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A B S T R A C T

Distributed energy systems (DESs) on a local scale constitute a promising niche to leverage the provision of
renewable energy. DESs such as micro-cogeneration and multi-energy hubs integrate renewable energy sources,
small-scale combined heat/power production, various energy storage methods, and active demand-side man-
agement. Research on adopting these systems within existing neighborhood contexts remains scarce, however,
particularly on the role of local actors such as local energy utilities, ownership, and the spatial scale of im-
plementation for accelerating the adoption of DESs. In this study, we conducted a systematic review of the
relevant scientific literature on the adoption and social acceptance of DESs, followed by a series of semi-
structured interviews with representatives of DES pilot implementations. Our findings indicate that local co-
ownership and awareness of local benefits tend to improve the acceptance of distributed energy infrastructures.
The study found that established energy actors such as energy utilities and grid operators currently test DESs on a
local scale in terms of the systems' technical and financial feasibilities. The study also identified major regulatory
and structural barriers to DES market adoption that must be overcome to accelerate the current rate of niche
development; the study thus contributes to developing DES adoption strategies. We provide future research
trajectories that would address the role of spatial proximity and deployment models to attain a more dynamic
understanding of the social acceptance of new energy technologies.

1. Introduction

Numerous countries now have the significant deployment of low-
carbon-energy technologies on their policy agendas. Countries such as
Great Britain, India, Germany, and Switzerland [1–4] have all defined
transformation targets for their existing energy regimes that are driven
by growing concerns about climate change and updated risk evalua-
tions of nuclear power following Japan's 2011 Fukushima nuclear ac-
cident [5–7]. In combination with improvements to energy efficiency,
the rapid increase in renewable energy supply is widely considered to
be a transitional pathway to achieving more sustainable energy sys-
tems. The use of large amounts of fluctuating renewable energy, how-
ever, requires spatial and temporal flexibility in terms of power gen-
eration, short- and long-term energy-storage capacities, efficient
conversion technologies, and reliable grid architectures [8,9].

One way to deploy this type of embedded renewable energy pro-
duction regime is to use distributed energy systems (DESs) such as
micro-cogeneration and local energy hubs. These DESs integrate re-
newable sources such as photovoltaics (PV) and wind, enable small-

scale combined heat and power (CHP) production, use various energy-
storage methods, and implement active demand-side management of
numerous small and geographically scattered generation sites [10].
These systems offer several advantages, including balancing excess
power production (such as from PV or wind) with energy storage and
demand-side management; efficiently co-generating electricity and
heat, thus contributing to the reduction of CO2 emissions; and in-
creasing cost-effectiveness through an optimal combination of com-
plementary production and demand [10,11]. But because DESs are
complex systems that enable the integration of several interconnected
technologies for the exchange of electric, thermal, and chemical energy
(as well as operating information), the design, development, and
adoption of such systems in specific contexts all present a variety of
challenges. These challenges range from the selection of an optimal set
of technological components to the settling of potential conflicts among
the different stakeholders involved in the implementation.

One focal area for the study of transitions toward the adoption of
new energy technologies is often these technologies’ acceptance by
different societal actors. For this reason, a large body of literature has
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discussed the acceptance of single renewable energy technologies [e.g.,
[12,13]], while scientific studies that specifically analyze the accep-
tance of DESs that combine renewable energy generation, energy con-
version, and energy storage in local distributed structures remain
scarce.

The acceptance of new energy technologies is a broad concept that
several different scientific disciplines have examined, although to date,
a coherent overview of this knowledge across different scientific dis-
ciplines is nonexistent. In addition, DES implementations that integrate
renewable energy generation, conversion, and storage are currently
increasing in number yet still remain niche developments within cen-
tralized energy regimes, for example in the United States [14], Great
Britain [15], Germany [16], and Switzerland [17]. Their diffusion
process is thus still in its infancy. Little to no empirical work has been
undertaken to examine how these systems might further evolve from
their technological niches. A systematic review of the scientific litera-
ture on the acceptance of DESs across disciplines and an examination of
initial empirical insights from pilot applications will thus help to
identify barriers to and drivers for the adoption of DESs.

1.1. Conceptual background of distributed energy systems

DESs may be defined as units that convert and store energy and are
located close to energy consumers [18]. A DES application may com-
prise renewable sources such as PV, solar thermal collectors, hybrid
collectors, or wind turbines for local power generation that are com-
bined with various local- and regional-scale distribution technologies.
Such technologies may consist of smart grids, microgrids, or district
heating/cooling networks as well as local capabilities for power storage
and conversion, including batteries and power-to-gas conversion,
among other technologies [10]. Ackermann et al. [19] argue that DESs
may differ according to “the purpose, the location, the power scale, the
power delivery, the technology, the environmental impact, the mode of
operation, the ownership, and the penetration of distributed genera-
tion” (p. 196). A variety of different types of DESs are thus currently in
use, including energy hubs [10], micro-cogeneration systems [20,21],
and distributed generation within smart grids [6]. Among these dif-
ferent types of DESs, an energy hub may be thought of, as Parisio states,
a “decentralized multi-generation energy system” comprising “func-
tional units where multiple energy carriers are converted, stored, and
dissipated” [22, p. 98]. An energy hub may range from an individual
building to a city neighborhood, a city quarter, or an entire city [10].

