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Abstract

Background: The widespread use of sustainable energy technologies is a key element in the transformation of the
energy system from fossil-based to zero-carbon. In line with this, technology acceptance is of great importance as
resistance from the public can slow down or hinder the construction of energy technology projects. The current study
assesses the social acceptance of three energy technologies relevant for the German energy transition: stationary bat-
tery storage, biofuel production plants and hydrogen fuel station.

Methods: An online survey was conducted to examine the public's general and local acceptance of energy tech-
nologies. Explored factors included general and local acceptance, public concerns, trust in relevant stakeholders and
attitudes towards financial support.

Results: The results indicate that general acceptance for all technologies is slightly higher than local acceptance. In
addition, we discuss which public concerns exist with regard to the respective technologies and how they are more
strongly associated with local than general acceptance. Further, we show that trust in stakeholders and attitudes
towards financial support is relatively high across the technologies discussed.

Conclusions: Taken together, the study provides evidence for the existence of a “general-local” gap, despite measur-
ing general and local acceptance at the same level of specificity using a public sample. In addition, the collected data
can provide stakeholders with an overview of worries that might need to be addressed when planning to implement
a certain energy project.
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production plant

Background

In June 2021, the German Federal Government agreed
on an amendment to the Climate Change Act, aiming
for climate neutrality by 2045. Pulling forward the pre-
vious target by 5 years, the government aims to reduce
emission by 65% by 2030 and introduced a new target of
an 88% reduction by 2040. These ambitious targets also
affect the CO, reduction targets in individual sectors,
including the transport, energy and building sector up
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to 2030 [1]. To reach the German Federal Government’s
goal of achieving net-zero CO, emissions until 2045, an
increased use of renewable energies, efficient energy
use as well as sector coupling are necessary [2]. To facil-
itate the integration of renewable energy sources and
to ensure a stable provision of energy to industry and
society, the energy system transformation relies on new
and emerging technologies. Even though technical fac-
tors ultimately determine to which degree different sec-
tors can be decarbonized, non-technical factors such as
cost, potential environmental impacts, regulation, pub-
lic acceptance and consumer choices will determine the
level of actual progress [3]. In line with this, the cur-
rent study focuses on assessing citizen’s perception of
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three energy technologies by examining their public
acceptance. While active acceptance or public support
[4] of emergent technologies can facilitate political sup-
port and incentivize industry and government to invest
further in their development [5, 6], opposition to new
technologies can result in project delays or even cancel-
ling entire energy infrastructure projects [7].

Generally, representative opinion polls show that
the public is in favor of the energy transition and new
energy technologies in Germany [8]. However, resist-
ance sometimes arises when concrete projects are to
be realized, such as in the case of power lines or wind
farms [9-11]. In the past, this phenomenon of peo-
ple approving of energy technologies in general while
opposing local energy infrastructure projects has been
referred to as the “not in my backyard” (nimby) phe-
nomenon [12, 13]. Recent research has proven nimby
explanations to be too simplistic to explain the motiva-
tions for opposition to energy projects [14], and has put
forward some recommendations to examine whether a
general—local gap actually exists, which we will outline
further below.

The present research was conducted within the Helm-
holtz “Energy System 2050” initiative, which explores
the integration of technological key elements into the
energy system and develops solutions to integrate the
fluctuating renewable energies such as wind or solar
power successfully into German and European energy
systems. The objective of the work was to gain insights
into the acceptance of energy storage technology as
well as technologies for energy carrier utilization. More
specifically, three technologies that are discussed in the
Climate Action Program 2030 by the German govern-
ment [15] are studied:

« grid-scale stationary battery storage systems,
+ biofuel production plants and
+ hydrogen refueling stations.

To better understand the public’s view of these new
technologies, both general and local acceptance are
assessed. Additionally, we assess key variables that have
been shown to influence public acceptance, namely
trust in stakeholders, public concerns and attitudes
towards financial support for the technologies. By
doing so, we will (1) assess whether a general-local
gap exists with regard to the three energy technolo-
gies chosen and (2) assess how public concerns are
related to acceptance. Below, we first briefly introduce
the technologies that are in focus of the current study
by reviewing current energy system scenarios. Sub-
sequently, we introduce factors relevant for the social
acceptance of energy technologies.
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Emerging technologies in the energy sector

Energy scenarios, which describe possible future devel-
opments of the energy system, can help to discern under
which conditions and with which measures the goals as
laid out in the Climate Change act can be achieved. More
specifically, energy scenarios help to explore which tech-
nology options (and combinations) as well as regulatory
measures can significantly contribute to the achievement
of climate targets.

