their trust levels (see 
Supplementary Note 4). Consistent with international research [153, 
188], strong concerns over the profit motives of energy companies and 
other private organisations surfaced in multiple focus groups (i.e. FG2, 
FG3, FG4, FG7, FG8). For example, one respondent drew wide approval 
from other participants when critiquing corporate taxation rates and the 
profit margins of a major oil producer, “the government needs to tax it 

Fig. 7. Animated PowerPoint slide depicting key actors and stakeholders within the UK hydrogen landscape. The image is considered a selective representation 
accounting for active parties as of February 2022, as opposed to an exhaustive representation of the UK hydrogen landscape. 

Fig. 8. Animated PowerPoint slide illustrating the spatial dynamics of the UK domestic hydrogen transition. Scotland was partially cut off in the animated slide to 
enable a clear resolution. The original version of the central map is presented in Ref. [75] where Scotland is fully visible. 
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because all our gas bills have just doubled, yet BP has just announced £9 
billion profit … how about they make £1 billion profit, and our bills stay the 
same as they were” (FG2:3). By contrast, participants saw Ofgem as a 
trustworthy entity and were generally confident in information provided 
by universities and research organisations, which has been found in 
other studies [163,308]. 

One respondent (FG8:3) with extensive experience working in 
community-led housing in the Northeast of England expounded on the 
“root of trust” concerning the UK hydrogen transition: 

“… well, where is the power? With the people? No! We are being guided by 
having to put our trust in industry and government and the institutions to 
come up with the right solutions for the right reasons. Going back to the 
root of trust and that landscape … we would generally think that the 

academic institutions would be the most objective and reliable, and I think 
they are. I’m not disputing it” (FG8:3). 

When public trust wavers, social friction towards the hydrogen 
economy is more likely [157], which may counteract socio-political 
acceptance [309] for residential decarbonisation [310]. 

In some cases, participants also took a macro-view of the UK 
hydrogen landscape as presented to them in Fig. 7, which drew largely 
polarising perspectives, as described in Table 2. Most respondents were 
reassured by the range of actors, while others perceived multiple actor- 
networks as a potential barrier to implementing meaningful and coor
dinated action. Notably, a business manager working in the finance 
sector (FG1:1) viewed the evolving direction of the hydrogen landscape 
positively, owing to more inclusiveness and stakeholder engagement, 
reflecting a potential shift towards increased procedural and 

Fig. 9. Methodological approach and research stages.  

Fig. 10. Public trust levels in the UK government.  
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distributional justice. However, other respondents cited concerns over 
potential conflict and inaction among “a myriad of organisations” 
(FG7:4). 

Interestingly, there were also objections to privatisation, with one 
respondent commenting that “nationalisation is also a good way to go to 
help the people,” (FG8:7), while another participant elaborated further: 

“I feel the energy system should be controlled and organised by the gov
ernment, with the government having total control over it and other 
stakeholders having just a minimal role in the discussion and actions 
regarding the energy system” (FG9:6). 

Such perspectives are timely, following a call from the Trade Union 
Congress (TUC)29 for government reforms to make the “Big Five” energy 
companies publicly owned [200,201]. The TUC advocates for a ‘social 
pricing structure’ to enable affordable prices for basic energy services, in 
line with other European countries [200]. Speaking to this issue, one 
respondent came to the following conclusion: “the government should not 
allow the costs to be passed on to the consumer. We all have to play our part 
[in net zero], but none of us can afford to if it’s all on our shoulders” (FG2:3). 

The TUC also cites the past transition from town gas to natural gas 
[119,311] as an exemplar of the need for coordinated central planning, 
when it comes to enacting a successful, large-scale domestic energy 
transition [200]. Reflecting these pressures, the UK government 
launched the Review of Electricity Market Arrangements (REMA) be
tween July and October 2022 [312]. The consultation aimed to “identify 
reforms needed to transition to a decarbonised, cost effective and secure 
electricity system” [313], which may include decoupling electricity 
markets from the gas price [314]. These ongoing developments reflect 
the extent to which public trust in both the government and industry will 
shape the emerging contours of the hydrogen transition, alongside wider 
prospects for reaching net zero. 

5.3. Perceptions of purchasing costs 

Purchasing a new gas boiler is a highly context-specific decision 
which is often triggered by system breakdown, or usually delayed until 
the appliance reaches the end of its lifespan (i.e. 12–15 years), especially 
for low-income earners [183]. Absent of environmental pressures and 
forthcoming regulations, it follows that a large proportion of the UK 
housing stock could feasibly continue using their current boiler into the 
mid-2030s. Having recently replaced their faulty boiler, a solar PV 
owner reflected this reality: “The whole question of purchasing costs de
pends on whether the appliance needs replacing or not … if you have a brand 
new natural gas boiler, you are not going to want to spend a penny” (FG9:2). 

Relatedly, it was stressed how the lifetime of hydrogen appliances 
should be “at least 10 to 15 years, to match the reliability of current gas 
boilers” (FG3:1). Having moved to a new build house where the boiler “is 
probably the most recent spec,” one participant further explained how an 
incentive would be needed, otherwise the changeover “wouldn’t be very 
cost-effective” (FG5:2). Across the sample, several participants cited the 
need for subsidies, incentives, or other government schemes to motivate 
and facilitate the purchase of hydrogen appliances, as reported in 
Table 3. Furthermore, one respondent linked the domestic hydrogen 
transition to intergenerational justice [315,316] by drawing parallels 
between decarbonisation and the public health, “it’s like health, the 
government need to heavily subsidise this now, otherwise our kids and their 
kids will be paying for it” (FG2:3). 

Ultimately, it was admitted that “until you know the economics of it and 
how much you are going to save, it’s hard to say … economically it’s unclear, 
we can’t say” (FG7:1). Additionally, uncertainties in weighing up cost 
and performance factors were underlined, which could stifle decision- 
making and consumer uptake if addressed inadequately: 

“I don’t know … if there may be a price hike like when they brought in 
electric cars like Tesla … it depends about cost-benefit analysis doesn’t it? 
If you are going to pay more and get high quality longevity, then maybe 
yes. But if there are no sort of guarantees on that, then maybe no. There 
are a lot of things to weigh up” (FG4:1). 

In addition to referencing the price of electric cars and the capital 
costs of solar panels, several participants framed their response in 
relation to the current costs of heat pumps and the Boiler Upgrade 
Scheme [317], which they saw as too high and insufficient, respec
tively.30 However, only two participants (both solar PV owners), shared 

Table 2 
Perceptions of the macro-environment and emerging hydrogen landscape.  

Participant Illustrative statements 

FG1:1  • At the minute, people investing in ethical and sustainably sourced 
economics is becoming more and more of a thing, so it’s going to get more 
and more backing as more people are investing into it. It won’t just be 
down to the big wigs in Parliament and the mass stakeholders anymore. It 
is becoming more sociable and more conscious of society to invest in these 
areas rather than just the big corporations that are guaranteed to make 
money. So, it’s going to become bigger, and I think not just bigger, but 
more secure for people going into it because it is getting more backing 
from Joe Bloggs. 

FG1:5  • It’s very good to see there are brands you recognise and also that there are 
so many stakeholders involved. 

FG3:3  • Well, I guess there’s a lot of people involved which could complicate 
things. That could be a problem (FG3:1 responds “Yes”) 

FG7:4  • One problem with the set-up here as portrayed is there is a myriad of 
organisations involved and that seems to be a recipe for doing nothing! 

FG8:2  • There are simply too many parties involved for us to understand all this. I 
used to work for Transco who have now been swallowed up. It’s a 
minefield because you can’t actually change the choice of the person who 
provides your gas piping. You can only change your energy provider in 
name and label. It’s not really changing your supplier. 

FG9:1  • I think there’s quite a large blend of experts, whether it’s from companies 
or manufacturers, government, or utility companies. It seems quite a 
varied mix which makes me feel better. It’s not all coming from the 
government, or it’s not all coming from companies with vested interests. 

FG9:2  • Now, those organisations … have significant responsibility, legally as well 
as ethically, and for that reason they have experts … to ensure that things 
like the [lack of] smell and the concerns that were raised earlier get 
addressed. So, it’s a natural progression and I have 100 % confidence 
that it can be done safely and ethically.  

Table 3 
Consumer perceptions of government support for domestic hydrogen adoption.  

Participant Illustrative statements 

FG3:2  • If they [hydrogen appliances] are a lot more expensive, then people will 
probably not want them. I can understand they won’t be cheap because 
they are new and because of research and development costs. Maybe 
there could be something like a green tax benefit for helping the 
environment in that way. 

FG7:1  • If you’re going to have to spend £6000 to get a new hydrogen boiler, or 
you have to pay for at least half of it and the rest is a subsidy, then it’s not 
very beneficial to the people that have recently invested in a new gas 
boiler. I assume there will be some kind of grant in place, so if you’ve got a 
ten-to-fifteen-year-old boiler, then it would make sense for you it to 
change it, and have the government pay towards … they have to assist 
you. 

FG7:3  • Decisions will depend on government subsidies which tell you do this 
please and they dangle the carrot. 

FG9:3  • An attractive market introductory price would be good … and a long-term 
deal with potential discount for referrals made to other customers.  

29 A federation of 48 trade unions representing 5.5 million workers [201]. 

30 The Boiler Upgrade Scheme supports households with grants of £5000 or 
£6000 when switching to an air source heat pump (ASHP) or ground source 
heat pump (GSHP) [101]. 
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a specific figure regarding their willingness to invest in a hydrogen 
boiler. Estimates ranged from £3000 (FG9:7) to £5000 (FG9:6) for both 
purchase and installation. A Scottish participant from a family of engi
neers lent a more technical perspective, “I’m not sure that it should cost 
anymore because it might just be the same sort of structure and design. The 
technology behind that should be much the same” (FG5:5). Moreover, one 
participant expressed a position that may represent much of the society, 
beyond just the North of England or equivalent socio-economic geog
raphies [176]: 

“I would like the price to stay the same, as I’m not in a position to afford a 
higher price and I feel this reflects a lot of the UK. If I had the extra money, 
I would be open to pay more for hydrogen but again there are always other 
things that you could use your spare cash on” (FG10:4). 

Broadly, respondents communicated three perspectives regarding 
purchasing costs, which are represented in Fig. 11 (see Supplementary 
Note 5). The mid-range perspective anticipated hydrogen appliances to 
be roughly on par with natural gas appliances, or at most, marginally 
more expensive, while subsidies and incentives like tax benefits should 
still be in place. Other respondents argued in favour of cheaper appli
ances to counteract widespread unwillingness or inability to pay and 
subsequent social resistance. Additionally, several participants antici
pated or otherwise accepted that hydrogen appliances will cost more 
because the technology is new; noting that some people would be willing 
to pay for environmental benefits, while others would require financial 
support. Bridging these perspectives, one respondent forecasted poten
tial implications: 

“If it was the same cost then people wouldn’t bother with disruption … if it 
was cheaper than natural gas, then there would be a more positive uptake. 
But if it was the same price or higher, nobody in their right mind would 
agree … and there wouldn’t be that public adoption” (FG9:2). 

In total, one-third of respondents (N = 20)31 provided reflections on 
the purchasing costs of hydrogen appliances, with ‘cost parity’ prevail
ing as the most frequent response (N = 10), followed by ‘higher costs’ (N 
= 7), while a minority of participants argued that ‘lower costs’ is a 
prerequisite of market acceptance (N = 4). However, insistence upon 
lower costs failed to be communicated by fuel stressed respondents, who 
instead were split between an expectation for cost parity (N = 3) and 
higher costs (N = 3). While limited to a small sample size, this pattern 
draws attention to a potential lack of confidence for tackling fuel 
poverty through the deployment of hydrogen homes, which is somewhat 
unsurprising given recent trends in energy markets. In parallel, there are 
indications that consumers anticipate cost equivalence, which resonates 
with the recent price promise from boiler manufactures. 