Cogeneration or CHP production is, as Pehnt states, “the process of
producing both electricity and usable thermal energy at high efficiency
and near the point of use” [21, p. 1]. Micro-cogeneration refers to
particular small-scale CHP units. Whereas the European Union defines a
micro-cogeneration system as one with a maximum capacity below
50 kWel [23], Pehnt [21] prefers to restrict the definition to single units
below 15 kWel. Recent studies have extended the approach of cogen-
eration and micro-cogeneration to the concept of polygeneration, which
Rong defines as “the simultaneous generation of two or more energy
products in a single integrated process” [24]. This means that poly-
generation involves CHP production as the basic form but may also
occur as the trigeneration of heat, cooling, and power (known as
CHCP), particularly in small-scale contexts.

Distributed generation in smart grids focuses on specific char-
acteristics of the grid technology. Smart grids enable flexibility in
electricity networks and are meant to facilitate distributed generation,
preferably from renewable sources [6]. Smart-grid approaches may be
applied on different spatial scales. For example, small grid units or
microgrids might operate either independently or in conjunction with
the regular transmission grid to meet the demands of different energy
consumers [25].

Whether the different types of DESs differ in terms of their social
acceptance is currently unknown. According to Fischer [26], micro-
cogeneration “blurs the boundaries between energy consumers and

producers” (p. 118). A broad range of individual and corporate users of
cogeneration currently exists; Fischer argues that these users’ motiva-
tions to adopt cogeneration technology follow “different mixtures of
producer and consumer logic” [26]. Accordingly, heterogeneous pat-
terns of technology acceptance may occur.

1.2. Acceptance of energy technologies

The implementation of energy technologies is not simply a function
of technological optimization and economic feasibility; the develop-
ment is also considerably determined by social-acceptance issues.
Following the arguments of Wüstenhagen et al. [12], the concept of
acceptance is key to the question of beneficial or hindering conditions
for the implementation of new energy technologies. The acceptance of
energy technologies is a broad concept that has been widely applied
across different scientific disciplines. Several definitions of the concept
have been proposed because of this diversity of research perspectives.
Energy-technologies acceptance may be defined as an affirmative reply
or a positive attitude toward a technology or measure that is likely to
lead to supporting behavior for the respective technology if necessary
or requested. The social acceptance of energy technologies can also be
described as the counteracting of resistance, whereas acceptance that
solely consists of an attitude lacking in supportive behavior may be
described as “tolerance” or passive acceptance [7,27].

Previous research has focused on (a) the socioeconomic dimensions of
acceptance as well as the (b) spatial and temporal aspects and (c) psycho-
logical factors associated with acceptance. As Devine-Wright et al. have
noted, the study of the social acceptance of energy technologies “has blos-
somed over the last decade” [27; p. 27]. Researchers have focused on ac-
ceptance issues related to renewable energy technologies in general
[7,12,13,28] or on the acceptance of individual renewable technologies. An
abundance of studies have examined the acceptance of wind power [e.g.,
[29,30–32]], whereas fewer studies have been published on solar [32,33],
geothermal [34,35], and hydro [36,37] power. In addition, few studies have
investigated the acceptance of energy-storage technologies [27,38] and
other energy infrastructures such as high-voltage power lines [39] or smart
metering technologies [40]. Studies that consider acceptance issues related
to combined systems that include energy generation, conversion, and sto-
rage in locally distributed structures such as energy hubs and smart grids
remain scarce. Research on smart-grid applications, for example, has tended
to entirely neglect these social determinants [6,27]. To date, research on
energy hubs has failed to examine questions of social acceptance.

Wüstenhagen et al. [12] suggest three dimensions of social accep-
tance of renewable energy implementation —sociopolitical acceptance,
community acceptance, and market acceptance—each corresponding to
a different domain of the agents involved. In their recent study, Devine-
Wright et al. [27] refer to these three dimensions and conclude that
social-acceptance studies rarely build on interdisciplinary approaches.
In addition, the authors report that acceptance studies that combine
“market, socio-political & community aspects are scarce” (p. 27). The
authors propose the idea that key actors’ belief systems and social re-
presentations play important roles in fostering the acceptance of novel
energy technologies; the authors exemplify their framework of analysis
using renewable energy storage technologies. In addition, the authors
point to the role of scale (between the local and national levels, for
example) and how specific actors mediate change processes in accep-
tance between scales: for example, a generally positive attitude toward
renewable energy technologies versus local community resistance to
concrete and proximate installations (i.e., NIMBYism).

