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Citizens’ emotional responses to energy technology projects inﬂuence the success of the technology’s implementation. Contrary to popular belief, these emotions can have a systematic base. Bringing together insights
from appraisal theory and from technology acceptance studies, this study develops and tests hypotheses regarding antecedents of anger, fear, joy, and pride about a local hydrogen fuel station (HFS). A questionnaire
study was conducted among 271 citizens living near the ﬁrst publicly accessible HFS in the Netherlands, around
the time of its implementation. The results show that anger is signiﬁcantly explained by (from stronger to weaker
eﬀects) perceived procedural and distributive unfairness, and fear by distributive unfairness, perceived safety,
procedural unfairness, gender, and prior awareness. Joy is signiﬁcantly explained by perceived environmental
outcomes and perceived usefulness, and pride by prior awareness, perceived risks, trust in industry, and perceived usefulness. The study concludes that these predictors are understandable practical and moral considerations, which can and should be taken into account when developing and executing a project.

1. Introduction
Citizens’ emotionally-charged responses can delay or even prevent
the introduction of energy projects into society. One well-known example involves a canceled carbon capture and storage project in the
Netherlands [1,2]. Many other energy projects, such as wind parks,
high-voltage power lines, and nuclear power plants have also been
vocally and emotionally opposed by citizens.
Emotions about new technologies have often been viewed negatively. They are said to result from ignorance and to undermine the
decision-making process, which should ideally be based in rational
weighing of risks and beneﬁts [3,2]. For that reason, emotions have
been ignored or taken at face-value by decision- makers [4]. Some
scholars have argued, however, that emotions are helpful, valuable, and
even necessary for making practical and moral judgments [5,6] and
result from, or co-occur with appraisals of the situation (e.g. [7,8]). This
claim has been made about energy projects in particular [9,10]. Understanding what underlies citizens’ emotions about new energy projects can help developers, policymakers, and industry managers to design better technologies, policies, and communications, and to
undertake more ethically acceptable and practically accepted enterprises.
Studies of technology acceptance and risk perception (see for
overviews [11,12] have focused mainly on the positive or negative
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valence of feelings measured as aﬀect, and rarely on speciﬁc emotions
(with the exception of Dohle et al. [13]). Emotion scholars, however,
have shown that diﬀerent emotions of the same valence (e.g. anger and
fear) can have diﬀerent antecedents and lead to diﬀerent behaviors
[14–16]. This suggests that it is valuable to gain more insight into
speciﬁc emotions towards new technologies.
This paper develops hypotheses about antecedents of speciﬁc
emotions based on ﬁndings from appraisal theory and from technology
acceptance studies, and tests these hypotheses for emotions about a
local hydrogen fuel station. Two negative emotions (anger and fear)
and two positive emotions (joy and pride) are considered. These four
distinguishable emotions relate to diﬀerent appraisals and behaviors
[17,15,16,18].
Unlike anger, fear, and joy (e.g. [16,19]), pride has not often been
studied; this is particularly true of pride in parties other than oneself or
one’s oﬀspring [20]. As pride has been shown to motivate people to
persevere in a task despite initial costs [21], it is important to understand what generates pride in an energy project.
1.1. The case of a Dutch hydrogen fuel station
Hydrogen has the potential to make car use independent of fossil
fuels and free from harmful emissions, provided that the hydrogen is
produced with sustainable energy sources [22–24]. However, early
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predict which of the outcomes will be considered most outstanding and
most linked to local community members, and thus most likely to elicit
pride.

experiences have shown that resistance to HFS projects can arise because of concerns about safety risks, especially when the HFS is located
near private residences [25–28].
The current study focuses on an HFS that was placed in the city of
Arnhem in 2010. Biogas was purchased for the on-site generation of the
hydrogen, making it a low-carbon fuel. The project was initiated and
subsidized by regional governmental bodies, and it was owned by a
non-proﬁt organization run by industry partners. The HFS was added to
an existing petrol station, which was located in an industrial area, close
to a residential neighborhood and to the local bus company that would
deploy one hydrogen bus. Nearby-living citizens were not involved in
decision-making about the project. The oﬃcial opening generated a few
short news items in local newspapers and on national television
[29–31].