5.4. Perceptions of running costs 

Although initially asked about purchasing costs, several respondents 
contextualised their answer by citing running costs. For example, one 
participant desired “to know what the impacts of the purchase will be on 
running costs … is there any payback there?” (FG5:3). Other participants 
(FG9:2, FG9:3, FG10:2) shared this feeling and believed reduced energy 
bills would help justify the purchase a hydrogen appliance. Commenting 
on the initial stages of the transition and the prospect of early adoption 
across the North of England, one respondent conveyed a mix of realism 
and pessimism: 

“If it’s going to be more expensive … that’s not going to go down well 
without a proper sort of subsidy from the government. It has to be cheaper 
or on par, but I can’t see that happening. I can’t see energy costs going 
down from where they are at the moment” (FG9:1). 

This statement motivated a follow-up reply arguing against a levy on 

energy bills and potential grounds for aggravating inequities: 

“I think it’s a matter for government and taxation. It shouldn’t be a levy 
on energy bills because that would disproportionately disadvantage those 
that have a very high energy usage as well as businesses, more so than 
those that have a really low usage. So, it would have to come from general 
taxation” (FG9:2). 

Responding to the hope that “energy bills would be less” (FG1:3), 
another respondent stressed the importance of transparency regarding 
the carbon footprint and environmental impact of hydrogen appliances: 

“… or at the very least, your energy bills would be equal to now. I would 
be willing to pay the same if it was a green option, but I would need to 
know that it really is a greener option and that there isn’t any hidden CO2 
in the background” (FG1:1). 

Participants grappling with fuel poverty touched upon similar 
themes, for example, “I’m all for saving the environment, but at what cost is 
it going to come for the normal household?” (FG6:1), and “… we all want to 
do our part to help the environment but being green is very expensive … you 
want to help the planet to thrive but not at a cost of reducing what we already 
have" (FG6:2). Furthermore, their fellow participant elaborated how 
“everyone’s circumstances are different, income and household wise” and 
felt that “paying for the appliance and having to maybe pay higher energy 
bills initially would be a bit off putting” (FG6:3). This viewpoint was further 
verified in reflection of the financial challenges facing younger age 
groups: 

“I have a 22-year-old son moving out soon and it worries me about how he 
can start off on the property ladder, if you’re trying to pay your bills and 
your mortgage and you have extra costs for the government’s net-zero 
vision. That worries me a lot. I’ve already seen my energy bills shoot 
up” (FG2:1) 

Underlining the far-reaching implications of personal circumstances, 
a Union representative, tasked with helping people with low incomes to 
pay their energy bills, communicated the plight of citizens in fuel 
poverty via the chat box: 

“When the decision really is freeze or starve, there is no money for con
version or for swapping energy supplier, and this is pre- the recent hike … 
when you have no disposable income at all, the cost to the bank balance 
overrides all else. In fact, the thought that a change would be mandatory 
at some point will be one full of anxiety” (FG8:7). 

Overall, most participants expected that running costs would either 
stay the same or decrease slightly , while several respondents proved 
unwilling to pay for higher energy bills. However, a minority of re
spondents had a higher WTP in return for a greener option, underscoring 
the interactions between market acceptance and environmental per
ceptions [256,262]. 

5.5. Perceptions of energy suppliers 

To better gauge their experience with and attitudes towards energy 
companies, participants were asked to confirm if they had previously 
changed supplier, and to share any relevant details regarding this de
cision and the process. The rationale for introducing this topic was to 
ascertain how consumers would feel about potentially changing to a 
hydrogen-specific provider in the future, and to invite reflections on 
recent events in UK energy markets. Previously, it has been shown that 
“widespread consumer disengagement in the energy market remains an 
obstacle to net-zero ambitions and climate change targets” [73]. 

Government reports show that a high proportion of UK consumers 
remain disengaged with energy markets [184], especially in terms of 
switching energy supplier and tariff [203]. Contradicting the national 
data, all focus groups proved familiar with recent developments in the 
UK energy market, and several participants had direct experience of 
switching energy provider. In most cases, respondents had elected to 31 One respondent provided a dual perspective (FG5:5). 
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switch energy provider based on cost benefits, usually doing so on 
annual basis at minimal inconvenience. At times, the voluntary decision 
to change had been taken due to poor customer service, as opposed to 
being “totally motivated by cost” (FG1:1). In other instances, respondents 
had been switched automatically or forced to change provider due to 
their supplier becoming insolvent. 

In total, twelve companies including the traditional ‘Big Six’32 [198, 
199] were mentioned by various participants spread out across half of 
the focus groups (FG1:1, FG3:2, FG3:3, FG4:1, FG4:2, FG4:3 FG6:1, 
FG6:2, FG10:2), while other respondents confirmed past switchovers 
without mentioning specific details. Consistent with previous studies 
[89,161,167], a feeling of dissatisfaction prevailed among the sample, 
revealing a lack of confidence in the credibility of energy providers. One 
property owner was candid in their criticism and drew widespread 
agreement from fellow participants: “We’ve got two properties and we’ve 
been changed over from Npower to E. on, and from First Utility to Shell 
Energy, and in the past I’ve used British Gas, and to be honest, in my opinion, 
they’re all as bad as each other” (FG4:1). Notably, similar perspectives 
were captured in the study of Sovacool et al. [89], which reported 
dissatisfaction among UK consumers due to the perceived gross negli
gence of certain energy companies. 

The business models and profit motives [153,165] of one energy 
provider were called into question as an exemplar, with other partici
pants in the baseline group echoing this viewpoint, “I was with SSE, then 
all of a sudden, I’ve been changed to OVO and they just seem to be making a 
quick profit and legging it” (FG7:1). Furthermore, the same respondent 
elaborated on the importance of market competition: 

“After what’s happened recently with all these energy companies setting 
up and offering people a really cheap deal and then going under, I suppose 
you’re taking a bit of a gamble. Because if you change to this company 
that’s just set up and it doesn’t work, then you probably won’t be able to 
get your gas supply back as quick if it all goes horribly wrong, compared to 
being with an established company. I think the big issue is competition. If 
there’s only a few companies, then they can put a higher price than if there 
are 20 companies” (FG7:1). 

To an extent, attitudes towards switching energy supplier reflect the 
typology developed within the Ofgem Consumer Survey 2020 (update 
on consumer engagement with energy) [164], which demarcates six 
specific consumer profiles described in Table 4. Moreover, this study 

finds that consumer behaviours and preferences may reflect a combi
nation of different profiles, linking to a range of factors such as customer 
loyalty, price, competition, and reputation (see Supplementary Note 6). 
While it is instructive to categorise consumers, it is essential to further 
understand the specific driving factors behind segmentation, which may 
imply multi-dimensional perspectives. 

Considering a prospective market for hydrogen homes appliances, 
this analysis identifies nine factors which may influence consumer 
engagement with energy suppliers and the decision to switch provider. 
In total, 21 respondents (~36 %) provided statements on this topic, 
mentioning two factors on average (N = 40), as illustrated in Fig. 12. 
Cost savings emerged as the most critical factor (N = 10), followed by 
reputation and reliability (N = 6), while factors such as customer service 
(N = 4) and company values and ethics (N = 3) had a secondary influ
ence. Notably, some participants expressed their preference for switch
ing to a hydrogen supplier (N = 5), which was typically associated with 
the call for a more competitive market (N = 4). 

At the sub-group level, participants living in industrial towns and 
fuel poor respondents accounted for more than half the references to 
cost savings, with an equal split between the two groups. This associa
tion may be attributed to the higher prevalence of socio-economic 
hardship across industrial heartlands, reflected by a high representa
tion of fuel poor respondents from industrial parts of Manchester and 
Chester. Insightfully, one member of the industrial towns focus group 
underscored the relevance of market acceptance within this context, 
“that’s an important point about consumer choice and who you want to go 
with if there’s only one leading supplier and your stuck with them, whatever 
the cost or service” (FG5:1). 

5.6. Preferences for appliance brands and models 

Participants broadly agreed that the hydrogen appliance market 
should offer well-established and reputable brands to support consumer 
trust and buy-in, as captured in Fig. 13 (see Supplementary Note 7). 
Having a wide choice, comparable to the current market for natural gas 
appliances, was prized by most participants, with one respondent 
envisioning market diffusion reminiscent of the uptake of smartphones 
[318,319]: 

“It may take time, but definitely you should be able to walk into Currys33 

or look online and buy these appliances just like you do now. The more 

Fig. 11. Consumer perceptions of purchasing costs for hydrogen home appliances.  

32 British Gas, EDF Energy, E. ON, Npower, Scottish Power and SSE. Addi
tionally, participants mentioned Bold Energy, First Utility, OVO Energy, So 
Energy, Shell Energy and Utilita Energy. 

33 An electrical retailer operating in the UK and Ireland, which specialises in 
white goods, consumer electronics, computers, and mobile phones. 
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houses that have it, the more the market will take off, just like with mobile 
phones moving from Nokia phones” (FG4:2). 

Such responses add weight to the notion that consumers are more 
likely to support the hydrogen transition if it brings increased market 
choice [320]. In addition, several participants in the industrial towns 
group stressed the importance of having a warrantee, of at least ten and 
up to fifteen years, for purchase to be considered a viable option. 
Furthermore, brand recognition and reputation were explicitly 
emphasised as critical to market acceptance: 

“We all want choice, but we also want recognised brands like Worcester 
Bosch and others that we would be able to trust … To have just one 
manufacturer … is not going to be the way to go. I think we need to be able 
to have choices, whether we want one with a long warrantee, different 
models, things like that” (FG9:1). 

In response, a fellow participant cautioned against the risk of mo
nopoly power and market failure [321,322]: 

“You’ve got to have a choice for it to be market competitive, otherwise you 
end up with a company that has a monopoly … You need those organi
sations that have experience in manufacturing this sort of equipment 
because they’ve already got the supply chain in order … If it’s a brand new 
start-up with everything from scratch, then forget it. If you can afford to, 
you choose to have a brand name boiler because you only have one of 
them and there’s no back up” (FG9:2). 

A few participants also flagged potential issues that may arise, should 
the servicing of hydrogen appliances be tied to the manufacturer. One 
respondent with contacts in the building trade explained how “they’ve all 
got their favourite companies … I know a lot of mates who are plumbers and 
love Valliant but won’t touch Bosch or Reliant” (FG3:2), while another 
participant highlighted associated risks: 

“I suppose the other issue with friends of mine is that certain companies 
make it difficult for engineers to service their boiler. They want to use their 
own gas engineers. So, you could get a situation where they are bringing in 
this new technology and the gas fitters won’t be able to service them” 
(FG7:1). 

Consequently, several respondents stressed the need for a fairer 
market for repairs and servicing: “I don’t think you want to be tied to a 
particular service contract. You want to be able to go out to the market and 
find Joe Bloggs, and not rely on the manufacturer, otherwise they can charge 
what they like” (FG7:5). Reflecting the potential for consumer resistance, 
concern was voiced over the difficulty of securing a reliable repair ser
vice, which is “a struggle already” and could be exacerbated if hydrogen 
appliances become “a niche market” (FG5:2). These remarks reflect the 
current risk that qualified hydrogen technicians could be in short supply, 
at least during the initial phases of the transition [54,215,323]. 