Germany’s ambitious emission reduction targets can-
not be achieved equally well in all sectors [16]. For
instance, reducing emissions in the industrial sector will
be more difficult than in the electric power sector. The
electric power sector currently accounts for a large share
of energy-related CO, emissions in Germany [3]. To date,
the focus for decarbonizing the power sector has been
on increasing the share of renewable energies. Achieving
this will require better integration in the electricity, heat
and transport sector, infrastructure changes as well as the
development of storage technologies to mitigate power
intermittency of renewable energy sources [3, 16]. While
up to a share of around 40—-60% of renewable energy, the
need for increased flexibility in the German electricity
system can be covered by flexibility options other than
new electricity storage, full integration of renewables
into the electricity system is increasingly more difficult
when the share of renewables increases further [17].
With renewables averaging a share of 47.5% of electricity
production in August 2021 [18], the need for new energy
storage will increase over the next years. Currently, the
majority of installed large-scale energy storage comprises
pumped hydro-storage power [19]. Given the fact that
pumped hydro-storage facilities alone cannot cover the
amount of needed storage capacity alone, the need for
increased storage capacity will have to be (partly) cov-
ered by a mixture of storage technologies such as battery
storage, thermal storage or hydrogen covering different
services. Battery storage is expected to play an increas-
ingly important role in adapting the grid on a decentral
level when connecting new renewables such as wind and
solar power plants to smooth out production peaks [17,
20], and the market for battery storage is expected to
grow, with annual additions of storage capacity by battery
storage being expected to overtake annual additions by
pumped hydro-storage by 2023 [21]. Given the fact that
battery storage is expected to play an increasingly impor-
tant role in the energy transition, grid-scale battery stor-
age will be one of the technologies in focus of the current
study.

With regard to renewables, wind energy, solar energy
and biomass currently play a key role in the German
energy system. Most scenario analyses expect espe-
cially on- and offshore wind and solar energy to cover
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the largest share of the total energy consumption in the
future [3, 22—-24]. The use of biomass on the other hand
is debated since it is not regarded as justifiable to grow
crops as biomass for energy production due to competi-
tion for arable land and potential negative environmental
impacts [20, 22]. In line with this, many scenario analyses
expect only biomass that comes from waste and residues
to be used in the future, which is why the contribution
of biomass as an energy source is considered limited in
the future energy system [22, 23]. Even though signifi-
cant differences exists with regard to the expected share
of bioenergy in the energy system, biomass and biofuels
are nevertheless expected to be continued to be used to a
certain extent, as the direct use of electricity from renew-
able energy is not the most efficient and environmentally
friendly way of supplying energy in all consumption sec-
tors [25, 26]. In the mobility sector and industry, liquid or
gaseous energy carriers will probably remain necessary, a
demand that will likely partly be met by biomass. In line
with this, one of the technologies studied in the current
paper are biofuel production plants.

A second energy carrier that is expected to significantly
contribute to meeting the demand for fuel and raw mate-
rials in the industrial and mobility sectors is hydrogen [3,
22, 27]. As outlined in Germany’s hydrogen strategy [27],
only hydrogen that has been produced using renewable
energy (green hydrogen) is considered to be sustainable.
Up to date, green hydrogen is not yet widely used, but is
expected to be established as a decarbonization option.
For instance, green hydrogen could replace the fossil-
based hydrogen that is currently used in many chemi-
cal and industrial processes. In addition, hydrogen is
expected to play a key role for sector coupling as well as
a fuel in transport. As the public will likely be exposed to
hydrogen infrastructure in the transport sector the most,
we investigate the acceptance of hydrogen refueling sta-
tions as one of the key technologies in the current study.
Below, we will discuss the three chosen technologies in
more detail and shortly review past research on the social
acceptance of the technologies.

Stationary battery storage systems (SBS)

Large-scale energy storage is essential for the successful
implementation of the energy transition as it can mitigate
the fluctuating output from renewable energy by storing
excess electricity that is produced and by discharging it
when demand is high [28, 29]. This way, energy storage
systems enable an increased share of renewable energies
in the electrical grid while simultaneously increasing the
resilience and security of supply at the local level [30, 31].
This can reduce, defer or prevent a cost-intensive and
locally undesirable expansion of the electricity grid [32,
33]. France’s grid operator RTE for instance is piloting
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the use of battery storage as virtual power lines, aim-
ing to reduce the need to build new transmission lines
by storing excess wind and solar power in batteries [34,
35]. Overall, research on the acceptance of battery stor-
age systems is still relatively sparse, which emphasizes
the necessity to conduct research on the acceptance of
the technology. Most existing studies indicate that peo-
ple hold positive attitudes towards battery storage tech-
nologies overall [36—39]. On the other hand, qualitative
research also points towards the fact that there are vari-
ous public concerns with regard to the technology that
might decrease acceptance of battery storage in a local
context [37]. More specifically, participants perceived
battery storage as inappropriate on some landscapes,
raised concerns about the loss of living space due to the
technology and mentioned the risk of fire and explo-
sion as safety concerns. Due to the nature of the quali-
tative research, it however remains unclear how public
concerns and general and local acceptance relate to each
other, which calls for a more thorough investigation of
acceptance on different levels.

Biofuel production plants

To date, biomass is one of the most important and flex-
ible renewable energy source in Germany. Regionally
available biomass is used in solid, liquid and gaseous
form to generate electricity and heat and to produce
biofuels, making biomass a very versatile energy carrier.
This way, the use of bioenergy can contribute to ensuring
energy supply security and compensate for fluctuations
caused by other renewable energy sources [40]. Further-
more, biofuels can play a valuable role in reducing carbon
dioxide emissions and are often considered as carbon
emission neutral [41, 42], as the carbon dioxide that is
released when biofuels are burned is equal to the carbon
dioxide that is absorbed by the biomass during its growth
[43]. With biofuels having gained increasing importance
in the field of renewable energies, analyzing its pub-
lic importance is a key issue. For biofuel projects, local
opposition is an issue that can cause project delays and
interrupt operations [44, 45]. Residents living nearby a
biofuel production plant oftentimes report having to put
up with odor and noise emissions induced by the plant
[46, 47], which can influence acceptance.