1.2.2. Fairness: procedural and distributive
Appraisal researchers have found that also perceived unfairness is a
strong predictor of speciﬁc emotions. For example, Frijda et al. [40]
discovered that unfairness cued anger when people recalled their own
recent emotions. Scherer [19] demonstrated that perceived unfairness
was the second-strongest predictor (after the dimension of agency or
causation) of speciﬁc emotions that people associated with recent
events. Furthermore, Mikula et al. [41] showed that appraisals of an
event’s unfairness most strongly induced anger, but also elicited other
negative emotions, such as sadness, fear, guilt, and shame. In the
context of technology acceptance, Dohle et al. [13] showed that perceived fairness explained the intensity of anger—but not of fear—around mobile phone base stations. These studies, however, did not
specify the type of fairness.
Technology acceptance research has determined that both procedural fairness and distributive fairness aﬀect how people evaluate energy technologies [42,12,43]. While procedural fairness relates to how
a decision-making procedure takes place (for example, whether citizens’ opinions are being listened to), distributive fairness relates to how
the positive and negative outcomes of a technological project are allocated. In the justice literature, procedural and distributive unfairness
have been recognized as distinct moral factors; both have been found to
cause anger [44]. A study of a hypothetical hydrogen fuel station [45]
has conﬁrmed that distributive unfairness explained negative aﬀect,
which was measured as the average rating of several negative emotions,
including anger and fear. These ﬁndings suggest that perceived procedural and distributive unfairness will elicit anger, and possibly also
other negative emotions such as fear, when an energy project is developed in one’s vicinity.

1.2. Theory
Appraisal theory, which assumes that speciﬁc emotions are triggered by appraisals of a stimulus [7,8], can shed light on the role of
speciﬁc emotions in the context of environmental risk perception (cf.
[32]). The theory holds that speciﬁc emotions are keyed to certain
appraisals, such as “novelty, intrinsic pleasantness, certainty, goal signiﬁcance, agency, coping potential and compatibility with social or
personal standards” (the latter including fairness; [7,p. 573]). These
appraisals explain not only elicitation of emotions but also diﬀerentiation among emotions. For example, events that people feel they
cannot cope with are more likely to cue fear, while events that people
feel they can cope with are more likely to cue anger [19].
This study focuses on four sets of potential antecedents of speciﬁc
emotions about energy projects: (1) perceived outcomes, (2) procedural
and distributive fairness, (3) prior awareness, and (4) trust. These
antecedents are related to several appraisals, namely goal signiﬁcance,
fairness, novelty, agency, control, and coping ability.
1.2.1. Goal signiﬁcance and perceived outcomes
Goal signiﬁcance or goal relevance distinguishes among the occurrences
of speciﬁc emotions in appraisal theory. The theory holds that speciﬁc
emotions are preceded by or co-occur with appraisal of the “extent to which
a stimulus or situation furthers or endangers an organism’s survival and
adaptation to a given environment, the satisfaction of its needs, and the
attainment of its goals” [7,p. 578]. Scherer, in fact, makes goal signiﬁcance
a crucial part of the deﬁnition of emotion, which he sees as “an episode of
interrelated, synchronized changes in the states of all or most of the ﬁve
organismic subsystems in response to the evaluation of an external or internal stimulus event as relevant to major concerns of the organism” (Scherer,
1987, 2001 in [60,p. 697] [my emphasis]).
Arguably, having a safe living environment, energy security (including access to useful vehicle fuels), and minimal environmental
degradation (e.g. limited air pollution and climate change) is an important goal for many citizens in the context of energy technologies
[33]. It can therefore be presumed that the more one believes that an
energy technology will positively or negatively aﬀect these goals, the
stronger one’s positive or negative emotions respectively will be.
Hydrogen as a fuel for vehicles is often perceived as having environmental beneﬁts and safety risks [34–39]. The more positive environmental outcomes people expect the technology to have, the more
joy and perhaps also pride they are likely to report upon the opening of
a local HFS; conversely, the more risks people expect the technology to
have, the more anger and fear they are likely to report. By the same
token, the anticipated usefulness of a local HFS will probably determine
the amount of joy and pride people report. While joy may simply be
caused by the expectation of a project’s positive outcomes, pride may
speciﬁcally result from awareness of an outstanding achievement by a
party that one feels connected to. Although pride is often associated
with personal achievement [15,21], people can also feel pride in the
achievements of other community members [20]. It is diﬃcult to