5.7. Perceived community benefits, risks, and costs 

Respondents framed the divers of community acceptance for do
mestic hydrogen around environmental, health, and economic benefits. 
The potential environmental and climate change benefits of hydrogen 
(e.g. for “cleaning up air pollution” FG1:2) were mentioned twice as 
frequently as health benefits. Economic benefits were the least discussed 
of the three areas and mentioned tentatively in most cases. One partic
ipant speculated, “… employment opportunities also maybe” (FG3:3), 
while another commented, “you would need engineers to install appliances, 
so I guess people would have to train to do that” (FG1:3). Representing an 
optimistic outlook, a respondent from South Wales detailed positive 
employment prospects for the local community based on recent activ
ities and developments in the region: 

“Down here, through all my lifetime there has been basically oil and 
petrol, three of four refineries within two miles of each other. Two of those 
have closed, but they have reopened as LNG [Liquified Natural Gas] ones. 
So, it’s all new technology … people are now being retrained to do all the 
new renewable energy jobs … They’re highly paid jobs which we needed 
because our economy was suffering … now the local people are starting to 
be retrained. My son works in it now … it’s positive news for Pem
brokeshire” (FG4:2). 

This narrative reflects how citizens may envision prospective 
hydrogen futures [86] as a source of “hope for the regeneration and 
maintenance of a community” [324]. Touching on this aspect, one 
participant was somewhat optimistic about market developments, 
“looking at current gas prices, hopefully reduced costs would be a benefit to 
local communities” (FG2:6). 

Countering this sense of optimism, a community leader stressed the 
importance of economic risks: 

Table 4 
Consumer profiles associated with attitudes towards switching energy supplier.  

Consumer 
profile 

Characteristics Illustrative statements 

Happy 
shoppers  

• Confident, trusting and 
engaged with the energy 
market  

• On the lookout for the best 
deal possible and positive 
about switching  

• I would switch energy supplier 
to whoever has the cheapest 
tariff. There’s no loyalty 
involved (FG7:5). 

Contented 
conformers  

• Broadly happy with the 
status quo and trusting their 
supplier  

• Nervous of change and risk 
averse, with limited 
engagement in the energy 
market and little confidence 
in or motivation towards 
switching  

• I’ve heard some horror stories 
about people changing energy 
supplier, so I’ve stuck with 
what I know really. Especially 
because we’ve had this year or 
last year where companies were 
failing because of rising price, 
you would definitely want to 
know it’s secure (FG1:2). 

Savvy 
searchers  

• Confident, experienced and 
positive about switching 
energy supplier  

• Accustomed to comparing 
prices across multiple 
internet sites and finding the 
best deal  

• I would probably switch 
because it’s something that I do 
anyway … I would look for a 
hydrogen supplier … I would 
look for that compatibility and 
companies that work well 
alongside each other. I would 
be looking for something to 
simplify everything as much as 
possible, but also to be 
affordable as well, and to make 
things easier (FG6:2). 

Market 
sceptics  

• Very low trust in energy 
companies  

• Limited engagement in the 
energy market and low 
confidence compared to 
other markets  

• I think it would be quite good 
for some new companies to 
come into the utilities space 
because at the moment and 
previously, the current 
companies, the likes of British 
Gas and E.ON have quite a bad 
reputation. So, it might just 
shake it up a bit if some new 
providers come in (FG4:1) 

Hassle haters  • Easily deterred by the 
perceived time, hassle and 
risks involved in switching 
supplier  

• Partially engaged in the energy 
market and broadly trusting of 
suppliers  

• I would stick to whoever I was 
with to avoid a double 
disruption (FG7:4). 

Anxious 
avoiders  

• Low engagement in the 
energy market and limited 
ability to switch supplier  

• Unlikely to allocate time 
towards seeking a better deal 

N/Aa  

a Based on recorded responses, this study failed to identify a participant 
characterised as an ‘anxious avoider’, however this perspective may have been 
present among the wider sample. 
Source: Authors’ design based on [164]. 
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“It’s purely based on cost more than anything, so the risks to the com
munity are financial … we live in an area of high social deprivation, so if it 
cost anybody anymore, then it will just be a no-go” (FG9:2). 

Based on experience working in the retrofit market, a participant 
from Teesside (Middlesbrough), highlighted the risk of “potential nega
tivity that could come from a lack of community engagement and buy-in,” 
associated with “the failure of the Green Deal” (FG8:3) and related 
policies: 

“When I say the failure, I’m not talking about the finance. I’m talking 
about the installation and accreditation of those installers and the 
phoenixing of companies that come and go. It’s had particularly detri
mental effects on lower- income families around the country. There’s been 
unintended consequences of wall insulation which has actually made 
properties much worse” (FG8:3). 

Supporting this assessment, studies have documented the in
adequacies of the Green Deal [325], which failed to improve insulation 
standards and building performance [326] following a lack of building 
regulations [327]. It was suggested that more information should be 
made available to the public, alongside “meaningful engagement to get to 

an understanding of what people want and what they fear, and how they can 
overcome it” (FG8:3). As a result, the same participant remained sceptical 
about the foundations of UK’s industrial strategy: 

“I think part of the economic system in this country is we need to see 
growth in industry, so we’ll fund something and create jobs, but the 
overall impact is more likely to be detrimental than productive” (FG8:3). 

This account highlights the importance of both community accep
tance and distributional justice, especially in areas with a history of 
social deprivation such as Teesside [328,329]. 

In most cases, other risks to the local community related to changes 
to local infrastructure and associated disruptive impacts were viewed to 
be negligible. Participants framed these impacts in terms of increased 
traffic, noise, and disruption to reliable energy supplies. One respondent 
(FG2:3) contextualised their answer by citing recent experiences with 
the changeover to fibre optic internet [330,331], but ultimately viewed 
the hydrogen switchover as a less disruptive proposition at street level. 
Instead, risk factors were framed in terms of trust and credibility: 

“The risks are the inconvenience of the roads being dug up and all that 
stuff. I don’t see risks, but I see that it’s always outsourced to the cheapest 

Fig. 12. Factors influencing consumer engagement with energy suppliers.  

Fig. 13. Factors influencing the potential uptake of hydrogen homes appliances.  
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bidder, so it has to be done by a company that’s reputable and account
able. When they say two weeks, it managed properly and doesn’t take 
four months” (FG2:3). 

On this theme, one participant mentioned the potential for 
“geographical upheaval” in terms of “digging up roads,” but downplayed 
these risks off by declaring, “… let’s face it, the road network is already so 
abominable, a few extra trenches aren’t going to make much more of a dif
ference!” (FG9:2). 

Two participants also shared divergent accounts of infrastructural 
change in Wales, reinforcing the importance of place attachment and 
local context [332–335]. Notably, one respondent provided a somewhat 
cautionary tale based on their experience in the north: “I remember living 
on an estate where gas came to the area for the first time, but the level of 
disruption to the road and network, and the amount of traffic and roadworks, 
that was going on went on for six to nine months” (FG5:3). By contrast, a 
retired tradesperson from South Wales trusted in the governance pro
cess: “The infrastructure doesn’t worry me in anyway. It’s going to be highly 
regulated and safe. It’s always been that way down in Pembrokeshire. I see it 
will be well-governed with all the laws” (FG4:2). Another participant 
shared this viewpoint, explaining how “… with the regulation and 
governance, they’re not going to take any risks on this, so from a health and 
safety perspective it should all be covered” (FG4:1). Such perspectives have 
been echoed in several studies [162,163,185,186], with evidence sug
gesting that public trust in regulation reduces concerns over hydrogen 
safety risks [73]. 

5.8. Perceptions of spatial dynamics and energy justice 

Following information provision regarding the spatial dynamics of 
the hydrogen transition, participants were asked follow-up questions 
concerning choice and fairness. The discussion aimed to gauge consumer 
attitudes towards three key aspects: (1) geographical inclusion or 
exclusion in the early phases of the domestic hydrogen transition; (2) 
related equity implications, such as whether consumers should have a 
choice about adopting hydrogen appliances following a unilateral con
version of their gas network; and (3) whether they would be willing to 
pay for the costs of the transition if excluded as end-users. 

At the outset, several participants asked for clarification about why 
specific areas and sites are being selected for demonstration projects of 
trials [336,337], or otherwise considered as potential candidate towns 
or cities for hydrogen homes [75]. These queries linked to a consensus 
that more information is needed about alternative low-carbon energy 
technologies and decarbonisation pathways. Consequently, in some in
stances, the emerging spatial dynamics of the domestic hydrogen tran
sition – targeted primarily for the industrial north [75] – led to 
somewhat polarising responses. A minority of respondents, typically 
from the South of England, expressed concern over the concentration of 
hydrogen activities around industrial clusters and potential exclusion, 
with some calling for more action to curb the carbon footprint of 
London. 

Objections of this nature highlight the potential difficulty of satis
fying both southern and northern parts of the UK population, at least in 
the early stages of a potential transition to domestic hydrogen , which is 
partially reflected by statements in Table 5. Furthermore, references to 
the environmental benefits of hydrogen remained predominantly urban- 
centric, although one respondent form Ipswich (FG4:3) also acknowl
edged the plight of rural areas. Such perspectives illustrate the potential 
nuance of public perceptions, which may prove counterintuitive to the 
expectations of policy makers: envisioning hydrogen as a mechanism for 
regional regeneration to support the UK’s post-Covid economic recovery 
[50,51,338]. 

Despite a mix of concern and confusion, the advent of hydrogen 

clusters drew a broadly positive reception based on the premise of in
dustrial reinvigoration [51]. In total, 17 references34 were made to one 
of six perspectives (see Fig. 14), with more than half of responses 
favouring deployment for the industrial north (N = 9), contrasted 
against deployment for London and the Southeast (N = 4). Respondents 
believed the launch of hydrogen homes “should be selective” (FG6:2) and 
“logical” (FG9:2), with one participant acknowledging the viability of 

Table 5 
Consumer perceptions of the spatial dynamics associated with hydrogen homes.  

Location Illustrative statements 

Marston Moretaine, East of 
England (originally from 
London)  

• They should start with the places that are the 
worst polluters. Rather than starting off with 
London who always get everything, start with 
Humberside and Manchester and places that 
are industrial (FG2:3). 

Marston Moretaine, East of 
England  

• By starting in the north, you’re then reducing 
the entire country’s footprint by tackling the 
worst polluters (FG2:5). 

Pembrokeshire, South Wales  • I don’t know if it would be feasible to get all the 
infrastructure down to us. I can understand it 
being in a big city, but where I live in a rural 
area … is it cost feasible to do it? (FG4:2). 

Ipswich, East of England  • Big cities need something for the emissions … 
but our countrysides need the help as well 
(FG4:3). 

Manchester, Northwest England  • Think about the balance of the population … 
they talk about bringing the cost down as its 
rolled out, but if it’s not available down in the 
southeast or other major urban areas, then I 
can’t see how that cost is going to be alleviated 
for people (FG5:1). 

Chester, Northwest England  • It makes sense to have those sort of [hydrogen] 
hubs because the north is known to be a lot more 
industrial anyway … a great way to make 
homes and businesses in industrial towns more 
energy efficient (FG6:2). 

Manchester, Northwest England  • It’s fairer that certain places have it and others 
don’t, and it’s also good for leisure places 
because of the pandemic … to bring more 
tourism into a particular town … the 
community could thrive form that and the 
economy would probably pick up there 
(FG6:3). 

Falkirk, Central Scotland  • It makes sense that hydrogen hubs and homes 
are concentrated in areas of industrial 
activities, and I suppose the normal criticism is 
that it’s always London and the Southeast that 
gets all the investment and everything is first 
there, so maybe this is part of the levelling-up 
(FG7:6). 

Marston Moretaine, East of 
England  

• What about down south? It’s all up north and 
I’m only really involved in my local areas 
(FG8:6). 

Lincolnshire, East Midlands  • It seems logical to have your storage facilities in 
industrial estates like they were historically in 
the 1990s before they were decommissioned 
(FG9:2). 

Flint, Northeast Wales  • It should be used in the locations highlighted 
rather than being launched as a nationwide 
project because it will be easier to control and 
maintain in just a few locations at first. I believe 
it can go through a test run in these locations to 
determine if it can go nationwide (FG9:6). 

