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A comprehensive technology acceptance framework 
applied to acceptance of a hydrogen refueling facility 

Public acceptance of technologies has proven to be crucial for the 
successful implementation of a new technology. The recent 
cancelation of the carbon capture and storage project under the city 
of Barendrecht, for example, has shown how public opposition can 
contribute to the cancellation of the project. 
Public support and public opposition is influenced by how people 
perceive and evaluate factors related to the technology and it’s 
implementation. Understanding how the public decides to take 
action can provide insights into how to improve the design of 
technology, the decision making or communication to the public to 
arrive at a more accepted technology. Therefore, it is valuable to 
investigate public acceptance of technologies and psychological 
factors that explain public acceptance. 

Many studies have investigated technology acceptance, but they have 
often focused on one or a few psychological factors. A more compre-
hensive approach would be beneficial as a next step in technology 
acceptance research (see also Gupta et al., 2011; Huijts et al., 2012a). To 
that end, my colleagues and I have designed such a comprehensive 
technology acceptance framework (Huijts et al., 2012b). Subsequently, 
we used the framework to explain citizens’ intention to act towards a 
local hydrogen refueling facility. Hydrogen may be an energy carrier that 
replaces current fossil fuel use in transport and thereby reduces current 
problems caused by fossil fuel use, such as air pollution, climate change, 
and energy insecurity. Recent events in the UK have shown that 
opposition can arise against hydrogen refueling facilities (Mumford and 
Gray, 2010). Understanding the acceptance of this technology is thus 
important in the making of wise policy decisions about the technology. 
I will further explain the study and the lessons learned.

Study summary
We designed this comprehensive framework based on an extensive 
literature review, using theories from the fields of social psychology, 
environmental psychology, risk perception and using findings of 
empirical technology acceptance studies. The dependent variable in the 
framework is behavior, which is directly preceded by behavioral 
intention with respect to technology. To empirically test the model, 1214 
Dutch citizens were asked to fill in an online questionnaire in October 
2010. These citizens were selected from a database of the market 
response bureau Intomart to represent the Dutch population taking into 
account age, gender, education, income and living area (rural or urban).
 We expected citizens to have very little knowledge of hydrogen and 
hydrogen technology. Therefore, we gave a majority of respondents (800 
respondents) information about the topic before they filled in the 
questionnaire. The information concerned neutral information about 
costs, risks and benefits of the technology and short summaries of 
viewpoints of involved actors, including government, industry and 
environmental NGOs (see Huijts et al., 2013). This information was 
designed based on reports and short interviews with experts and 
stakeholder representatives. 

The respondents were asked to consider the placement of a hydrogen 
refueling facility on the premises of the nearest petrol station. The 
respondents were then asked how they would vote (for or against the 

facility) if their town would let the citizens vote on this. Those that 
answered that they might vote in favor of a local hydrogen refueling 
facility were considered supporters, those that answered that they might 
vote against it were considered opponents. Those that voted neutral were 
left out of the analysis; approximately 56% answered as supporters and 
11% as opponents . All those identified as supporters or opponents were 
asked to answer questions related to the psychological variables in the 
model plus additional questions that will be used for other studies. 
Structural equation modeling was used to estimate the models; one for 
explaining intention to act in favor of the technology and one for 
explaining intention to act against the technology. The framework was 
found to explain intention to act rather well. The explained variance of 
intention to act was rather high in both models (namely .78 for supporters 
and .72 for opponents) and the models fit was sufficiently high.

Lessons learned
A number of interesting findings were revealed by the models. First, it 
was found that both intention to act by both supporters and opponents 
of the technology was most strongly explained by ‘feelings of moral 
obligation to act in favor of (for supporters) or against (for opponents) 
the technology. In short this variable is called ‘personal norm’. Personal 
norm is suggested by the Norm Activation Model (Schwartz and 
Howard, 1981) to influence moral behaviors, such as behaviors that have 
beneficial social or environmental effects. The strong explanatory effect 
of personal norms suggest that citizens’ responses to technologies nearby 
are quite strongly based on moral considerations. This is different from 
what is suggested when using the term ‘NIMBY’ (Not In My BackYard). 
This term is used to indicate that people are against a technology or 
facility out of personal interest or selfishness; they are against it when it if 
placed in their own living area, but not when it is placed elsewhere 
(Dear, 1992).

Second, ‘feelings felt when thinking of the technology’ are the second 
strongest determinant of intention to act in both groups. This variables is 
also called ‘affect’. Positive affect quite strongly explained intention to act 
in favor of the technology, while negative affect quite strongly explained 
intention to act against the technology. Affect was a stronger predictor 
than the evaluation of costs, risks and benefits of the technology. This 
finding supports the idea that feelings are very important for human 
decision making and human behavior. A growing interest in the recent 
decades has been identified in the field of psychology with respect to the 
role of affect in decision making, after a time in which the focus has been 
solely or mainly on more cognitive or rational evaluations influencing 
decision making (Loewenstein and Lerner, 2003). 