1.2.3. Novelty and prior awareness
Novelty is one of the appraisal dimensions that predicts which
speciﬁc emotions arise. Scherer [19], for example, showed that different emotion-eliciting events rate diﬀerently in expectedness; unexpected events cued anger, while expected events cued joy.
Citizens living near a new energy project may be more or less aware
of it. When asked for their opinion about this project, they may
therefore experience novelty to a greater or lesser extent. Thus, prior
awareness may inﬂuence which speciﬁc emotion is felt more strongly.
Scherer’s ﬁndings on novelty [19] imply that prior awareness elicits
more joy and less fear than prior unawareness. Similarly, it may be that
pride is higher and fear lower among those who were already aware of
the fuel station than among those who were not.
Those with prior awareness of hydrogen as a fuel were more likely
to support than to oppose a hypothetical hydrogen fuel station [27].
Similarly, support for the use of hydrogen vehicles in London was
higher among citizens who already knew of them [46]. Prior awareness,
then, favorably aﬀects how people evaluate hydrogen technologies and
leads to more positive and fewer negative feelings about them.
1.2.4. Agency, control, coping ability and trust
In diﬀerent domains, trust plays a very important role in how people
evaluate and respond to a situation and its social context (e.g. [47–49]).
Speciﬁcally, trust seems to shape aﬀective evaluations of potentially
risky technologies; trust in three diﬀerent institutions that were responsible for the use of nanotechnology in the food domain inﬂuenced
the average aﬀective evaluation of associations with nanotechnology
applications [50]. Higher levels of trust in industry and in government
engendered more positive and less negative aﬀect regarding carbon
capture and storage [51]. For a hypothetical hydrogen fuel station, less
trust in industry lead to stronger negative aﬀect, and more trust in the
municipality to stronger positive aﬀect [45].
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When the overall aﬀective evaluation of technologies is inﬂuenced
by trust, then it is likely that speciﬁc emotions will also be so inﬂuenced. Appraisal theory, however, does not explicitly include trust as
one of its dimensions. Empirical studies that draw on appraisal theory
have also overlooked trust as a factor that explains which speciﬁc
emotion is felt. In line with this, Scherer [65,p. 643] has written that
“appraisal theory has largely neglected the social context in which
emotions are elicited, possibly requiring appraisal criteria relevant to
relationships and interaction strategies.” Thus, trust in those responsible for the technology is a promising candidate to ﬁll this gap in
the context of new energy projects.
In the case of potentially risky technologies, trust is related to three
appraisals: agency, control, and coping potential. For a project like a hydrogen fuel station, agency lies largely with the industry that is designing,
installing, managing, and maintaining it. This industry, not the citizens,
has control over the risks associated with the technology. For this reason,
rather than assessing their own personal ability to prevent and cope with
the negative outcomes of the technology, citizens may wonder how well
the industry is able to do so. Presumably, though most people will assign
all or most of the agency to the industry, they may diﬀer with respect to
how well they expect it to install and maintain a safe technology. This will
be reﬂected in people’s level of trust. Agency, control, and coping ability
have all been found to explain and diﬀerentiate among emotions, and
therefore trust can also be expected to do so. The question is, which
emotions are inﬂuenced by trust and which are not?
When it comes to a new HFS being placed in the vicinity, it is likely
that lower levels of trust in the industry will cause more strongly felt
fear (about possible negative outcomes) and anger (towards those who
are in charge). Higher trust, on the other hand, may mitigate expectations of terrible accidents, which may in turn limit fear and anger. On
the positive side, when trust in the industry is higher, people may experience more joy when thinking about the technology and more pride
when anticipating outstanding local achievements.