Hydrogen fuel stations

The German national hydrogen strategy [27] assigns
hydrogen a key role in facilitating the energy transi-
tion. By replacing fossil fuel use in transport, the use of
hydrogen as an energy carrier can reduce air pollution in
cities and the dependence on fossil fuels, provided that
electrical energy from renewable energy sources such
as wind energy or solar power is used for production
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via electrolysis [48]. The main advantage of hydrogen is
that once produced and stored, it can generate electrical
power in a fuel cell, emitting only water vapor and warm
air instead of harmful carbon dioxide and nitrogen oxide
emissions. Also, hydrogen can be used as an intermediate
energy carrier for various power to x paths to produce,
e.g., methane, methanol or ammonia [49]. However, the
production, storage and use of hydrogen still requires
great efforts and large investments in the necessary
technology infrastructure before it can be rolled out on
a wide scale [50]. Thus, hydrogen is currently still a very
expensive energy carrier to use in industrial settings [51].
With regard to research on citizen’s perception of hydro-
gen, studies report low public awareness and knowledge
of hydrogen and associated technologies such as fuel cells
[52] and inconsistent results with regard to the accept-
ance of hydrogen technologies. While some studies sug-
gest that there is widespread support for hydrogen’s
development as a fuel and concerns with safety risks are
rather low [53], other studies report hydrogen technolo-
gies such as hydrogen fuel stations receiving opposition
or low acceptance from citizens [54-56]. More specifi-
cally, studies showed that people have mixed attitudes
concerning the safety and storage of hydrogen near resi-
dential areas [54], that intentions to act against hydrogen
facilities is more strongly based on moral considerations
than on self-interest [55] and that the further the distance
between fuel station and dwelling, the more accepting
people are of the technology [56].

Exploring factors influencing the acceptance of energy
technologies

Previous studies on the acceptance of energy technolo-
gies have shown that factors such as perceived risks and
benefits, trust, perceived fairness and personal norms
influence attitudes and behaviors towards technologies
[57-61]. In the following, we will shortly introduce the
factors examined in the current study.

General vs local acceptance

Public acceptance is a key factor in the diffusion of sus-
tainable energy technologies [62]. While active accept-
ance or public support of emergent technologies can
facilitate political support and incentivize industry and
government to invest further in their development [4,
5], opposition to new technologies can result in project
delays or even cancelling entire energy infrastructure
projects [6]. Various definitions and understandings exist
with regard to the term “acceptance’, with some studies
referring to attitudes when talking about acceptance [63],
while other studies refer to attitudes as “acceptability”. In
the current study, we define the term acceptance as atti-
tudes towards a technology, which some previous studies

Page 4 of 16

have referred to as “acceptability” [57]. Acceptance of
energy technology can be assessed on both a general and
local level. Acceptance on a general level is sometimes
referred to as socio-political acceptance and encompasses
acceptance of technologies and policies by the public, by
key stakeholders and by policy-makers [64]. In the cur-
rent study, we will focus on acceptance of technologies
by the public. General acceptance is usually assessed as
the general attitude towards an energy technology, which
is what is most commonly measured in public opin-
ion polls [65]. However, as energy projects have shown,
general acceptance is not necessarily predictive of local
acceptance of energy projects and resistance towards
technologies can occur despite surveys indicating that a
technology is generally approved of. In line with this, the
relationship between general and local acceptance has
been the subject of some discussion within research, with
critics arguing that using representative opinion poll data
to indicate acceptance towards a technology is painting a
skewed picture [65]. Similarly, other research argues that
even though people may be inclined to express positive
attitudes towards renewables, this does not necessarily
indicate their actual opinion about the issue [13]. Fur-
thermore, local acceptance may be much more depend-
ent on case- and project-specific variables, instead of
general attitudes towards an energy technology [66].
Additionally, some research critique that many studies
that examines the “general-local gap” or “national-local
gap” as they call it oftentimes draws upon two non-corre-
spondent dimensions [14]. More specifically, acceptance
or attitudes towards energy technologies in general are
usually examined at a public or national level, which are
then compared with the local level, namely acceptance
or attitudes towards energy technologies near the place
where people live (e.g., a specific town). To determine
whether a general-local acceptance gap actually exists,
the authors recommend to measure responses regarding
general and local acceptance at the same level of specific-
ity, a suggestions that we adopt in the current study. The
authors furthermore suggest adopting a place-based per-
spective rather than a spatial perspective when assessing
local acceptance using a local sample. In this way, studies
could better focus on how individuals and groups living
in different places make sense of energy infrastructures
and respond to it by taking into account their relation-
ships with and feelings about those places. As we only
measure acceptance using a national/public sample in the
current study to assess general acceptance and accept-
ance of technologies close to people’s homes at the same
level of specificity, this recommendation does not con-
cern the measures in the current study. Last, the authors
suggest assessing more than simply attitudes towards
energy technologies and to include other additional
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variables such as trust or the perceived outcomes of
energy infrastructures when consulting a national/public
sample. We follow this recommendation and explain our
choice of further variables below.