Intentions of both groups (supporters and opponents) are also explained 
by the citizens’ evaluation of costs, risks and benefits of the technology 
(summarized as ‘perceived effects’) and by the expectation as to whether 
action taking would influence decision making related to the actual 
placing of a local hydrogen refueling facility (called ‘outcome efficacy’). 
An interesting difference between the two groups is that intention to act 
by supporters is also explained by more ‘rational’ factors such as an 
evaluation of taking action in favor or against the refueling facility in 
terms of bad-good (independent from whether they planned to perform 
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the action), an estimation of how people important to them would 
evaluate their actions and the perceived ease or difficulty of the actions 
(called ‘attitude towards acting’, ‘subjective norm’, and ‘perceived 
behavioral control’ respectively), while this was not the case for 
opponents. These three variables are described in the Theory of Planned 
Behavior (Ajzen, 1991) to influence behavior and have often been found 
to predict a whole array of behaviors that are considered planned or based 
on rational cost-benefit analysis. Supporters’ intention are thus also 
predicted by variables that are assuming more rational, planned behavior.
Another difference between the groups is that opponents’ intentions are 
more strongly influenced by trust in industry and by perceived fairness of 
the distribution of costs, risks and benefits than supporters’ inten tions. 
Opponents that had little trust in industry showed a higher likeliness to 
take action against the placing of the hydrogen refueling facility at the 
nearest petrol station than those who had more trust in industry. 
Similarly, those that felt that an unfair distribution of costs, risks and 
benefits is problematic and should be avoided, were more likely to take 
action against a local hydrogen refueling facility. This latter variable was 
called in short ‘distributive fairness.’ While trust has often been studied 
as a determinant of technology acceptance, distributive fairness seems 
not often studied yet (an overview of psychological variables studied as 
predictor of technology acceptance can also be found in Gupta et al., 
2011). A third factor that has not been empirically studied by us, but 
which is also expected to fuel opposition is procedural fairness (are the 
procedures leading to the final decision evaluated to be fair in the eyes of 
the respondents?). It was for, example, also an important determinant of 
the acceptability of carbon storage in Barendrecht, next to trust and 
perceived costs and risks (Terwel et al., 2012); those that found the 
procedure unfair were more negative about CCS. Finally, the variables 
trust in the municipality, energy security problem perception and 
environmental problem perception were found to have little or no effect 
on intention to act both in favor of and against a local hydrogen refueling 
facility. The fact that environmental problem perception does not explain 
intention to act towards a local hydrogen refueling facility is especially 
interesting, as environmental problems related to current fossil fuel use 
are a very important reason for policy makers to support this technology. 

To sum up, we learned that a large number of participants would vote in 
favor of a local hydrogen refueling facility (56%) and that support is thus 
more common than opposition. The supporters’ intention to act in favor 
of the technology was quite strongly explained by personal norm, 
positive affect towards the technology, and perceived effects of the 
technology and somewhat less strongly by outcome efficacy, attitude 
towards acting, perceived behavioral control, subjective norm, energy 
security problem perception, negative affect, trust in the municipality, 
trust in industry, and distributive fairness.
Only a small number of participants (11%) indicated they would vote 
against a local hydrogen refueling station. Their intention to take action 
against it is quite strongly influenced by personal norm, negative feelings 
towards the technology, trust in industry, and perceived effects of the 
technology, and somewhat less strongly by outcome efficacy, positive 
affect, distributive fairness and trust in the municipality. Had a procedure 
already taken place, then an unfair perceived decision making process 
(e.g. a process in which citizens did not have a voice) might have also 
in fluenced opponents’ intention to act against a local hydrogen refueling 
facility. 

Concluding remarks
The framework designed to better understand, and comprehensively and 
thoroughly study citizen’s acceptance of technologies, has proven fruitful 
for creating understanding into citizens’ potential responses to a 
hydrogen refueling facility at their nearest petrol station. Not only do we 
conclude that psychological factors are very important for technology 

acceptance, our results also show the added value of a combination of 
multiple psychological theories and models. Studying technology 
acceptance comprehensively and through a common framework gives 
more extensive insights and provides opportunities to compare between 
cases or between groups of citizens, for instance between supporters and 
opponents as in our study. The framework will likely also prove to be 
successful in studying citizens’ responses to other technologies. 
Citizens’ opinion of technologies and their supporting or opposing actions 
have been shown to influence whether a technology is success fully 
introduced. Gaining an early understanding into citizens’ opinions and 
intentions to take action can prove fruitful in directing policy making and 
investments by governments and industries towards technological projects 
with greater public approval and thus higher chances of success.
More information about the study, about the provided information and 
about the results can be retrieved from the author.
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