2.1. Sample
In total, 329 people ﬁlled in the questionnaire between November
2010 and May 2011. These respondents were living between 143 and
1400 m away from the fuel station.
After the removal of questionnaires that were missing information
about any of the four emotions or about any of the seven antecedents,
271 questionnaires remained. Of those, 153 were ﬁlled out at most
three weeks before the oﬃcial opening of the hydrogen fuel station, and
110 were ﬁlled out at most six months after the opening. Eight questionnaires might have been completed before or after the opening. As
there was no reason to believe that the timing of the questionnaire
inﬂuenced the relation between antecedents and emotions, the before
and after samples were treated as one sample.1
In total, 47% of the respondents were female and 52% male (1% did
not specify their sex). Ages varied from 20 years to 90 years, with a
mean of 41 years (SD = 13), and 11% of the respondents did not specify
their age. The gender distribution and average age can be considered
reasonably representative of Dutch society as a whole (www.cbs.nl).
A majority of the respondents (64%) was highly educated, having at
least a BSc degree. 36% had a lower education, and less than 1% did not
answer this question. According to the Dutch Bureau of Statistics (www.
cbs.nl), in 2010, only 28% of the Dutch population up to 65 years old
had received higher education. As 96% of our sample consisted of
people younger than 66, it can be concluded that the sample has a
higher percentage of highly-educated people than does the Netherlands
as a whole.
Respondents were also asked whether they rented or owned their
home. 52% of the respondents were renters, and 48% were homeowners.
2.2. Measurements
Anger, fear, joy, and pride were measured by asking people to rate
the extent to which they experienced a number of diﬀerent emotions
when thinking of the local HFS, on a scale from 0 (‘not at all’) to 5 (‘very
strongly’). See Table 1 for the distribution, mean and standard deviation of the answers. 135 people rated one or two emotions higher than
zero, and 78 rated three or four emotions higher than zero. This shows
the commonness of blended and mixed feelings, which is in line with
previous emotion research (e.g. [40,53]).
The perceived environmental outcomes were measured with three
items related to the eﬀects of hydrogen fuel on (a) air quality, (b) the
environment, and (c) the climate – along with one item related to the
eﬀect of the local HFS on the environment. The scale ran from 1 (‘very
bad’) to 5 (‘very good’). The four items were averaged (M = 4.21,
SD = 0.64, α = 0.81).
The perceived safety was measured with two items on a scale ranging from 1 to 5, concerning the safety of (a) hydrogen as fuel for vehicles and (b) the local hydrogen fuel station. The scale ran from 1
(‘very dangerous’) to 5 (‘very safe’). The two items were averaged
(M = 2.67, SD = 0.76, α = 0.67).
The perceived usefulness was measured with one item, by asking to
what extent the respondent thought that the local hydrogen fuel station
would be useful for people living nearby (M = 3.04, SD = 0.94), on a
scale from 1 (‘very useless’) to 5 (‘very useful’).

1.3. The current study
To summarize, this study seeks to explain the strength with which
anger, fear, joy, and pride about the ﬁrst Dutch hydrogen fuel station are felt
by citizens living in its vicinity. The following hypotheses are tested:
1. Anger and fear will be felt more strongly when people perceive more
risk and more procedural and distributive unfairness, and when they
have no prior awareness of the HFS and less trust in the industry that
is responsible for the technology.
2. Joy and pride will be felt more strongly when people perceive better
environmental outcomes and more usefulness for those living
nearby, and when they have prior awareness of the HFS and more
trust in the industry that is responsible for the technology.
The study also asks whether those with and without prior awareness
display similar or diﬀerent relations between antecedents and emotions. People who have prior awareness of a technology not only experience less novelty but also have had more time to think carefully
about the HFS. This may give them the opportunity to appraise the
situation diﬀerently, and may thus aﬀect the relation between antecedents and emotions. Finding few or no interaction eﬀects of prior
awareness with other antecedents, however, would suggest that the
antecedents of speciﬁc emotions about the local HFS are quite stable.

1
When testing for the direct eﬀects of questionnaire timing (before or after the oﬃcial
opening) on the four emotions, and when testing for interaction-eﬀects between the time
of ﬁlling in and the expected antecedents of the emotions, only one signiﬁcant eﬀect was
found. The inﬂuence of perceived environmental beneﬁts on pride was moderated by
whether the questionnaire was ﬁlled out before or after the oﬃcial opening of the HFS.
Treating the before and after groups as separate samples, it became clear that before the
opening, the perceived environmental eﬀects did not signiﬁcantly explain pride
(β = −0.07, p = .44), while after the opening, the perceived environmental eﬀects did
signiﬁcantly explain pride (β = 0.25, p = .01). To keep the dataset as large as possible for
further analyses, the two datasets were subsequently treated as one sample.