Public concerns

Research has shown that perceived risks and benefits
play an important role when it comes to public accept-
ance of technologies [57, 67—69]. Most studies exam-
ine risks and benefits on a rather general level, such as
by asking respondents how useful, positive or safe they
judge the technologies [70]. Risks and benefits assessed
in this way have been shown to be (in)directly associated
with general and local energy technology acceptance [70,
71]. Some studies however recommend placing the focus
on specific costs and benefits perceived by local residents
when studying the local acceptance of energy technolo-
gies [47] as local acceptance can be much more depend-
ent on project-specific variables [66]. For instance, in
the case of biogas, unpleasant smells are a cost associ-
ated with local acceptance [47], whereas for wind energy,
the visual impacts of the technology have been shown
to be associated with local acceptance [72]. In line with
this reasoning, we assess which specific public concerns
are perceived with regard to the three technologies and
examine whether they are more strongly associated with
local compared to general acceptance.

Trust in stakeholders

When technologies are still relatively unknown, public
acceptance is strongly influenced by trust in stakehold-
ers, as lay judgements of a technology may be based on
assessments of those who are responsible for the tech-
nology and who are deemed technical experts [73, 74].
Generally, trust in stakeholders responsible for the tech-
nology is associated with higher acceptance of the tech-
nology. Several studies have examined the role of trust in
stakeholders and have found that it can influence accept-
ance via both perceived risks and benefits of a technol-
ogy as well as affective responses towards a technology.
For instance, a study on hydrogen systems found that
people who had a negative evaluation of trust in stake-
holders and negative affective spontaneous associations
perceived more risks and fewer benefits of the technol-
ogy [75]. Similarly, a study on the acceptance of CO, stor-
age found that people’s attitudes towards the technology
were mainly based on trust and affective reactions [73].

Attitudes towards financial support/funding

Last, we will examine attitudes towards financial support/
funding. Technologies that receive funding or financial
support from the government are more likely to be rolled
out on a broader scale in the future. Therefore, assessing
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attitudes for financial support can serve as another indi-
cator towards support for new technologies. As attitudes
towards financial support/funding are examined on a
general level (i.e., not for an energy project in a certain
location), we expect attitudes towards financial support/
funding to be associated with general acceptance but not
local acceptance.

Methods

We created an online survey to examine the factors that
influence the social acceptance of energy technologies.
First, the participants received a one-page description of
one of the technologies, including a picture of the tech-
nology. This way, we wanted to ensure that participants
had a common knowledge base to evaluate the technolo-
gies. Subsequently, different factors that may influence
energy technology acceptance were examined. Explored
factors included public concerns, knowledge about the
technologies, perceived problems of the current energy
system, trust in industry and municipality, affect, and
environmental self-identity. In the current paper, we will
report results on the factors public concerns, trust in
stakeholders (industry and municipality), financial sup-
port and acceptance (general and local). Additionally,
we assessed both general and public acceptance of the
three technologies. All items were answered on 5-point
Likert scales. Data were collected by distributing the
survey via the open scientific survey panel “SoSci Panel”
as well as social media channels. The survey was com-
pleted by 1247 participants, with the participants being
about equally distributed across the three technologies
(hydrogen fuel stations n =409, biofuel production plants
n=416 and stationary battery storage n =422).

Measurements
Public concerns Public concerns with regard to the three
energy technologies were measured with one ques-
tion [Which of the effects listed below do you fear when
using such systems?]. Based on input from expert inter-
views as well as the literature, seven public concerns were
included as answer possibilities, with an additional open
text field to mention any additional concerns [electros-
mog, odor pollution, noise pollution, air pollution, fire
hazard, risk of explosion, negative impact on the land-
scape or urban landscape, other—if you fear "other" effects
under the previous question, you are welcome to tell us
about them.]. The same answer options were presented
independent of which technology the participants were
asked to evaluate. This way, we wanted to ensure not to
steer the participants by only providing concerns com-
monly associated with a certain technology.

Attitude towards financial support Attitudes towards
financial support for the technologies were measured
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with one item [I approve that such plants are financially
supported], which was answered on a 5-point Likert scale
[1=strongly disagree, 5= strongly agree].

Trust in stakeholders Trust in industry was measured
with three items: I trust that the governmental authori-
ties will: (1) ensure that safe technology plants will be
built; (2) have the relevant expertise to successfully
build a safe technology plant; (3) will operate the plant
safely [1=strongly disagree, 5=strongly agree]. Trust in
municipality was measured with four items: I trust that
the governmental authorities will (1) take the concerns
of residents into account; (2) make a responsible decision
on whether or not to build the technology; (3) ensure
that safe technology plants will be built; (4) execute
safety checks to ensure the safe operation of the plant
[1=strongly disagree, 5= strongly agree].

Acceptance General acceptance was measured with
the item “Overall, I rate such systems as..” [I=very
negative, 5=very positive], whereas local acceptance was
measures with the item “I have no problem with the con-
struction of such a facility next to my place of residence”
[1=strongly disagree, 5= strongly agree]. In this way, we
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measure general and local acceptance at the same level of
specificity when using a national/public sample, as rec-
ommended by Batel and Devine-Wright [14].

Results

Socio-demographic profile

Out of 1247 respondents, 52% were male and 47% female,
the gender of 1% of the respondents is unknown. Most
of the participants had a high educational level, 67% had
attained a university degree and 23% had completed high
school. About half of the participants were in employ-
ment (55%), while students represented the second most
frequently named profession (21%). The median category
given for age was 40—49 years (see Fig. 1). As the sample
contained a large share of participants holding a univer-
sity degree, the data are not fully representative of the
German population in this regard [76].