East London  • London should be on the list and the top priority 
because of all the carbon emissions and 
urbanisation (FG10:2). 

Isle of Wight  • I think it’s better to roll it out through the whole 
of the UK and not only certain regions because 
there might be those down South that do want to 
have this. But there’s nothing there from the 
map at the moment, so there should be more 
fairness there (FG10:3).  

34 One participant (FG5:5) held a dual perspective on this aspect. 
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roll-out strategy, despite personal reservations about early adoption: 

“It’s a good thing … looking to implement it area- by-area. In due course 
by 2035, everyone will have changed over to something. I’m just a bit 
reluctant to be the first one to try it out … And I would want it to be 
around for a few years before I got involved in it. I wouldn’t want to be the 
first to try it out and then regret that decision” (FG10:3). 

Reluctance and risk aversion towards adopting new technologies is 
critical factor of social acceptance, with evidence from Ofgem suggest
ing UK consumers are more accepting of a familiar or established option 
[159]. 

Regarding choice dynamics related to the hydrogen switchover, 21 
references were made across the sample corresponding to four per
spectives, namely, recognising a ‘choice deficit’ (N = 2), being ‘choice 
agnostic’ (N = 3) or ‘pro-choice’ (N = 10), and finally, arguing that there 
is ‘no room for choice’ (N = 6). While close to half of the comments were 
in favour of choice (see Fig. 15), some respondents were adamant that 
the switchover should be mandated due to the pressing need to decar
bonise [339,340] and the nature of large-scale energy transitions [311, 
341,342]: “Did they have a choice when town gas was switched off? No, 

you’ve got to do it. It’s an entire municipal engineering project. There’s no 
room for choice, it just needs to happen” (FG9:2). 

Speaking from direct experience, another participant mirrored this 
perspective, “… we went from coal gas to natural gas. Would it make any 
difference if we moved to hydrogen? There was no choice at the time and 
there no charge” (FG1:4). However, this viewpoint sometimes came into 
conflict, as reflected in the following perspective: 

“I’m in two minds about it. I feel like we should not have a choice because 
we need to make this change. But on the other hand, the price is going to 
affect us as individuals, so we do need that choice” (FG10:4). 

Representing the pro-choice camp, one respondent argued in favour 
of deeper levels of consumer engagement to support social acceptance, 
while cautioning against the risk of exacerbating the North-South divide 
[343,344] by compromising the levelling-up agenda [338,345]: 

“If everyone has a choice though, the more people that can buy into it 
psychologically and emotionally … giving the personal choice is impor
tant. I think everyone should have it free or equally, otherwise you have 
the same issue with the North-South divide. It’s all about levelling up and 
you can’t do that if some places don’t enjoy the benefit” (FG2:3). 

Fig. 14. Consumer perceptions of potential locations for hydrogen homes.  

Fig. 15. Consumer perceptions of choice and equity implications.  
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In many cases, comments on choice dynamics flowed into detailed 
discussion about equity implications, with the themes of distributional 
(N = 23), procedural (N = 15), and recognition injustice (N = 6) 
emerging within most focus groups. As depicted in Fig. 15, references to 
distributional injustice were twice as frequent as other energy justice 
aspects, with several insights offered: 

“You don’t want cheaper energy for one part of the country for a long time 
and other people getting left behind. Maybe you could share out the wealth 
somehow. If one area is getting cheaper, you could still pass on the savings 
to other parts of the country” (FG3:3). 

Another respondent highlighted the risk of public resistance and 
potential backlash: 

“You can imagine the uproar if they announce that it’s only being offered 
to certain parts of the country due to the exclusion. If they are trying to 
convince people that it’s a good thing … then everyone will want to be 
included, which doesn’t sound like it’s possible” (FG7:6). 

Framing things from a similar standpoint, one participant worried 
about higher costs for early adopters and the risk associated with 
“penalising a certain area who are moving over first” (FG9:1). Moreover, the 
following critical perspective was supported across parts of the sample: 

“If there’s no chance whatsoever that we are going to benefit from it, why 
should we pay for it? If the long-term plan is that most of Britain is going 
to have it, then great, pay for it now through our taxes. But if there are lots 
of areas that are never going to get it, why should they pay for it then?” 
(FG4:2). 

Specifically, consumers facing fuel poverty pressures expressed the 
highest level of concern over distributional injustice (N = 9; 39.1 %) and 
energy injustice in general (N = 14, 31.8 %), followed by citizens 
engaged in environmental issues (N = 13, 29.5 %)., who also expressed 
most concerns over procedural injustice (N = 5; 33.3 %). This result 
suggests alignment between parts of the population most concerned 
about energy injustice and climate injustice, respectively. Given the 
frequency and intensity of comments on this theme (see Supplementary 
Note 8), it is evident that community acceptance could hinge on how 
choice architectures [346,347] influence the emerging spatial dynamics, 
logistics, and equity implications of the transition. 

5.9. Perceptions of individual risks and energy vulnerabilities 

Following the discussion on community wide impacts and potential 
disruptions at street level, participants considered their tolerance level 
for being temporarily disconnected from the gas grid during the 
hydrogen switchover (see Supplementary Note 9). Fig. 16 shows that the 
highest frequency of responses included 1–2 days (N = 4), 2 days (N =
4), and 2–3 days disconnection (N = 5), while less than 1 day (N = 2) and 
up to 1 week (N = 1) emerged as notable outliers among responses (N =
23).35 Additionally, one respondent offered a unique perspective which 
circumvented a direct answer and reflected grievances with their cur
rent gas connection, “I’m willing to be disconnected for how long I need to 
for the purpose of the improvement of the service” (FG9:8). 

Speaking from direct experience, one participant explained the 
contingencies involved with short-term disruption: 

“The disconnection aspect depends on the month of the year. I went three 
days with a gas boiler last January and that’s plenty. I wouldn’t want to 
repeat that, and I have a log burner so it could have been worse. At least 
we had one room that was warm in the house” (FG1:1). 

Acknowledging that tolerance thresholds would depend on the 

season, respondents agreed that the switchover must be scheduled for 
the summertime, as it not only “makes the most rational sense” (FG10:4), 
but may help circumvent negative impacts: “… during the summer, you 
would feel it less and that’s important and a lot better for vulnerable and 
elderly people and those with disabilities … you need to consider everyone 
here” (FG10:3). 

Supporting research findings [72,78,163,185], several participants 
expressed additional concerns over impacts on vulnerable individuals 
and households during the hydrogen switchover. One respondent 
underlined how “you have to take into account people with health problems, 
” while another explained that their mother “has the heating on every 
single day of the year, so you’ve got to look at people that are old and 
vulnerable as well” (FG9:1). Consequently, tolerance levels were tied to 
personal circumstances such as household demographics and ability to 
cope with the disruption. 

Reflecting on their recent experience of showering at the gym for 
“about four days in summer” due to a gas leak, one participant shared 
their view in detail: 

“The disconnection period depends on people’s circumstances. If you’ve 
got a family with young children … but you might have someone who can 
go stay somewhere else for the week … but it’s an individual thing really. 
Some people can deal better with it, but others like the elderly, handi
capped or people with children won’t be able to” (FG7:1). 

Respondents further suggested how showers could be taken at other 
places, such as the local swimming pool (FG5:4), or a nearby hotel, if 
necessary (FG9:1), or preferably at a friend’s house (FG3:3). 

In addition to scheduling for the summer months and accounting for 
energy vulnerabilities, participants relayed the need for information 
provision, communication, and planning to help minimise the length 
and extent of the disruption, which should be delivered responsibly by 
involved parties: “… so if they say for example that you’re going to be off for 
three days, then it would have to take that, not you’re going to be discon
nected for another week … that would be the crunch really” (FG1:3). 
Consequently, some specific mitigating measures were proposed to help 
manage the disruptive impacts of the switchover, as discussed in 
Table 6. Additionally, some respondents elaborated on their willingness 
to tolerate home visits from engineers and technicians during the 
switchover, which implied disruption for up to a few days would be 
tolerable in most situations, as evidenced within Table 7. 

5.10. Inferences from multigroup analysis 

To complete this part of the analysis and consolidate the empirical 
contribution, five metrics are compared at the sub-group level to derive 
comparative insights on social acceptance. Fig. 17 integrates two mea
sures of public trust in the government (low and partial), two measures 
of market acceptance (higher costs and cost parity for appliance pur
chase), and a combined measured of energy justice (distributional, 
procedural, and recognition) to assess at-risk dimensions in relation to 
consumer segments. Cost parity, and to a lesser degree partial trust, are 
included to account for more neutral perspectives which could poten
tially undermine social acceptance, alongside overtly negative factors. 
Additionally, the inclusion of these two metrics increases the total 
number of measured factors by over 20 % (N = 61 to N = 74). 

The following patterns are detected which should be comprehen
sively evaluated in subsequent large-sample studies including cross- 
country analyses. Respondents living in fuel poverty or facing high 
levels of fuel stress, together with participants living in an industrial 
town, present the highest mean score across the five metrics (M = 1.8), 
followed by citizens engaged with environmental issues (M = 1.4), and 
those with strong interest in RE energy and joining a RE community (M 
= 1.2). Consistent with the notion of a control group, the baseline group 
ranks below these segments (M = 1.0), but above owners of solar PV and 
smart home technologies (M = 0.8), as well as consumers with moderate 
interest in RE and joining a RE community (M = 0.4). While these 

35 This metric was evaluated at the sample level as tolerance levels are 
considered to be more associated with socio-demographic variables as opposed 
to various consumer segments. 
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findings can be considered exploratory due to the limited sample size, 
the results reflect the prevalence of fuel poverty in northern regions of 
the UK, which speaks to the issue of the North-South divide. Conse
quently, the most at-risk segments for accepting the transition to 
hydrogen homes may correspond to consumers who are untrustworthy, 
price pessimistic, and despondent about prospects for energy justice. 

6. Critical insights on acceptance dynamics 

6.1. Trust deficit recovery 

This analysis highlights the extent to which socio-political accep
tance is currently hampered by a trust deficit in the government and 
further stifled by a lack of confidence in energy suppliers, which for 
some parts of society equates to pervasive criticism and underlying 
scepticism. At present, trust in these actors remains weak, if not eroded, 
across many parts of society, following the COVID-19 pandemic and due 
to the current cost-of-living crisis [348]. Several focus group re
spondents attested to this reality, while some held out more optimism 
for positive change, or were otherwise more insulated from 
socio-economic shocks. More encouragingly, trust in stakeholders such 
as Ofgem, trade bodies, non-governmental organisations, and research 
institutes appeared comparatively higher. While divergent perspectives 
may prevail due to socio-economic and socio-psychological factors, 
there is a mounting need to address undesirable trust and power dy
namics, which continue to subvert the energy transition agenda and 
potential for a ‘just hydrogen economy’ [349]. 

In turn, socio-political acceptance is highly sensitive to the actions of 
the government and energy companies, which may be dictated by 
foreign affairs. For example, it remains to be seen how the ongoing 
Russia-Ukraine conflict [31,32] will impact socio-economic conditions 
and political stability within the UK. Additionally, unpredictable exog
enous shocks such as extreme weather events [350–352] 36 can signif
icantly impact socio-political acceptance over the short-term, contingent 
upon the reactions of government, industry, business, and media 
representatives. 

Implementing ‘hydrogen justice’ [353] will require mitigating “the 
dangers of energy politics” [354], through long-term commitment and 
observable action towards overturning a legacy of failed energy policies 
[326,355]. Citizens seek fairness from both the public and private sector 
when it comes to enacting heat decarbonisation and related net-zero 
measures, which calls for tangible action across the two main pillars 
of energy justice [241]. Foremost, principles of fairness and equity – 
aligned to enacting procedural and distributional justice – should be 
upheld to foster recognition and restorative justice [239,356,357], 
especially across industrial heartlands of the UK [114]. 