2. Method
A paper-and-pencil survey was conducted among residents living in
the vicinity of a new hydrogen fuel station, shortly before and after its
oﬃcial opening on December 3rd, 2010. The selected neighborhoods
were close to the center of town, and they had a mixed population of
lower- and higher-income residents, including quite a few students.
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diﬀerent valences were also positively correlated, but only weakly,
ranging from 0.10 to 0.17. The antecedents were not at all to moderately correlated to each other.
T-tests were used to determine whether there are diﬀerences in the
ratings of the emotions between men and women, between people with
lower and higher levels of education, and between owners and renters.
No signiﬁcant diﬀerences were found, except where gender and fear
were concerned: women rated fear more strongly than men (women:
M = 0.81, SD = 1.24; men: M = 0.50, SD = 0.88; t(227.15) = 2.39,
p = .02). To control for this eﬀect, gender was added to the following
analyses. To maximize the number of data points, the two missing values of gender were replaced with the mean value (1,5). Correlations
between age and the dependent variables were also tested: there were
no signiﬁcant correlations.

Table 1
Descriptions of emotion measurements.
N = 271

Anger

Fear

Joy

Pride

0 (not at all)
1 (very little)
2
3
4
5 (very strongly)
Means
SD

203
36
12
16
2
2
.46
.97

175
51
19
19
5
2
.65
1.08

89
47
22
69
30
14
1.80
1.62

98
37
26
53
38
19
1.83
1.72

The perceived procedural fairness was measured with three items. First,
respondents were told that the municipality had decided to install the local
HFS and had been responsible for granting the permit for its operation. They
were then asked to what extent they agreed with the following statements:
(a) ‘I think that the municipality communicated openly about how the decision-making has taken place,’ (b) ‘I think that the interests of all parties
have been weighed in a careful manner,’ and (c) ‘I think that the procedure
for granting the permit has taken place in a fair way.’ The scale ran from 1
(‘I totally disagree’) to 5 (‘I totally agree’). The three items were averaged
(M = 3.11, SD = 0.79, α = 0.85).
The perceived distributive fairness question was preceded by a short
explanation that ‘The drawbacks and beneﬁts are not equally distributed over all inhabitants of an area. The subsidies given by the
government are carried by the whole society. The beneﬁts for the environment and the use of the fuel, and the risks, are experienced differently by diﬀerent people.’ Then the question was posed: ‘What do
you think about the distribution of beneﬁts and drawbacks, for yourself
and others, that derive from the new hydrogen fuel pump at the fuel
station at Van Oldenbarneveldtstraat 91?’ The scale ran from 1 (‘very
unfair’) to 5 (‘very fair’); from 1 (‘not a problem’) to 5 (‘very much a
problem’); and from 1 (‘very much unavoidable’) to 5 (‘very avoidable’). It was presumed that the more problematic and avoidable an
unequal distribution was perceived to be, the more unfair it would be
considered. The latter two items were reverse coded and the three items
averaged, such that 1 means ‘very unfair/problematic/avoidable’ and 5
‘very
fair/unproblematic/unavoidable’
(M = 3.23,
SD = 0.62.
α = 0.65).
Prior awareness was measured with the question ‘Did you know,
before you received our letter or questionnaire, that a hydrogen fuel
station had been built in Arnhem?’ A sizeable minority of 35% answered yes; 65% answered no.
Trust in the industry was measured as trust in the hydrogen fuel
station supplier’s and in the fuel station owner’s ability to install and
maintain a safe technology. The four items measured the level of
agreement with four statements relating to trust of these two parties: (a)
that they had installed a safe refueling facility, (b) that they had the
knowledge and experience to do so, (c) that they intended to do so, and
(d) that they paid appropriate attention to the facility and performed
safety checks. The scale ranged from 1 (‘I do not agree’) to 5 (‘I agree’).
The four items were averaged (M = 3.70, SD = 0.80, α = 0.90).
The measurements used in this study are similar to measurements
reported by Huijts et al. [45], as the two studies’ questionnaires were
designed in parallel. The questionnaire for the current study included
many more items than the ones reported here.2