Public concerns

The most frequently mentioned concerns differed with
regard to the nature of the respective technologies (see
Fig. 2). For stationary battery storage systems, the most
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Fig. 2 Public concerns regarding stationary battery storage, biofuel production plants and hydrogen refueling stations

frequently mentioned concerns included fire hazards
(56%) and explosion hazards (51%). About a third of the
participants were also concerned about electrosmog
(32%) and of battery storage plants having a negative
impact on the landscape and cityscape (28%). The least
frequently mentioned concerns included noise pollu-
tions (20%), smell pollution (2%) and air pollution (2%).
Additional concerns that were provided by the partici-
pants in the empty text field included concerns about the
environmental impact of the technology (production and
disposal, unsustainable raw materials, impairment of for
a and fauna), concerns about costs related the use of the
technology (disposal costs, decline in land and property
values, high taxes) as well as safety and health concerns,
which were related to the answer possibilities already
provided (health risks from electromagnetic fields, severe
fires and toxic smoke, risk of accidents). With regard to
biofuel production plants, over two-thirds of the par-
ticipants were concerned about smell pollution (78%),
whereas the second most frequently mentioned concerns
included noise pollution (48%) and a negative impact on
the landscape and cityscape (44%). Air pollution (23%),
explosion hazards (20%) and fire hazards (19%) were
mentioned as concerns about equally often, while elec-
trosmog (3%) was only mentioned by a small percentage
of the participants. Additional concerns that were pro-
vided by the participants in the empty text field included
concerns about the costs related to the use of the tech-
nology (increased land prices and prices of other biomass
product such as animal feed and food, monopolization of
arable land), environmental concerns (pollution of land,
water and air due to high methane load and the import of

biomass from tropical forests, endangerment of natural
humus formation), concerns related to traffic (increased
traffic volume leading to higher air and nose pollution
and overcrowded roads) as well as concerns related to
land use and the usefulness of the technology (cultiva-
tion of crops for biomass will lead to an imbalance in the
use of raw materials, monocultures and competition with
organic food production).

With regard to hydrogen refueling stations, explosion
hazards (64%) and fire hazards (37%) were the most fre-
quently mentioned concerns. Furthermore, about a quar-
ter of the participants mentioned noise pollution (25%)
and a negative impact on the landscape and cityscape
(19%) as concerns, whereas electrosmog (4%), smell pol-
lution (4%) and air pollution (3%) were barely mentioned
as concerns. Additional concerns that were provided by
the participants in the empty text field included con-
cerns about the costs related to the use of the technol-
ogy (high production costs of hydrogen, failing property
values), environmental concerns (consequences on the
water economy, noise pollution, threat to flora and fauna,
consequences of the haze and increased humidity), safety
concerns (target for terrorist attacks, risk of explosion),
as well as concerns regarding the usefulness of the tech-
nology (use of fossil fuels for hydrogen production, con-
tinuation of current transport concept with emphasis on
individual transport).

Trust in stakeholders

With regard to trust in stakeholders, the majority of
respondents across the three technologies indicated to
trust the industry and municipalities (see Fig. 3). While
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Fig. 3 Trustin industry and municipality with regard to the potential construction of stationary battery storage, biofuel production plants and
hydrogen refueling stations

the percentages of participants who indicated to strongly
agree ranged between 13 and 15% for both trust in indus-
try and municipality across the technologies, around 50%
of participants indicated to rather agree with regard to
trusting the industry (46% for stationary battery storage,
43% for biofuel production plants, 48% for hydrogen refu-
eling stations) and municipality (47% for stationary bat-
tery storage, 47% for biofuel production plants, 56% for
hydrogen refueling stations). Relatively few respondents
indicated not to have trust in the industry and munici-
palities. Noticeably, a rather large share of participants
seemed to be undecided about whether they trusted the
relevant stakeholders. With regard to trust in industry,
28-30% of participants indicated to be undecided about
whether they trusted industry stakeholders (28% for
stationary battery storage, 30% for biofuel production
plants, 28% for hydrogen refueling stations). With regard
to trust in municipalities, the percentages were very simi-
lar, with 25-30% of participants indicating to be unde-
cided (30% for stationary battery storage, 29% for biofuel
production plants, 25% for hydrogen refueling stations).

Attitude towards financial support

Most participants had rather positive attitudes towards
financial support for the three technologies (see Fig. 4).
For stationary battery storage, the majority of respond-
ents either strongly (45%) or rather agreed (30%) to the
technology to be financially supported. For biofuel pro-
duction plants, 18% of respondents strongly agreed to
the technology to be financially supported, whereas 50%

rather agreed to this. Last, for hydrogen refueling sta-
tions, 28% of respondents were strongly in favor of finan-
cial support towards the technology, while 51% were
rather in support of this. For all three technologies, only
few respondents (less than 10%) were against the tech-
nologies receiving financial support. About 12-18% of
respondents indicated to be undecided about whether
the technologies should be financially supported.