In response, corruptive practices, including the subversive aspects of 

Fig. 16. Tolerance limits for temporary disconnection form the gas grid.  

Table 6 
Proposed mitigation measures for minimising disruptive impacts and risks.  

Participant Illustrative statements 

FG1:5  • Sufficient warning to either go stay with somebody or to make other 
arrangements … as long as it was only for a few days maximum because 
it would indeed be very disruptive to your day-to-day life 

FG4:1  • I think communication is key. If you can plan for these things … and 
prepare for it … but I think when it’s just landed on you short notice, then 
it’s more challenging. So, I think the positioning and communication 
would be key for this 

FG5:5  • They should better inform people about how they can get by without the 
gas boiler or cooker for a few days during the switchover, with guides 
about how to get by, so they can see the best way to manage without gas 
for say two days 

FG9:1  • I think they do put people who are vulnerable on a certain register, so they 
are better taken care of during disruptions, but, yes, we need more 
reassurance about this 

FG9:2  • Those things [i.e. disruption or burden to energy vulnerable households 
and others] could be mitigated by surveying different households to see 
how it would impact them  

Table 7 
Attitudes towards engineers and technicians visiting the home.  

Participant Illustrative statements 

FG3:1  • It’s no problem for gas engineers and technicians to enter the home, as far 
as I’m concerned. 

FG3:3  • It depends on how long they are in the home for, before it becomes a bit 
intrusive. 

FG4:1  • I think if they say they’re going to need to come in between three to five 
times, but if it’s ten times, it’s going to get excessive. So, I think it’s all 
about positioning and having the workers trained so they minimise mess 
… I think it would be tolerable. 

FG4:2  • I’m willing to tolerate visits from engineers and technicians until the job is 
done, as long as its not messy and they tidy afterwards. They’ve all got 
jobs to do, and we’ve all got to make a living. So yeah, I’d be tolerant and 
… quite happy to put up with a bit of mess and nose to make it more 
sustainable for the future. 

FG6:1  • As long as the engineers aren’t coming for days and days. You don’t mind 
some disruption if it’s the odd day. Will they be digging up the roads?  

36 Notably, two of the focus groups coincided with Storm Eunice (February 
14–19, 2022) [351]. 
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lobbying, should be rooted out in favour of empowering independent 
statutory bodies, such Ofgem and the Committee on Climate Change 
(CCC), and prioritising public consultation processes aligned to trans
parency and inclusiveness (i.e. procedural justice). In tandem, policy 
makers and stakeholders should support the equitable distribution of 
costs, benefits, and risks when it comes to enacting the hydrogen 
switchover and wider decarbonisation agenda, which calls for decisive 
action on reforming the energy sector (i.e. distributional justice). While 
the notion of ‘deficit recovery’ is typically applied to discussions of a 
financial nature [358], the proliferation of global trust deficits across 
multiple economic sectors [359–361] marks the urgency for a strategic 
plan to rebuild a foundational level of public trust in the government and 
energy industry. 

6.2. Price pledges, market competition and consumer choice 

Willingness to pay for hydrogen appliances, and by proxy market 
acceptance, depends on the interplay between purchasing and running 
costs. However, the former would likely present more of an immediate 
barrier to consumer uptake, should boiler manufacturers fail to deliver 
on their current price promise [105]. At present, hydrogen boilers are 
anticipated to cost less than heat pumps, at least during the initial stages 
of the transition. While gas-heating may prove a less capital-intensive 
investment compared to heat pumps, it is apparent that most con
sumers would resist any price hike, even if hydrogen succeeded in 
delivering green energy. As a result, there was an underlying consensus 
that financial security is a stronger motivational driver than perceived 
environmental benefits. 

Given that respondents were not briefed about the recent price 
promise of boiler manufacturers [105], attitudes towards potential 
hydrogen adoption proved somewhat positive. There was expectation 
that hydrogen appliances would not cost much more than current gas 
appliances, at least for boilers specifically. Should the price promise be 
delivered, there could be limited grounds for consumer resistance to
wards investing in a hydrogen boiler; provided there is no obligation to 
replace a relatively new or well-functioning boiler prematurely, and so 
long as alternatives such as heat pumps remain somewhat less price 
competitive. 

For owners of relatively new appliances, as well as consumers facing 
economic hardship, motivating a switch to hydrogen homes would call 
for a tangible financial incentive, in addition to securing the current 
price promise. Consequently, the risk of further increases to energy bills 
is a significant barrier to deploying hydrogen homes, which could 

undermine the wider ‘Gas Goes Green’ campaign [362,363]. However, 
respondents had a lower expectancy that energy bills would increase 
further if hydrogen were to replace natural gas, whereas appliance 
purchase was not expected to be cheaper for the most part. Over both the 
short- and long-term, consumers would need strong assurance that do
mestic hydrogen adoption would not incur economic losses or impose 
undue financial risks. 

Should cost factors align to expectations, market acceptance will still 
rest on other aspects of energy markets, namely, the role of suppliers, 
manufacturers, and retailers. Consumers are wary of the business 
models and profit motives that drive adverse and irresponsible decision- 
making; calling for a competitive market environment where both in
cumbents and new hydrogen-specific suppliers would compete for 
modest market shares. While the state of the energy market has left 
consumers with little sense of loyalty, evidence suggests that repeat 
subscription is plausible so long as reputation, reliability, quality, and 
customer service remain intact [164,204]. However, consumers are 
quickly inclined to seek a better deal when one of these characteristics 
begins to falter. 

Mirroring perspectives on energy suppliers, consumers caution 
against the negative impacts of monopolistic or oligopolistic markets, 
citing the need for competition and product diversity. Choice is seen as a 
driver of better product quality and more reliable supply chains, which 
can help protect customers from limited market access to maintenance 
and repair services. Compared to energy suppliers, brand name, recog
nition, and reputation have a stronger influence on decision-making, 
however, consumers likewise value affordability and reliability, as 
well as security in the form of a long-term warrantee. 

Overall, consumers appear somewhat open to the idea of switching 
to hydrogen; provided there is a future ‘price pledge’ of some description 
on energy bills, which would help support more transparent decision- 
making on appliance purchase. Although general attitudes towards a 
prospective market for hydrogen appliances appear mostly positive, this 
acceptance dimension remains constrained by high levels of dissatis
faction with energy suppliers regarding factors such as cost, reliability, 
and customer service, which deepen existing trust deficits. 

6.3. Hydrogen legitimacy and levelling-up 

Community acceptance will hinge on how environmental, social, and 
economic benefits are communicated and delivered, both to hydrogen 
and non-hydrogen users. Broadly, there is a sense of support for 
deploying hydrogen homes across industrial areas as part of the 

Fig. 17. Potential social resistance to hydrogen homes across consumer sub-groups.  
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levelling-up agenda. While respondents may be somewhat unfamiliar 
with the concept of reinhabiting fossil fuel sites [237], this approach 
may gain public approval in line with the premise of industrial rein
vigoration. Reflecting economic opportunities outlined in the UK 
Hydrogen Strategy [29], industrial regeneration is more likely to gain 
public support when retraining and upskilling are delivered to support 
high-quality jobs for local communities. However, even when economic 
benefits are anticipated, community engagement and information 
campaigns remain critical to securing local acceptance. 

This study suggests parts of the population may also question the 
legitimacy of the UK’s industrial strategy as a driver of socio-economic 
benefits. To counteract social resistance, policy makers will need to 
clearly communicate and justify the emerging spatial dynamics of the 
prospective transition to hydrogen homes. At present, London and the 
Southeast, as well as rural areas, are less prioritised in the current heat 
decarbonisation agenda, at least in respect to hydrogen, which may 
trigger social resistance due to perceptions of exclusionary policy 
making. 

In view of spatial dynamics and equity implications, government and 
key stakeholders should aim to leverage prospects for socially accept
able decarbonisation pathways through two key pillars: (1) increasing 
the social acceptability of hydrogen homes in locations where techno- 
economic feasibility can be established; and (2) communicating low- 
carbon alternatives such as heat pumps and district heat networks for 
locations where hydrogen proves less suitable or unfeasible, in line with 
the Heat and Buildings Strategy [101]. In terms of the first pillar, the 
logistical barriers of the switchover were recognised within this study, as 
demonstrated when discussing choice dynamics, “I understand people’s 
preference for choice, but a lot of the population wouldn’t switch without a 
nudge, and the infrastructure needs to be there before a choice can even be 
offered” (FG8:7). Without delivering on the second pillar, as also re
flected by several comments within this study, deploying domestic 
hydrogen may otherwise risk perverse impacts in terms of aligning with 
the levelling-up and ‘leave no one behind’ agendas [364,365]. 

6.4. Safeguarding against energy vulnerabilities and minimising 
disruption 

Based on a review of the available literature Gordon et al. [73] 
concluded that the disruptive impacts of the switchover rank as a ‘major’ 
barrier to domestic hydrogen acceptance at both the community and 
household level. However, this study emphasises that disruptive impacts 
at the community-level are viewed to be less of a concern than the 
short-term impacts to households, following temporary disconnection 
from the gas grid. From an overall health and safety perspective, re
spondents appear relatively confident that adequate regulatory and 
governance measures will be taken during the switchover period to 
safeguard against unnecessary disruptions at street level and undue 
risks. 

There is a consensus that disconnection should be capped at a 
maximum of three days and preferably kept to less than two days. By 
contrast, tolerance limits appear somewhat higher and more flexible 
when considering visits to the home from gas engineers and technicians. 
This divergence reflects the clear distinction between short-term 
disconnection from the gas grid compared to intermittent disruptions 
of a human nature. The first scenario may exacerbate energy vulnera
bilities and cause direct harm, even if the switchover is carried out 
during the summer months, while the second situation is primarily 
associated with minor inconvenience. Respondents appear highly cog
nisant of this reality, stressing the need to ensure adequate provisions for 
vulnerable households to minimise negative social and health impacts. 
Furthermore, the results highlight the potential benefits of consumer 
engagement on this specific topic, since focus group participants 
demonstrated a pro-active attitude towards mitigating the impacts of 
temporary disconnection. 

7. Conclusions 

This study makes a timely contribution to the discourse on social 
acceptance for emerging energy technologies, contextualised to the case 
of domestic hydrogen in the UK. Although this analysis focuses on a 
specific country case, the findings have international relevance to other 
nations seeking to transition to green gas for home heating, and possibly 
cooking, such as the Netherlands, Germany, and Australia. Reflecting 
the largely global trust deficit in governmental institutions and the en
ergy sector, comments from UK focus group participants are partly 
generalisable to other populations, such as European neighbours facing 
energy insecurity following the Russia-Ukraine conflict. Furthermore, 
through an integrated, mixed-methods multigroup analysis, this 
research provides a more nuanced understanding of consumer prefer
ences, which may be analysed in subsequent international studies to 
elucidate cross-cultural findings on energy acceptance. 

This analysis provides insights into aspects of socio-political, market, 
community, and household acceptance related to hydrogen homes, as 
gauged from the perspective of different consumer groups. The findings 
reinforce that socio-political and market acceptance are strongly inter
linked dimensions of domestic hydrogen acceptance [75]. Principally, 
persistent consumer dissatisfaction with energy suppliers has eroded the 
foundations of trust in government and the energy industry for much of 
society. The profiteering of energy companies against often vulnerable 
consumers presents a major challenge to changing the status quo, which 
is aided little by elements of deep mistrust in the central government. 
Consequently, measures to reform energy markets may prove invaluable 
to reversing the trend of dissatisfaction with suppliers and establishing 
the conditions for deploying hydrogen homes in the future. 