3.2. Antecedents of emotions
To test the two hypotheses, a set of regression analyses was conducted in which each emotion was regressed on all the antecedents and
on gender (see Model 1, Table 3). To check whether there were differences in the eﬀects of the antecedents on the emotions between respondents who had versus respondents who did not have prior awareness, the interaction eﬀects of prior awareness with the other
antecedents were added to the analyses in a second step (see Model 2,
Table 3). Prior to the analyses, the variables were mean-centered to
reduce problems with multicollinearity.
3.2.1. Anger and fear
Hypothesis 1 stated that anger and fear will be felt more strongly
when people perceive more risk and more procedural and distributive
unfairness, and when they have no prior awareness of the HFS and less
trust in the industry that is responsible for the technology.
Table 3, Model 1 shows that people indeed felt signiﬁcantly angrier
when they perceived more procedural and distributive unfairness.
However, the ﬁndings did not conﬁrm that anger is signiﬁcantly explained by perceived risks, trust in industry, or prior awareness.
Furthermore, Model 2 shows that there was a signiﬁcant interaction
eﬀect of prior awareness with perceived environmental outcomes, although the explained variance of Model 2 was not higher than that of
Model 1. The unstandardized β for the inﬂuence of perceived environmental outcomes on anger is −0.17 for the group that had no
prior awareness, and 0.43 for the group that did have prior awareness
of the local HFS (see also Fig. 1, left image). It is possible that several
respondents who had prior awareness of the HFS project, and who
perceived more positive environmental outcomes of hydrogen fuel use,
were angry because they felt that the project was not doing enough to
create a cleaner and sustainable transportation system.3 A local newspaper had reported on opening day that four vehicles would refuel at
the HFS, and that hydrogen technology for other cars was not yet
available [29]. This might have supported the idea that public money
had been misused or that too little eﬀort and too few investments had
3
An additional variable that was measured but not reported was environmental problem perception (see also [45]). This variable measured the scope and likelihood of expected problems with climate change and air pollution in the coming 20 years, due to the
current use of fuels in transport. In the group that had prior awareness, higher environmental beneﬁts had a signiﬁcant positive correlation with environmental problem perception (r2 = 0.28**, p = .01), and anger was signiﬁcantly positively correlated with
environmental problem perception (r2 = 0.22*, p = .04). The same correlations in the
group that did not have prior awareness were not signiﬁcant, had higher p-values, and
were smaller in eﬀect size (r2 = 0.11, p = .17 and r2 = 0.10, p = .19 respectively). This
shows that among those with prior awareness of an HFS project, those who indicated
larger and more likely problems with climate change and air pollution due to current fuel
use at the same time anticipated greater environmental beneﬁts from the HFS and from
hydrogen fuel use in general; they also reported greater anger when thinking of the
project. In this group, anger may thus have resulted from the fact that people think that
the HFS is not a good or suﬃcient way to address serious environmental problems.

3. Results
3.1. Means and correlations
Table 2 reports the correlations between all the psychological
variables. It shows that emotions of the same valence were positively
correlated, with correlations between 0.66 and 0.78. Emotions of
2

The full questionnaire (in Dutch) can be obtained from the author.
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Table 2
Correlations between variables.
Correlations

1
2
3
4
5
6
7
8
9
10
11

Anger
Fear
Joy
Pride
Perceived environmental outcomes
Perceived safety
Perceived usefulness
Perceived procedural fairness
Perceived distributive fairness
Prior awareness (0: no, 1:yes)
Trust in industry

1

2

3

4

5

6

7

8

9

10

.76**
.15*
.17**
−.14*
−.18**
−.10
−.27***
−.24***
−.08
−.18**

.15*
.10
−.16**
−.25***
−.09
−.25***
−.30***
−.14*
−.29***

.67**
.30***
.24***
.25***
.18**
.13*
.10
.24***

.27***
.34***
.23***
.19**
.19**
.19**
.32***

.41**
.22**
.17**
.20**
.09
.29***

.32**
.21***
.17**
.04
.33***

.22***
.05
−.17**
.16*

.18**
.08
.29***

−.04
.35***

.04

*** p < .001.
** p < .01.
* p < .05.
Table 3
The four emotions regressed on antecedents. Betas (p-values) are reported.
Dependent Variable:

Anger

Fear

Joy

Pride

Model 1
Gender (male)
Environmental outcomes
Risks
Usefulness for local citizens
Distributive unfairness
Procedural unfairness
Trust in industry
Prior awareness (no-yes)

−.09 (.129)
−.01(.859)
.09 (.177)
−.03 (.694)
.16** (.009)
.21** (.001)
−.02 (.809)
−.07 (.220)

−.13* (.022)
.02 (.743)
.16* (.017)
.00 (.996)
.19** (.001)
.15* (.017)
−.12 (.052)
−.12* (.037)

.01 (.886)
.18** (.006)
−.05 (.468)
.18** (.004)
−.02 (.762)
−.06 (.305)
.12 (.079)
.11 (.050)

−.01 (.917)
.07 (.250)
−.18** (.005)
.15* (.015)
−.07 (.256)
−.04 (.470)
.18** (.004)
.19** (.001)