Public acceptance of emerging technologies

Overall, the three technologies were evaluated as fairly
positive, meaning that general acceptance of all three
technologies is high (see Fig. 5). With regard to stationary
battery storage, 37% of the participants indicated to per-
ceive the technology as very positive. Biofuel production
plants were evaluated as very positive by 16% of the par-
ticipants, whereas hydrogen refueling stations were rated
as very positive by 25% of the participants. Furthermore,
for all three technologies, about half of the participants
evaluated the technologies as rather positive (48% for sta-
tionary battery storage systems, 58% for biofuel produc-
tion plants, 50% for hydrogen refueling stations). Only
few participants indicated to perceive the technologies
negatively. For both biofuel production plants and hydro-
gen refueling stations, about a fifth of the participants
were undecided with regard to the technologies (17% for
biofuel production plants, 20% for hydrogen refueling
stations). With regard to stationary battery storage, only
10% of respondents indicated to be undecided about the
technology.
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Fig. 4 Attitudes towards financial support for the three energy technologies stationary battery storage, biofuel production plants and hydrogen
refueling stations
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Fig. 5 General acceptance of stationary battery storage, biofuel production plants and hydrogen refueling stations

When asking the participants whether they would
accept the technology to be placed near their homes
(local acceptance), the participant’s responses were
slightly less positive than when asked about whether
they would accept the technologies in general (see
Fig. 6). With regard to stationary battery storage sys-
tems, 37% strongly agreed to accept the technologies to
be placed close to their homes, for biofuel production
plants, 16% strongly agreed and for hydrogen refueling
stations, 25% strongly agreed. Furthermore, around
40% of the participants indicated to rather agree to this
(39% for stationary battery storage systems, 41% for
biofuel production plants, 42% for hydrogen refueling

stations). Between 9 and 18% of the participants indi-
cated to rather disagree with regard to the technologies
being placed close to their homes (13% for stationary
battery storage systems, 18% for biofuel production
plants, and 9% for hydrogen refueling stations). Only
a small percentage of participants strongly disagreed
with having one of the technologies in the vicinity of
their homes. Last, with regard to all three technologies,
about a fifth of the participants were undecided about
whether they would accept the technologies close to
their homes (21% for stationary battery storage sys-
tems, 21% for biofuel production plants, and 20% for
hydrogen refueling stations).
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Fig. 6 Local acceptance of stationary battery storage, biofuel production plants and hydrogen refueling stations
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Table 1 Bivariate correlations (Spearman’s rank order) between
public concerns and financial support, general acceptance and
local acceptance for stationary battery storage

Table 2 Bivariate correlations (Spearman’s rank order) between
public concerns and financial support, general acceptance and
local acceptance for biofuel production plants

General acceptance Local acceptance

General acceptance Local acceptance

Electrosmog —0.002 —0.338**
Smell pollution —0.044 —0.073
Noise pollution —0.048 —0.176**
Air pollution —0.088 — 0.145**
Fire hazard —0.114* —0.125%
Explosion hazard —0.074 — 0.204**
Negative impact on land- — 0.081 — 0.235**
scape and cityscape

Financial support 0.595** 0.217%*
General acceptance - 0.361**
*p<0.05

**p<0.01

Associations between public concerns, public acceptance
and financial support

To look at the relationship between public concerns
and acceptance, Spearman’s rank correlation coeffi-
cients were examined. No associations between public
concerns and general acceptance were found, except for
few weak associations (r,<0.2) that are not reported in
detail here. On the other hand, some moderate asso-
ciations (r,>0.2) between public concerns and local
acceptance were found. For stationary battery storage
systems, moderate association between local accept-
ance and electrosmog (r,=— 0.338, p<0.001), explo-
sion hazard (ry=— 0.204, p<0.001) and negative
impact on the landscape and cityscape (r,=— 0.235,

Electrosmog —0.006 —0.120%
Smell pollution 0.114% —0.059
Noise pollution 0.039 —0.171**
Air pollution —0.125* — 0.241**
Fire hazard 0.001 —0.064
Explosion hazard 0.026 —0.048
Negative impact on land- — 0.054 — 0.204%*
scape and cityscape

Financial support 0.604** 0.345%*
General acceptance - 0.380**
*<0.05

**p<0.01

»<0.001) were found (see Table 1). For biofuel produc-
tion plants, moderate association between local accept-
ance and air pollution (r,=— 0.241, p<0.001) as well as
negative impact on the landscape and cityscape (r;=—
0.294, p <0.001) were found (see Table 2). For hydrogen
refueling stations (see Table 3), the only moderate asso-
ciation between local acceptance and a public concern
was found for explosion hazard (r,=— 0.223, p<0.001).

Additionally, we examined the correlations between
public acceptance and financial support for the energy
technologies. Across all technologies, financial sup-
port and general acceptance were strongly correlated
(r,=0.595, p<0.001 for stationary battery storage sys-
tems, r,=0.604, p <0.001 for biofuel production plants,
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Table 3 Bivariate correlations (Spearman’s rank order) between
public concerns and financial support, general acceptance and
local acceptance for hydrogen refueling stations

General acceptance Local acceptance

Electrosmog — 0.132** — 0.150**
Smell pollution —0.095 —0.106*
Noise pollution —0.060 —0.114*%
Air pollution — 0.154** —0.128**
Fire hazard — 0053 —0.153**
Explosion hazard — 0.069 —0.223**
Negative impact on land- — 0.107* — 0.156**
scape and cityscape

Financial support 0.560** 0.340**
General acceptance - 0.333**
*p<0.05

*p <001

and r,=0.560, p<0.001 for hydrogen refueling sta-
tions). Furthermore, financial support was moderately
correlated with local acceptance (r,=0.217, p<0.001
for stationary battery storage systems, r,=0.345,
p<0.001 for biofuel production plants, and r,=0.340,
p<0.001 for hydrogen refueling stations).