Synthesising the findings, socio-political acceptance appears the 
most at-risk dimension, whereas community acceptance is compara
tively stronger; following general support for the deployment of 
hydrogen homes around industrial clusters, which may act as a socio- 
economic stimulus for local communities. At the community level, 
consumers perceive hydrogen to offer a somewhat positive vision for the 
future, while the prospect of linking residential heat decarbonisation to 
industrial strategy is generally accepted. Evidence also suggests that 
disruptive impacts are perceived to be tolerable at the community-level 
and moreover, at the household-level. However, significant un
certainties remain over implementing distributional justice, which en
tails important implications for deploying hydrogen homes, as reflected 
by recent events in Whitby village and ongoing developments in Redcar 
(Northeast England). 

There is significant scope to build nationwide acceptance for the low- 
carbon transition by better communicating the role of green gases and 
electrification in a net-zero future, so that households can engage more 
meaningfully as active decision-makers with informed views. Conse
quently, there are clear opportunities for local actors and stakeholders to 
engage with driving the residential energy transition as knowledge 
brokers, which would likely yield a positive multiplier effect on com
munity acceptance and trust. Furthermore, it is evident that consumers 
will require the hydrogen actor-network to enact commitments towards 
delivering choice, fairness, and equity. This responsibility includes ful
filling, if not bettering, the current price promise while also endorsing a 
price pledge on energy costs. In parallel, social acceptance will hinge on 
how consumers perceive hydrogen’s alignment towards alleviating en
ergy poverty and improving the environment. 

By extending the evidence base, this study offers strategic insights to 
support more reflexive decision-making on the role of hydrogen in the 
energy transition. By analysing patterns in qualitative data, the research 
identifies causal mechanisms behind social resistance, which should be 
mitigated to facilitate domestic hydrogen acceptance. Stakeholders can 
internalise findings from this analysis to leverage potential synergies 
between social acceptance dimensions, for example by strengthening 
public trust to improve perceptions of energy justice and corresponding 
support for hydrogen at the community-level. Additionally, the results 
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highlight the need to account for consumer heterogeneity in residential 
decarbonisation pathways, which can be realised by integrating place- 
specific policies and segment-specific strategies. 