R2

.13

.20

.16

.23

Model 2
Gender (male)
Environmental outcomes
Risks
Usefulness for local citizens
Distributive unfairness
Procedural unfairness
Trust in industry
Prior awareness (PA)
Environmental outcomes * PA
Risks * PA
Usefulness for local citizens * PA
Distributive unfairness * PA
Procedural unfairness * PA
Trust in industry * PA

−.07 (.271)
.03 (.710)
.10 (.162)
−.02 (.778)
.16* (.012)
.21** (.001)
−.02 (.816)
−.08 (.197)
.17* (.011)
.09 (.194)
.06 (.347)
−.01 (.830)
−.00 (.966)
−.04 (.555)

−.11 (.066)
.05 (.427)
.16* (.017)
.01 (.895)
.19** (.001)
.15* (.015)
−.13 (.050)
−.13* (.027)
.13* (.047)
.07 (.313)
.01 (.880)
−.04 (.567)
−.00 (.967)
.03 (.701)

.01 (.849)
.19** (.004)
−.05 (.502)
.19** (.003)
−.02 (.364)
−.06 (.314)
.12 (.072)
.11 (.058)
.07 (.258)
.01 (.895)
.01 (.835)
.06 (.365)
.02 (.783)
.06 (.345)

.00 (.994)
.09 (.177)
−.19** (.004)
.14* (.020)
−.05 (.404)
−.05 (.383)
.17** (.007)
.19** (.001)
−.02 (.702)
−.09 (.144)
−.03 (.625)
−.04 (.510)
−.07 (.276)
.06 (.379)

R2

.16

.22

.17

.25

ΔR2 (as compared to model 1)

.03 (n.s.)

.02 (n.s.)

.01 (n.s.)

.02 (n.s.)

N = 271; *** p < .001; ** p < .01; * p < .05; n.s.: not signiﬁcant.

Fig. 1. Relationship between perceived environmental beneﬁts and anger (left image) and fear (right image), depending on prior awareness.
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and has tested them for the ﬁrst publicly accessible hydrogen fuel station (HFS) project in the Netherlands. It has shown that perceived environmental outcomes, perceived risks, perceived usefulness for citizens
living nearby, perceived procedural unfairness, perceived distributive
unfairness, prior awareness, and trust in industry each explained one or
more emotions in the expected directions.
The study shows that factors derived from appraisal theory can be
applied in the context of technology acceptance, and that this can help
explain speciﬁc emotions that energy projects give rise to. In turn, this
paper contributes to appraisal theory by suggesting trust as an additional factor that explains emotions and that reﬂects the social context
in which an event take place. What’s more, while appraisal theory
studies are often limited to examining fairness in a very general way
[41,19], the current study shows that perceived distributive fairness
and perceived procedural fairness each play a distinct role in explaining
the emotions that surround a local HFS project.
While this paper does have several limitations, these can be addressed in further studies. First, it is correlational in nature, and
therefore causality cannot be ascertained. Experimental research will
provide additional evidence about the suggested eﬀects. Second, many
emotions other than the ones included here – such as sadness, contempt, disgust, envy, guilt, and surprise – might also be relevant in the
context of energy technology acceptance and could provide a more
complete picture of the salient emotions. Third, appraisals other than
the ones included here – such as perceived individual control over
personal harm, the perceived extent to which scientists know all the
risks of a technology [13], and others types of immorality besides unfairness [19] – might also play an important role. Fourth, goal signiﬁcance or goal relevance was limited to measuring three perceived
outcomes of the technology, while assuming that these are important to
many people. Further research that combines measurements of goal
importance with goal signiﬁcance could shed fresh light on this matter.
Fifth, the eﬀects of prior awareness discussed here may have resulted
both from novelty and from the fact that respondents obtained diﬀerent
information and had a variety of backgrounds. For instance, they likely
diﬀered in their level of interest in and ties to the local community, in
their amount of news consumption or access to speciﬁc news sources, or
in their interest in technologies in general. Further research could disentangle what underlies the eﬀect of prior awareness on emotions and
to what extent this is explained by novelty in particular.
Finally, the percentage of highly-educated respondents in the
sample (that is, those having at least the equivalent of a BSc degree)
was unrepresentatively high. However, since education was not signiﬁcantly related to the dependent variables, and since the study focused on the relations among variables and not on the mean ratings of
values, the overrepresentation of highly-educated respondents did not
aﬀect the value of the study (cf. [54]).