Discussion

The current study supports and extends findings with
regard to common public concerns about the three tech-
nologies studied: stationary battery storage, biofuel pro-
duction plants and hydrogen refueling stations. The most
frequently mentioned concerns with regard to station-
ary battery storage include fire and explosion hazards,
followed by electrosmog and the technology having a
negative impact on the landscape and cityscape. These
results go in line with previous results from a qualitative
study conducted in the UK [37], which mentioned fire
and explosion hazards as well as electromagnetic radia-
tion as perceived risks. The study also reports that sta-
tionary battery storage systems may be more acceptable
if situated out of the way or if the technology fit in with
the environment, a finding that is consistent with par-
ticipants in our study indicating to be concerned about
the negative impact of the technology on the landscape
or cityscape. About a fifth of the participants in our
study mentioned noise pollution as a concern, a finding
that was not reported in previous studies. An additional
concern that was mentioned by some participants in the
open text field included environmental impacts, more
specifically with regard to the raw materials and produc-
tion and disposal of the technology, which is a concern
that was also found in the study by Thomas, Demski and
Pidgeon [37]. With regard to biofuel production plants,
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the most commonly mentioned concern in our study
was smell pollution, followed by noise pollution and the
technology having a negative impact on the landscape
and cityscape. These concerns go in line with previous
studies conducted in Switzerland and Austria. In a study
on the local acceptance of existing biogas plants in Swit-
zerland [47], the authors found that smell perception
influences acceptance indirectly via perceived benefits
and risks as well as trust. Furthermore, results of a study
based on expert interviews indicate that low acceptance
of biogas plants in Austria is related to complaints about
high levels of smell, noise and traffic by residents, which
can result in planned projects having to be scaled down
or shut down [77]. A concern not commonly reported
in previous studies was biofuel production plants hav-
ing a negative impact on the landscape. Potentially, the
visual impact of energy infrastructure increasingly con-
cerns citizens as more and more new energy infrastruc-
ture is introduced as the energy transition progresses. For
hydrogen fuel stations, the most frequently reported con-
cerns were explosion hazards and fire hazards, followed
by noise pollution and the technology having a negative
impact on the landscape and cityscape. Especially the risk
of explosion is a commonly reported safety concern in
studies on hydrogen acceptance [52, 78], with hydrogen
often being associated with explosions and fire. As a lack
of trust in safety is associated with opposition to hydro-
gen infrastructures, such concerns need to be taken very
seriously during the planning process of the technology.
With regard to public acceptance, our results sug-
gest that for all three technologies, general acceptance
is slightly higher than local acceptance. These results
go in line with previous findings, which indicate that
even though some surveys report people approving of
new energy technologies [8], public opposition often-
times arises when concrete energy infrastructures are
intended to be built [9-11]. The finding that general and
local acceptance differ has important implications, as it
underlines the importance of distinguishing these con-
cepts when studying public acceptance. Public opinion
surveys usually measure acceptance on a general level,
which can create a skewed picture of technology accept-
ance if one assumes that data on general acceptance will
directly translate into acceptance on a local level [65].
When asked on a general level, people may be inclined
to express positive attitudes towards sustainable energy
technologies [13]. However, this not necessarily express
their actual opinion on the issue, which might differ
when asked about acceptance of technologies close to
one’s home. Importantly, the current study shows that
there is a gap between general and local acceptance,
even if it is assessed at the same level of specificity (i.e.,
measuring general and local acceptance at the same level
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of specificity using a public/national sample). In other
words, the results indicate that people can relate to the
issue even if they are not directly affected, but merely
asked to provide their opinion about a fictional situation.

Public concerns were shown to be associated with local
acceptance, but not with general acceptance besides a
few exceptions. Associations between public concerns
and local acceptance differed per technology. Even
though causality cannot be assumed due to the nature of
the study, the results can nevertheless provide an indi-
cation of the specific concerns that may inhibit local
acceptance of the technologies and lead to opposition
when specific energy infrastructure projects are planned.
This way, public concerns can be addressed upfront and
trust in safety measures can be built. In addition, these
results point towards the fact that it might be helpful to
include more specific concerns in future studies, as to
date, mostly risks on a general level are included in most
research [70].

Trust in industry and stakeholders was high across
all three technologies. What was noticeable about trust
in stakeholders was that across all technologies and for
both trust in industry and stakeholders, a relatively large
share of respondents (30%) indicated to be undecided
about whether they trusted the stakeholders. As previ-
ous research has shown that trust in stakeholders is an
important predictor of acceptance [73, 74], this is a rel-
evant issue in need of further analysis. Attitudes towards
financial support of the three energy technologies were
relatively high across all the technologies. As expected,
financial support and general acceptance were corre-
lated across all three technologies. This finding goes in
line with previous research on climate engineering tech-
nologies, which also reports a strong correlation between
support for further research and support for deployment
of technologies [79]. As the majority of studies focuses
predominantly on the predictors of public acceptance
of energy technologies, future research could explore
whether similar factors, such as perceived benefits of the
technology, are associated with attitudes towards finan-
cial support of energy technologies.