This study is the first to operationalise qualitative data from online 
focus groups into a comprehensive mixed-methods analysis on 
hydrogen, which integrates both a quantitative and comparative focus. 
However, until validated by subsequent large-sample survey studies 
grounded in rigorous statistical analyses, the descriptive results of this 
small-sample study should be considered as exploratory inferences. 
Despite some limitations, the richness of qualitative evidence and pat
terns identified within the quantified data consolidate the importance of 
several acceptance factors and underscore the relevance of consumer 
heterogeneity. Ultimately, realising visions for domestic hydrogen fu
tures calls for both techno-economic feasibility and social acceptability, 
wherein public trust in the government, consumer confidence in energy 
markets, and community-wide belief in the potential for energy justice 
are critical components of a prospective transition to hydrogen homes. 
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref386)>>
endobj
2085 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/government/publications/leaving-no-one-behind-our-promise/,DanaInfo=www.gov.uk,SSL+leaving-no-one-behind-our-promise)>>
endobj
1194 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref109)>>
endobj
1356 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref154)>>
endobj
1437 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/publication/fuelling-the-future/,DanaInfo=policyexchange.org.uk,SSL+)>>
endobj
1879 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref303)>>
endobj
1798 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref280)>>
endobj
1200 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref111)>>
endobj
1821 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref287)>>
endobj
1740 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/features/h21-the-story-so-far/,DanaInfo=www.thechemicalengineer.com,SSL+)>>
endobj
1804 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref282)>>
endobj
1480 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/articles/,DanaInfo=think.ing.com,SSL+hold-1of4-high-gas-prices-triples-the-cost-of-hydrogen-production)>>
endobj
1544 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref209)>>
endobj
2094 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/dmsdocument/,DanaInfo=www.mbie.govt.nz,SSL+6798-a-vision-for-hydrogen-in-new-zealand-green-paper)>>
endobj
1527 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/publications/,DanaInfo=www.ofgem.gov.uk,SSL+state-energy-market-2017)>>
endobj
2077 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/publications/,DanaInfo=www.energynetworks.org,SSL+gas-goes-green-zero-carbon-commitment-may-2020)>>
endobj
1429 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref176)>>
endobj
1986 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref334)>>
endobj
900 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref31)>>
endobj
802 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref2)>>
endobj
1111 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref87)>>
endobj
984 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/government/publications/the-uk-as-a-science-and-technology-superpower/,DanaInfo=www.gov.uk,SSL+the-uk-as-a-science-and-technology-superpower-accessible-html-version-of-letter)>>
endobj
886 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref28)>>
endobj
1570 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref216)>>
endobj
1715 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref257)>>
endobj
1391 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/publications/,DanaInfo=www.ofgem.gov.uk,SSL+consumer-survey-2020-update-consumer-engagement-energy)>>
endobj
1293 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref138)>>
endobj
1374 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/publications/,DanaInfo=www.ofgem.gov.uk,SSL+ofgem-consumer-first-panel-consumer-attitudes-towards-decarbonisation-and-net-zero)>>
endobj
1276 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/2022/07/11/analysts-set-winter-price-cap-estimates-again-on-fire/,DanaInfo=www.energylivenews.com,SSL+)>>
endobj
1097 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref83)>>
endobj
1259 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref128)>>
endobj
1978 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/,DanaInfo=citeseerx.ist.psu.edu,SSL+document?repid=rep1&amp;type=pdf&amp;doi=8d23c43b8af92fc8a4a8668b5cd4efc5a2e2391e)>>
endobj
1897 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref310)>>
endobj
895 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref30)>>
endobj
959 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref45)>>
endobj
1562 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/files/,DanaInfo=www.worcester-bosch.co.uk,SSL+Decarbonisation_Whitepaper.pdf?utm_source=facebook&amp;utm_medium=social&amp;utm_campaign=whitepaper)>>
endobj
2193 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref394)>>
endobj
1707 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref255)>>
endobj
2176 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref389)>>
endobj
1366 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref157)>>
endobj
1447 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/government/publications/,DanaInfo=www.gov.uk,SSL+hydrogen-production-costs-2021)>>
endobj
1609 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref226)>>
endobj
1349 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref152)>>
endobj
1089 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref81)>>
endobj
1889 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref307)>>
endobj
2101 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/en-us/participacion/paginas/,DanaInfo=energia.gob.es,SSL+detalleparticipacionpublica.aspx?k=337)>>
endobj
2003 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref339)>>
endobj
1031 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref65)>>
endobj
968 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref48)>>
endobj
1750 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/news/,DanaInfo=sgn.co.uk,SSL+h100-fife-ofgem-approved-world-first-hydrogen-heating-network)>>
endobj
1733 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/articles/online_resource/Domestic_hydrogen_acceptance_in_the_UK_Public_perceptions_of_energy_and_environmental_issues/,DanaInfo=cord.cranfield.ac.uk,SSL+21294873)>>
endobj
1490 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/uk/en/pages/consumer-business/articles/,DanaInfo=www2.deloitte.com,SSL+sustainable-consumer.html)>>
endobj
1652 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/research-briefings/sn05806/,DanaInfo=commonslibrary.parliament.uk,SSL+)>>
endobj
1473 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/sol3/,DanaInfo=papers.ssrn.com,SSL+papers.cfm?abstract_id=4024061)>>
endobj
1635 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/wp-content/uploads/2021/10/,DanaInfo=thamesestuary.org.uk,SSL+Thames-Estuary-Hydrogen-Route-Map-V1-Final.pdf)>>
endobj
2185 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref392)>>
endobj
1537 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/publications/,DanaInfo=www.ofgem.gov.uk,SSL+consumer-perceptions-energy-market-q4-2022)>>
endobj
1179 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/the-future-of-heating-in-the-uk-heat-pumps-or-hydrogen/,DanaInfo=energysavingtrust.org.uk,SSL+)>>
endobj
910 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref34)>>
endobj
812 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/sites/default/files/2020/09/,DanaInfo=www.rvo.nl,SSL+hydrogen_strategy.pdf)>>
endobj
2110 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/en/about-the-uae/strategies-initiatives-and-awards/strategies-plans-and-visions/environment-and-energy/,DanaInfo=u.ae,SSL+national-hydrogen-strategy)>>
endobj
1300 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/images/,DanaInfo=www.socialacceptance.ch+paper_ewec2010_iea_wind_task_28.pdf)>>
endobj
994 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref55)>>
endobj
1023 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref63)>>
endobj
1104 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref85)>>
endobj
977 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/government/publications/,DanaInfo=www.gov.uk,SSL+net-zero-strategy)>>
endobj
879 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref26)>>
endobj
798 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref1)>>
endobj
1921 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/guidance/,DanaInfo=www.gov.uk,SSL+check-if-you-may-be-eligible-for-the-boiler-upgrade-scheme-from-april-2022)>>
endobj
1840 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref292)>>
endobj
1661 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref241)>>
endobj
1644 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/government/publications/cluster-sequencing-phase-2-eligible-projects-power-ccus-hydrogen-and-icc/,DanaInfo=www.gov.uk,SSL+cluster-sequencing-phase-2-eligible-projects-power-ccus-hydrogen-and-icc)>>
endobj
1384 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/content/,DanaInfo=www.h2knowledgecentre.com,SSL+policypaper144)>>
endobj
1465 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/assets/2018/12/,DanaInfo=arena.gov.au,SSL+the-australian-publics-perception-of-hydrogen-for-energy.pdf)>>
endobj
1627 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/government/uploads/system/uploads/attachment_data/file/1147372/,DanaInfo=assets.publishing.service.gov.uk,SSL+2022_Provisional_emissions_statistics_report.pdf)>>
endobj
1286 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/government/news/,DanaInfo=www.gov.uk,SSL+hundreds-of-new-north-sea-oil-and-gas-licences-to-boost-british-energy-independence-and-grow-the-economy-31-july-2023)>>
endobj
1188 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/wp-content/uploads/2020/01/,DanaInfo=hydrogencouncil.com,SSL+Path-to-Hydrogen-Competitiveness_Full-Study-1.pdf)>>
endobj
1130 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref90)>>
endobj
1815 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref285)>>
endobj
1619 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref229)>>
endobj
2088 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/site/eng/9.894114/,DanaInfo=publications.gc.ca,SSL+publication.html)>>
endobj
1197 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref110)>>
endobj
1359 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref155)>>
endobj
1997 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/news-media/news/may-2022/,DanaInfo=cadentgas.com,SSL+ellesmere-port-homes-could-help-climate-crisis)>>
endobj
2013 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref342)>>
endobj
1203 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/media/6906/,DanaInfo=pgjonline.com,SSL+2020_european-hydrogen-backbone_report.pdf)>>
endobj
1007 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/policy/manipulation-misinformation-and-deceit-hydrogen-heating-trial-dropped-by-government-after-fierce-public-opposition/,DanaInfo=www.hydrogeninsight.com,SSL+2-1-1484109)>>
endobj
1905 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/government/consultations/,DanaInfo=www.gov.uk,SSL+review-of-electricity-market-arrangements)>>
endobj
1743 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/sites/default/files/docs/2019/11/,DanaInfo=www.ofgem.gov.uk,SSL+h21_nic_phase_2_full_submission_redacted.pdf)>>
endobj
1581 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref219)>>
endobj
1483 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/media/newsroom/news/2018/07/,DanaInfo=orsted.co.uk,SSL+new-survey-reveals-73-percent-of-uk-consumers-would-choose-retailers-that-use-renewable-energy)>>
endobj
2097 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/wp-content/uploads/2020/03/,DanaInfo=www.bdi.fr,SSL+PressKitProvisionalDraft-National-strategy-for-the-development-of-decarbonised-and-renewable-hydrogen-in-France.pdf)>>
endobj
4875 0 obj
<</S /URI /Type /Action /URI (mailto:n.ozkan@cranfield.ac.uk)>>
endobj
903 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/publications/,DanaInfo=www.niesr.ac.uk,SSL+economic-costs-russia-ukraine-conflict?type=policy-papers)>>
endobj
822 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/assets/gov/farming-natural-resources-and-industry/electricity-alternative-energy/electricity/bc-hydro-review/,DanaInfo=www2.gov.bc.ca,SSL+bc_hydrogen_strategy_final.pdf)>>
endobj
2201 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref396)>>
endobj
2022 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/research/publications/,DanaInfo=www.ippr.org,SSL+state-of-the-north-2020-21)>>
endobj
1050 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/,DanaInfo=theconversation.com,SSL+gas-price-spike-how-uk-government-failures-made-a-global-crisis-worse-168324)>>
endobj
1212 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/en/global/corporate/news-and-insights/press-releases/,DanaInfo=www.bp.com,SSL+east-coast-cluster-selected-as-one-of-the-uks-first-two-carbon-capture-and-storage-projects.html)>>
endobj
1016 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/policy/make-it-smaller-controversial-hydrogen-heating-trial-set-to-be-reduced-in-size-at-request-of-government/,DanaInfo=www.hydrogeninsight.com,SSL+2-1-1491929)>>
endobj
1914 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref315)>>
endobj
1833 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref290)>>
endobj
1590 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref221)>>
endobj
1671 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref244)>>
endobj
1394 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/publications/transforming-the-uk-energy-system-public-values-attitudes-and-acceptability/,DanaInfo=ukerc.ac.uk,SSL+)>>
endobj
1556 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/news/,DanaInfo=www.homebuilding.co.uk,SSL+hydrogen-heating)>>
endobj
1458 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/government/statistics/,DanaInfo=www.gov.uk,SSL+beis-public-attitudes-tracker-wave-37)>>
endobj
1279 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/analysis-why-uk-energy-bills-are-soaring-to-record-highs-and-how-to-cut-them/,DanaInfo=www.carbonbrief.org,SSL+)>>
endobj
1400 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref167)>>
endobj
2031 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/explainers/,DanaInfo=www.instituteforgovernment.org.uk,SSL+cost-living-crisis)>>
endobj
1825 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref288)>>
endobj
1808 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref283)>>
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endobj
1776 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref274)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref269)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref223)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref253)>>
endobj
2170 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/government/news/,DanaInfo=www.gov.uk,SSL+plan-to-drive-down-the-cost-of-clean-heat)>>
endobj
1262 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/wp-content/uploads/2023/07/,DanaInfo=thehagueinstituteforglobaljustice.org,SSL+working-Paper-9-climate-change-threat-multiplier.pdf)>>
endobj
2038 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref350)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/publications/,DanaInfo=www.ofgem.gov.uk,SSL+riio-2-challenge-group-independent-report-ofgem)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref299)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref248)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref46)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/wp-content/uploads/2018/11/,DanaInfo=www.theccc.org.uk,SSL+Public-acceptability-of-hydrogen-in-the-home-Full-report.pdf)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref153)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/publications/,DanaInfo=www.energynetworks.org,SSL+gas-goes-green-hydrogen-cost-to-customer-report-may-2020)>>
endobj
1173 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/publication/net-zero-the-uks-contribution-to-stopping-global-warming/,DanaInfo=www.theccc.org.uk,SSL+)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref77)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref122)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref335)>>
endobj
1794 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref279)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref322)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/,DanaInfo=zoom.us,SSL+)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref246)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/publication/hydrogen-in-a-low-carbon-economy/,DanaInfo=www.theccc.org.uk,SSL+)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/seisaku/list/ondanka_saisei/lowcarbon-h2-sc/PDF/,DanaInfo=www.env.go.jp,SSL+Summary_of_Japan's_Hydrogen_Strategy.pdf)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref208)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref202)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/big-four-make-price-promise-on-domestic-hydrogen-boilers/,DanaInfo=www.theengineer.co.uk,SSL+)>>
endobj
1506 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/gas-electricity/guides/big-six-energy-suppliers-guide/,DanaInfo=www.uswitch.com,SSL+)>>
endobj
2218 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/news/,DanaInfo=sgn.co.uk,SSL+london-study-kick-start-hydrogen-vision-capital-support-of-net-zero-carbon-target)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref146)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref75)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/publications/the-social-dimensions-of-moving-away-from-gas-cookers-and-hobs-challenges-and-opportunities-in-transition-to-low-carbon-cooking/,DanaInfo=ukerc.ac.uk,SSL+)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref333)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref328)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref272)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/government/publications/,DanaInfo=www.gov.uk,SSL+the-ten-point-plan-for-a-green-industrial-revolution)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref22)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref256)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref158)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/,DanaInfo=www.ofgem.gov.uk,SSL+)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref227)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref385)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/government/publications/,DanaInfo=www.gov.uk,SSL+levelling-up-the-united-kingdom)>>
endobj
1191 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/2021/08/05/big-four-boiler-manufacturers-make-hydrogen-ready-price-promise/,DanaInfo=envirotecmagazine.com,SSL+)>>
endobj
1255 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/p06018864/,DanaInfo=www.reportlinker.com,SSL+Oil-And-Gas-Global-Market-Report-COVID-19-Impact-and-Recovery-to.html?utm_source=GNW)>>
endobj
2129 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/news/uk-hydrogen-and-fuel-cell-association-presents-position-paper-on-the-case-for-blue-hydrogen/,DanaInfo=fuelcellsworks.com,SSL+)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref309)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref326)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref302)>>
endobj
891 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/government/uploads/system/uploads/attachment_data/file/1175494/,DanaInfo=assets.publishing.service.gov.uk,SSL+UK-Hydrogen-Strategy_web.pdf)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref44)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref281)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/sites/default/files/documents/,DanaInfo=www.dcceew.gov.au,SSL+australias-national-hydrogen-strategy.pdf)>>
endobj
1605 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref225)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref383)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref151)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref175)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref380)>>
endobj