been made.
No other signiﬁcant interaction eﬀects between prior awareness and
other antecedents of anger have been found, which suggests stable relationships between antecedents and anger.
Furthermore, Table 3 also shows that the level of fear was indeed
signiﬁcantly higher when people perceived more distributive unfairness, more risk, and more procedural unfairness – and when they did
not have prior awareness of the HFS (these factors are listed in order
from strongest to weakest eﬀect). Again, women reported signiﬁcantly
more fear than men. Trust in industry had as strong an eﬀect on fear as
did prior awareness, but the eﬀect was only marginally signiﬁcant
(β = −0.12, p = .052); as expected, fear was higher when a lower level
of trust in the industry was reported. Overall, fear was motivated by
more factors than was anger.
Model 2 shows a signiﬁcant interaction eﬀect of prior awareness
with perceived environmental outcomes, although the explained variance of Model 2 was not signiﬁcantly higher than that of Model 1. The
unstandardized β for the inﬂuence of perceived environmental outcomes on fear is −0.09 for the group that was not aware, and 0.42 for
the group that was aware of the local HFS (see also Fig. 1, right image).
It may be that some respondents who had prior awareness of the HFS
project, and who expected more positive environmental outcomes, reported more fear because only one fuel station would not make much of
a diﬀerence; perhaps they feared the negative outcomes of climate
change and other environmental problems that one small project could
not suﬃciently address. No other signiﬁcant interaction eﬀects between
prior awareness and other antecedents of fear have been found, which
suggests stable relationships between the other antecedents and fear.
3.2.2. Joy and pride
Hypothesis 2 stated that joy and pride will be felt more strongly
when people anticipate more positive environmental outcomes and
more usefulness of the HFS for people living nearby, and when they
have prior awareness of the HFS and more trust in the industry that is
responsible for the technology.
The ﬁndings conﬁrm that associating the HFS with environmental
beneﬁts and local usefulness does indeed cause people to experience
signiﬁcantly higher amounts of joy. Joy was felt marginally more
strongly when people had prior awareness and when they had more
trust in the industry (β = 0.11, p = .050, and β = 0.12, p = .079 respectively). Model 2 shows that there is no signiﬁcant interaction eﬀect
of prior awareness with any of the other antecedents of joy, which
suggests stable relationships between the antecedents and joy.
And indeed, people did become signiﬁcantly prouder when they had
prior awareness, when they had more trust in the industry, and when
they saw the HFS as useful for local citizens. In addition to what was
hypothesized, pride was also felt more strongly when people perceived
less risk (and thus more safety). Pride was not signiﬁcantly stronger
when people perceived more positive environmental outcomes.
If pride only arises in response to what is seen as extraordinary
achievement, then the perceived usefulness and safety of the HFS were
considered extraordinary by the study participants, while the environmental beneﬁts were not. Furthermore, it appears that people need to
have some prior awareness, as well as some trust in those realizing the
achievements, in order to feel a considerable level of pride. Overall,
pride was explained by diﬀerent factors – and by a larger variety of
factors – than was joy. Model 2 shows that there is no signiﬁcant interaction eﬀect of prior awareness with any of the other included
antecedents of pride, which suggests stable relationships between the
antecedents and pride.

5. Recommendations
The three outcome considerations included here – the perceived
outcomes for the environment, the perceived risks, and the perceived
usefulness of the HFS for local citizens – all signiﬁcantly explained the
rating of one or more emotions. This suggests that all three potential
outcomes are important to at least some of the respondents.
Environmental responsibility and safety are also important ethical values, and usability is an important instrumental value, that philosophers
of technology take into account when judging the acceptability of a
technology (e.g. [55,56]). For ethical and practical reasons, decisionmakers should therefore focus on these outcomes when designing,
siting, and communicating about hydrogen technology.
Both the perceived procedural unfairness (measured by assessing
the municipality’s decision to grant a permit) and the perceived unfairness in the distribution of the costs, risks, and beneﬁts of the hydrogen fuel station explained anger and fear. To avoid negative emotional responses, both types of unfairness must be taken into account

4. Discussion
Building on appraisal theory and insights from technology acceptance studies, this article has developed hypotheses for factors that
inﬂuence the anger, fear, joy, and pride elicited by new energy projects,
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