Conclusion and policy recommendations

In the current study, we aimed to examine the social
acceptance of three emerging energy technologies: sta-
tionary battery storage, biofuel production plants and
hydrogen refueling stations. In light of this, we assessed
public concerns, acceptance (general and local), trust in
stakeholders, as well as financial support for the tech-
nologies. Following the recommendations by Batel and
Devine-Wright [14], we assessed acceptance of technolo-
gies in general as well as acceptance of technologies close
to people’s homes at the same level of specificity, using
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a public/national sample in the current study. Similarly
to the results of Batel and Devine-Wright, we did see a
difference with regard to general and local acceptance,
despite only referring to a fictional scenario with regard
to local acceptance in our study. Overall, the results indi-
cate that acceptance of all three technologies was fairly
high in general, which was also reflected in the partici-
pant’s attitudes for financial support. Local acceptance
of the technologies was slightly lower, but no pattern of
strong opposition could be seen. This indicates that even
though participants were not “directly” affected by the
placement of energy technologies close to their homes,
they could still relate to the issue. In other words, even
though the study indicates that there is a gap between
general and local acceptance, this finding disputes the
prevalent representation of energy users as nimbys,
namely people who are selfish, irrational and only con-
cerned with issues around energy technologies when they
are affected directly “in their own backyards”. In practice,
these results illustrate the added value that surveys into
the public acceptance of technologies can provide, even if
people who do not have direct experience with a certain
energy technology are surveyed. As it can be time-con-
suming to consult local samples, we recommend assess-
ing general and local acceptance using public/national
sample as a first step to gauge whether there are indica-
tions for local opposition towards technologies. Should
such a study indicate that this can be the case, consulting
a local sample would then be a feasible second step when
planning energy infrastructure in a certain community
or town. In line with this, this approach would also be
helpful to assess potential public concerns that can influ-
ence acceptance at a local level, a similar approach can be
adopted. Using a public/national sample, assessing public
concerns by means of a survey can provide stakeholders
with an overview regarding worries that might need to be
addressed when planning to implement a certain energy
project. Once a clear picture exists with regard to the
public concerns that exist among the public with regard
to certain new energy technologies, further measures can
be taken to address the concerns identified. As shown
in our study, some of the public concerns that emerged
are unlikely to happen in real life. As public concerns
are associated with local acceptance, we suggest these to
be addressed upfront with the help of transparent com-
munication efforts. This way, misconceptions about the
technologies and associated costs and risks could be pre-
vented. Nevertheless, it needs to be kept in mind that
information provision, which is a public form of public
involvement, is not necessarily sufficient to secure pub-
lic support. In addition, even though we consider knowl-
edge about public concerns as vital to planning energy
projects, policy-makers and practitioners should refrain
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thinking of energy infrastructure plans as “top-down”
processes that the public should seemingly accept. On
the contrary, if valid public concerns exist, these should
be taken seriously. Previous research shows that even
though public involvement is not an easy remedy with
regard to acceptance issues surrounding energy pro-
jects, acceptance may be higher if people believe that the
decision-making process is fair, and if they feel that their
interests are considered [59]. On the other hand, if peo-
ple feel as if their concerns are not actually heard, public
involvement can even backfire and dampen acceptance
[81].

Limitations and avenues for future research

Despite the exploitation of a large dataset, the current
study is subject to a number of limitations. With par-
ticipants of certain age groups, professions and educa-
tional background being overrepresented, the sample
is not fully representative of the German population.
Furthermore, with regard to assessing local acceptance,
we presented the participants with a fictional situa-
tion. The results obtained in the current study are help-
ful in some ways, but also are subject to a drawback.
While the results provide support for the existence of
a general-local acceptance gap even when measuring
acceptance at the same level of specificity which shows
that people still relate to issues around energy projects
[14], people’s reactions to the implementation of the
technologies might still deviate in real life when using
a local sample. For instance, there could be a degree
of response bias, as potential risks and drawbacks of
having one of the technologies built in the vicinity of
people’s home might be of even stronger personal rel-
evance in real life than when answering to an imagined
situation in a survey. Future studies could compare
general and local acceptance using both national/pub-
lic and local samples of participants who are faced
with the implementation of a concrete energy project
close to their homes, ideally before and after the energy
infrastructure is built. This would enable to better
understand how results regarding local acceptance are
influenced by the research design and sample used in a
study. In line with this, public concerns related to spe-
cific energy technologies and their influence on local
acceptance could as well be examined in more detail. In
the current study, we include specific concerns instead
of simply measuring whether perceived risks at a gen-
eral level influence acceptance. While we think that
this approach taken has some advantages over sim-
ply measuring perceived risks in general, future stud-
ies could use qualitative method to more thoroughly
understand people’s concerns through a “place-based”
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lens. For instance, what does it mean to them when the
new technology X is introduced in their community?
How do they expect the new technology to affect their
community? Do they have specific place-related wor-
ries that affect their perception of the new technology?
Gaining an understanding of people’s perception in this
way could help to better manage how a specific energy
project needs to be planned and adapted to a certain
community. With regard to trust in stakeholders, a rela-
tively large share of participants indicated to be unde-
cided about whether they trusted the stakeholders in
the current study. As it is unclear whether this is due
to the fact of some of the technologies being relatively
unknown, future studies could explore which factors
influence trust, such as knowledge about the technolo-
gies. Additionally, it would be interesting to examine
whether technological incidents affect trust in differ-
ent stakeholders. In line with this, future studies could
explore whether trust in stakeholders changes in the
long term after technological incidents happen, but also
whether technological incidents with regard to simi-
lar technologies influences trust and thereby accept-
ance. For instance, it would be interesting to examine
whether fire incidents related to battery electric vehi-
cles (BEVs) not only affect attitudes and trust towards
BEVs, but also towards other battery technologies, such
as battery storage. In conclusion, future studies can
extend our knowledge about best practices in terms of
using both public and local samples when assessing the
social acceptance of energy technologies as well as fac-
tors influencing acceptance.
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