2057 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref356)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref80)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/our-work-and-impact/guides-reports-and-tools/,DanaInfo=www.carbontrust.com,SSL+heat-pump-retrofit-in-london)>>
endobj
1409 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/media/4298/,DanaInfo=www.climatexchange.org.uk,SSL+attitudes-and-awareness-low-carbon-heating-oct-2020.pdf)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref306)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref277)>>
endobj
883 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/documents/publications/2020/04/06/,DanaInfo=www.government.nl,SSL+government-strategy-on-hydrogen)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref42)>>
endobj
849 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/wpcms/wp-content/uploads/2021/11/,DanaInfo=a9w7k6q9.stackpathcdn.com,SSL+Egypts-Low-Carbon-Hydrogen-Development-Prospects-ET04.pdf)>>
endobj
1631 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/government/uploads/system/uploads/attachment_data/file/803086/,DanaInfo=assets.publishing.service.gov.uk,SSL+industrial-clusters-mission-infographic-2019.pdf)>>
endobj
1290 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref137)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/business/2022/jan/18/,DanaInfo=www.theguardian.com,SSL+bristol-energy-owner-is-latest-uk-supplier-to-go-bust)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref381)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref82)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref353)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/wp-content/uploads/2017/01/,DanaInfo=www.theccc.org.uk,SSL+Annex-2-Heat-in-UK-Buildings-Today-Committee-on-Climate-Change-October-2016.pdf)>>
endobj
1975 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/article/,DanaInfo=www.wired.co.uk,SSL+uk-broadband-speed-fibre-optic)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref275)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref252)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref84)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref49)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/Redaktion/EN/Publikationen/Energie/,DanaInfo=www.bmwk.de,SSL+the-national-hydrogen-strategy.pdf?__blob=publicationFile&amp;v=1)>>
endobj
939 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref40)>>
endobj
1704 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/government/statistics/,DanaInfo=www.gov.uk,SSL+beis-public-attitudes-tracker-wave-35)>>
endobj
1380 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref161)>>
endobj
1461 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/app/uploads/2018/01/,DanaInfo=h21.green,SSL+SBT2251-Leeds-Beckett-Leeds-Sustainability-Institute-H21-Report-Singles.pdf)>>
endobj
1623 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/explore/resources/news/2021/08/04/10670520/uk-cluster-sequencing-could-support-8gw-of-hydrogen-capacity/,DanaInfo=www.icis.com,SSL+)>>
endobj
2173 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/Heat-pump-costs-could-fall-by-up-to-40-research-finds/,DanaInfo=www.hvpmag.co.uk,SSL+12780)>>
endobj
1282 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref135)>>
endobj
1363 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref156)>>
endobj
1444 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/air-source-heat-pumps-vs-ground-source-heat-pumps/,DanaInfo=energysavingtrust.org.uk,SSL+)>>
endobj
2075 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/,DanaInfo=www.edelman.co.uk,SSL+2023-edelman-uk-trust-barometer)>>
endobj
1248 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref125)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref300)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/why-the-thames-estuarys-future-will-be-hydrogen-powered/,DanaInfo=www.energymanagermagazine.co.uk,SSL+)>>
endobj
1011 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/policy/exclusive-hundreds-of-residents-vent-anger-over-entirely-pointless-hydrogen-heating-trial-during-hostile-public-meeting/,DanaInfo=www.hydrogeninsight.com,SSL+2-1-1411845)>>
endobj
1811 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref284)>>
endobj
1470 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/view/,DanaInfo=espace.library.uq.edu.au,SSL+UQ:f25a2cc)>>
endobj
2182 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref391)>>
endobj
1534 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/publications/,DanaInfo=www.ofgem.gov.uk,SSL+consumer-perceptions-energy-market-q1-2022)>>
endobj
2067 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/global/en/our-thinking/insights/industry/government-public-services/,DanaInfo=www.deloitte.com,SSL+trust-deficit-government.html)>>
endobj
1176 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/government/news/,DanaInfo=www.gov.uk,SSL+uk-enshrines-new-target-in-law-to-slash-emissions-by-78-by-2035)>>
endobj
1338 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref149)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref173)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/government/publications/,DanaInfo=www.gov.uk,SSL+exploring-the-evidence-on-issues-associated-with-trialling-hydrogen-heating)>>
endobj
1993 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/news-and-publications/industry-news/redcar-and-ellesmere-port-shortlisted-to-host-the-uks-first-hydrogen-village/,DanaInfo=www.igem.org.uk,SSL+)>>
endobj
991 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/publications/scottish-offshore-wind-green-hydrogen-opportunity-assessment/,DanaInfo=www.gov.scot,SSL+)>>
endobj
1020 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/2023/07/11/hydrogen-village-trial-in-whitby-rejected/,DanaInfo=www.energylivenews.com,SSL+)>>
endobj
1003 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/news/national/23648376.redcar-locals-call-vote-hydrogen-trial-ellesmere-port-plans-dropped/,DanaInfo=www.denbighshirefreepress.co.uk,SSL+)>>
endobj
859 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/pdfs/,DanaInfo=www.hydrogen.energy.gov,SSL+us-national-clean-hydrogen-strategy-roadmap.pdf)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref311)>>
endobj
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<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/resource/fuel-and-poverty/,DanaInfo=www.cse.org.uk,SSL+)>>
endobj
1641 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/wp-content/uploads/2020/10/,DanaInfo=growthplatform.org,SSL+Net-Zero-North-West-Brochure-Oct-2020-compressed.pdf)>>
endobj
1185 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/news/four-manufacturers-make-hydrogen-ready-boilers-cost-pact-29-07-2021/,DanaInfo=www.hvnplus.co.uk,SSL+)>>
endobj
1266 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/money/2022/jul/27/,DanaInfo=www.theguardian.com,SSL+uk-energy-bills-forecast-to-hit-3850-pounds-russia-cuts-gas-supply-further-europe-pipeline)>>
endobj
1509 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/guides/energy-guides/,DanaInfo=www.ovoenergy.com,SSL+big-six-energy-companies)>>
endobj
1968 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref329)>>
endobj
966 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/media/8394/,DanaInfo=www.nstauthority.co.uk,SSL+reserves-and-resources-2022.pdf)>>
endobj
868 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref23)>>
endobj
1910 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/Latest-Energy-News/World-News/,DanaInfo=oilprice.com,SSL+UK-Considers-Decoupling-Power-From-Gas-Prices-In-Biggest-Reform-In-Decades.html)>>
endobj
1552 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref211)>>
endobj
1454 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/government/uploads/system/uploads/attachment_data/file/191541/,DanaInfo=assets.publishing.service.gov.uk,SSL+More_efficient_heating_report_2204.pdf)>>
endobj
1616 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref228)>>
endobj
2166 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref386)>>
endobj
2085 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/government/publications/leaving-no-one-behind-our-promise/,DanaInfo=www.gov.uk,SSL+leaving-no-one-behind-our-promise)>>
endobj
1194 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref109)>>
endobj
1356 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref154)>>
endobj
1437 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/publication/fuelling-the-future/,DanaInfo=policyexchange.org.uk,SSL+)>>
endobj
1879 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref303)>>
endobj
1798 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref280)>>
endobj
1200 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref111)>>
endobj
1821 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref287)>>
endobj
1740 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/features/h21-the-story-so-far/,DanaInfo=www.thechemicalengineer.com,SSL+)>>
endobj
1804 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref282)>>
endobj
1480 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/articles/,DanaInfo=think.ing.com,SSL+hold-1of4-high-gas-prices-triples-the-cost-of-hydrogen-production)>>
endobj
1544 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref209)>>
endobj
2094 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/dmsdocument/,DanaInfo=www.mbie.govt.nz,SSL+6798-a-vision-for-hydrogen-in-new-zealand-green-paper)>>
endobj
1527 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/publications/,DanaInfo=www.ofgem.gov.uk,SSL+state-energy-market-2017)>>
endobj
2077 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/publications/,DanaInfo=www.energynetworks.org,SSL+gas-goes-green-zero-carbon-commitment-may-2020)>>
endobj
1429 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref176)>>
endobj
1986 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref334)>>
endobj
900 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref31)>>
endobj
802 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref2)>>
endobj
1111 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref87)>>
endobj
984 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/government/publications/the-uk-as-a-science-and-technology-superpower/,DanaInfo=www.gov.uk,SSL+the-uk-as-a-science-and-technology-superpower-accessible-html-version-of-letter)>>
endobj
886 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref28)>>
endobj
1570 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref216)>>
endobj
1715 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref257)>>
endobj
1391 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/publications/,DanaInfo=www.ofgem.gov.uk,SSL+consumer-survey-2020-update-consumer-engagement-energy)>>
endobj
1293 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref138)>>
endobj
1374 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/publications/,DanaInfo=www.ofgem.gov.uk,SSL+ofgem-consumer-first-panel-consumer-attitudes-towards-decarbonisation-and-net-zero)>>
endobj
1276 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/2022/07/11/analysts-set-winter-price-cap-estimates-again-on-fire/,DanaInfo=www.energylivenews.com,SSL+)>>
endobj
1097 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref83)>>
endobj
1259 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref128)>>
endobj
1978 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/,DanaInfo=citeseerx.ist.psu.edu,SSL+document?repid=rep1&amp;type=pdf&amp;doi=8d23c43b8af92fc8a4a8668b5cd4efc5a2e2391e)>>
endobj
1897 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref310)>>
endobj
895 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref30)>>
endobj
959 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref45)>>
endobj
1562 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/files/,DanaInfo=www.worcester-bosch.co.uk,SSL+Decarbonisation_Whitepaper.pdf?utm_source=facebook&amp;utm_medium=social&amp;utm_campaign=whitepaper)>>
endobj
2193 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref394)>>
endobj
1707 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref255)>>
endobj
2176 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref389)>>
endobj
1366 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref157)>>
endobj
1447 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/government/publications/,DanaInfo=www.gov.uk,SSL+hydrogen-production-costs-2021)>>
endobj
1609 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref226)>>
endobj
1349 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref152)>>
endobj
1089 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref81)>>
endobj
1889 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref307)>>
endobj
2101 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/en-us/participacion/paginas/,DanaInfo=energia.gob.es,SSL+detalleparticipacionpublica.aspx?k=337)>>
endobj
2003 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref339)>>
endobj
1031 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref65)>>
endobj
968 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref48)>>
endobj
1750 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/news/,DanaInfo=sgn.co.uk,SSL+h100-fife-ofgem-approved-world-first-hydrogen-heating-network)>>
endobj
1733 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/articles/online_resource/Domestic_hydrogen_acceptance_in_the_UK_Public_perceptions_of_energy_and_environmental_issues/,DanaInfo=cord.cranfield.ac.uk,SSL+21294873)>>
endobj
1490 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/uk/en/pages/consumer-business/articles/,DanaInfo=www2.deloitte.com,SSL+sustainable-consumer.html)>>
endobj
1652 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/research-briefings/sn05806/,DanaInfo=commonslibrary.parliament.uk,SSL+)>>
endobj
1473 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/sol3/,DanaInfo=papers.ssrn.com,SSL+papers.cfm?abstract_id=4024061)>>
endobj
1635 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/wp-content/uploads/2021/10/,DanaInfo=thamesestuary.org.uk,SSL+Thames-Estuary-Hydrogen-Route-Map-V1-Final.pdf)>>
endobj
2185 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref392)>>
endobj
1537 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/publications/,DanaInfo=www.ofgem.gov.uk,SSL+consumer-perceptions-energy-market-q4-2022)>>
endobj
1179 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/the-future-of-heating-in-the-uk-heat-pumps-or-hydrogen/,DanaInfo=energysavingtrust.org.uk,SSL+)>>
endobj
910 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref34)>>
endobj
812 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/sites/default/files/2020/09/,DanaInfo=www.rvo.nl,SSL+hydrogen_strategy.pdf)>>
endobj
2110 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/en/about-the-uae/strategies-initiatives-and-awards/strategies-plans-and-visions/environment-and-energy/,DanaInfo=u.ae,SSL+national-hydrogen-strategy)>>
endobj
1300 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/images/,DanaInfo=www.socialacceptance.ch+paper_ewec2010_iea_wind_task_28.pdf)>>
endobj
994 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref55)>>
endobj
1023 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref63)>>
endobj
1104 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref85)>>
endobj
977 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/government/publications/,DanaInfo=www.gov.uk,SSL+net-zero-strategy)>>
endobj
879 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref26)>>
endobj
798 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref1)>>
endobj
1921 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/guidance/,DanaInfo=www.gov.uk,SSL+check-if-you-may-be-eligible-for-the-boiler-upgrade-scheme-from-april-2022)>>
endobj
1840 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref292)>>
endobj
1661 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref241)>>
endobj
1644 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/government/publications/cluster-sequencing-phase-2-eligible-projects-power-ccus-hydrogen-and-icc/,DanaInfo=www.gov.uk,SSL+cluster-sequencing-phase-2-eligible-projects-power-ccus-hydrogen-and-icc)>>
endobj
1384 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/content/,DanaInfo=www.h2knowledgecentre.com,SSL+policypaper144)>>
endobj
1465 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/assets/2018/12/,DanaInfo=arena.gov.au,SSL+the-australian-publics-perception-of-hydrogen-for-energy.pdf)>>
endobj
1627 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/government/uploads/system/uploads/attachment_data/file/1147372/,DanaInfo=assets.publishing.service.gov.uk,SSL+2022_Provisional_emissions_statistics_report.pdf)>>
endobj
1286 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/government/news/,DanaInfo=www.gov.uk,SSL+hundreds-of-new-north-sea-oil-and-gas-licences-to-boost-british-energy-independence-and-grow-the-economy-31-july-2023)>>
endobj
1188 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/wp-content/uploads/2020/01/,DanaInfo=hydrogencouncil.com,SSL+Path-to-Hydrogen-Competitiveness_Full-Study-1.pdf)>>
endobj
1130 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref90)>>
endobj
1815 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref285)>>
endobj
1619 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref229)>>
endobj
2088 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/site/eng/9.894114/,DanaInfo=publications.gc.ca,SSL+publication.html)>>
endobj
1197 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref110)>>
endobj
1359 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref155)>>
endobj
1997 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/news-media/news/may-2022/,DanaInfo=cadentgas.com,SSL+ellesmere-port-homes-could-help-climate-crisis)>>
endobj
2013 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref342)>>
endobj
1203 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/media/6906/,DanaInfo=pgjonline.com,SSL+2020_european-hydrogen-backbone_report.pdf)>>
endobj
1007 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/policy/manipulation-misinformation-and-deceit-hydrogen-heating-trial-dropped-by-government-after-fierce-public-opposition/,DanaInfo=www.hydrogeninsight.com,SSL+2-1-1484109)>>
endobj
1905 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/government/consultations/,DanaInfo=www.gov.uk,SSL+review-of-electricity-market-arrangements)>>
endobj
1743 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/sites/default/files/docs/2019/11/,DanaInfo=www.ofgem.gov.uk,SSL+h21_nic_phase_2_full_submission_redacted.pdf)>>
endobj
1581 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref219)>>
endobj
1483 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/media/newsroom/news/2018/07/,DanaInfo=orsted.co.uk,SSL+new-survey-reveals-73-percent-of-uk-consumers-would-choose-retailers-that-use-renewable-energy)>>
endobj
2097 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/wp-content/uploads/2020/03/,DanaInfo=www.bdi.fr,SSL+PressKitProvisionalDraft-National-strategy-for-the-development-of-decarbonised-and-renewable-hydrogen-in-France.pdf)>>
endobj
4875 0 obj
<</S /URI /Type /Action /URI (mailto:n.ozkan@cranfield.ac.uk)>>
endobj
903 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/publications/,DanaInfo=www.niesr.ac.uk,SSL+economic-costs-russia-ukraine-conflict?type=policy-papers)>>
endobj
822 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/assets/gov/farming-natural-resources-and-industry/electricity-alternative-energy/electricity/bc-hydro-review/,DanaInfo=www2.gov.bc.ca,SSL+bc_hydrogen_strategy_final.pdf)>>
endobj
2201 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref396)>>
endobj
2022 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/research/publications/,DanaInfo=www.ippr.org,SSL+state-of-the-north-2020-21)>>
endobj
1050 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/,DanaInfo=theconversation.com,SSL+gas-price-spike-how-uk-government-failures-made-a-global-crisis-worse-168324)>>
endobj
1212 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/en/global/corporate/news-and-insights/press-releases/,DanaInfo=www.bp.com,SSL+east-coast-cluster-selected-as-one-of-the-uks-first-two-carbon-capture-and-storage-projects.html)>>
endobj
1016 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/policy/make-it-smaller-controversial-hydrogen-heating-trial-set-to-be-reduced-in-size-at-request-of-government/,DanaInfo=www.hydrogeninsight.com,SSL+2-1-1491929)>>
endobj
1914 0 obj
<</S /URI /Type /Action /URI (https://extranet.cranfield.ac.uk/S1364-0321(23)00667-6/,DanaInfo=refhub.elsevier.com+sref315)>>
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