When implementing a DES on a neighborhood scale, spatial proxi-
mity and people's place-related attitudes should be considered. In ad-
dition, the spatial scale of implementation (i.e., the extent of im-
plementation of the respective technologies) has often been described
as an important factor associated with the acceptance of energy tech-
nologies. In the context of social acceptance, Devine-Wright [13] clas-
sifies three scales of implementation of renewable energy technologies:
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micro (at the single building or household level, for example), meso (at
the local, community, or town level), and macro (at the scale of a large
power station, for example). Because each scale of implementation will
lead to different impacts on the community, the local economy, and the
local environment, Devine-Wright states that “public attitudes towards,
and engagement with, renewable energy technologies implemented at
different scales [are] likely to vary considerably” [13]. Not only do
spatial aspects play a significant role in community acceptance, but
such aspects also factor into procedural variables over time, at least for
the implementation of single renewable technologies. Wolsink [41]
presented an empirical study on the temporal patterns of local accep-
tance before, during, and after a wind power project. As Wüstenhagen
and Wolsink argue, community acceptance follows a “U-curve, going
from high acceptance to [relatively] low acceptance during the siting
phase and back up to a higher level of acceptance once a project is up
and running” [12, p. 2685].

Among the various psychological factors related to the acceptance
of renewable energy technologies, Devine-Wright [13] suggests three
dimensions based on theories from environmental psychology. First,
socio-demographic factors, including age, gender, and income, have
been found to influence technology acceptance. Second, socio-psycho-
logical factors affect public acceptance: for example, existing environ-
mental and political beliefs, knowledge of and direct experiences with
the technology, or people's place-related attachments. Third, contextual
factors shape attitudes toward renewable energy infrastructures; these
factors refer to the type and scale of the technology, the institutional
structures of the implementation, and the spatial extent and context of
the implementation site, for example.

The general public's mere tolerance for DESs, for example, is not
enough to contribute significantly to energy-systems transformations.
To achieve widespread implementation of such systems, gaining the
active interest and support of investors, homeowners, and any other
potentially affected residents is necessary. According to Rau et al. [42],
such active local support for the installation of renewable energy
technologies constitutes “active” acceptance, which refers to the will-
ingness to actively support the uses and installations of renewable en-
ergy technologies—for example, in the form of personal investment in
the technology or by providing information about consumption pat-
terns to the control unit. In contrast, “passive” acceptance refers to a
positive appraisal of renewable energy technologies (and a general
approval of their installation) but a lack of personal further engagement
in technology-supporting actions, such as by choosing different energy
utilities to purchase electricity from renewable sources or by investing
in local renewable production.

Any implementation of DESs should consider the roles and influ-
ences of different actors during the diffusion process. Several previous
studies have focused on the general public's evaluations and accept-
ability of energy alternatives. Perlaviciute and Steg [43] proposed a
conceptual framework of how contextual and psychological factors
together influence the acceptability of energy alternatives among the
general public, although their study did not consider other actors’
perspectives. The ways in which divergent actor perspectives of the
acceptability of energy technologies may evolve over time and interact
during development and siting processes—particularly for a concept
such as a DES—remain unclear.

Upham et al. [44] linked different actor groups and levels (societal
or spatial, for example) in their proposed analytical framework for
acceptance. The distinction between three levels of acceptance (gen-
eral, local, and household levels) relates to the distinction between (a)
the different socio-technical configurations of energy- technology ac-
ceptance in general, (b) an infrastructure at the local scale, or (c) an
application (for example) to one's household. An examination of dif-
ferent actor groups would be relevant for studying acceptance issues on
these distinct levels. Hence, social acceptance must be understood as a
multi-actor phenomenon while also acknowledging the intrapersonal
characteristics of individual acceptance.

The notion of accepting a new energy technology is not un-
ambiguous. Applying the term “acceptance” in relation to people's
opinion, perceptions, and attitudes toward energy technologies, as
Upham argues, “risks oversimplifying the interactions between socie-
ties, communities, collective actors and individuals and energy tech-
nologies” [44; p. 110]. Nonetheless, the concept of technology accep-
tance has widespread resonance and thus appears difficult to replace.
The concept, and the respective processes the concept refers to, Upham
notes, “have significant implications on the field of energy policy and
technology adoption and implementation, as well as for the quality of
life of individuals, communities and societies” [44; p. 110].

1.3. Rationale for this study

As Upham has also noted, understanding the acceptance of energy
technologies has become a matter “of importance for governments, the
energy industry and academics” [44; p. 110]. Research to date on the
social acceptance of energy technologies has primarily focused on
single technologies and infrastructures, such as wind farms, while in-
depth knowledge of acceptance issues related to combined systems that
include energy generation, conversion, and storage in locally dis-
tributed structures (such as energy hubs and smart grids) remains
scarce; any research that has been conducted has been drawn from
different scientific disciplines. In addition, key factors for social ac-
ceptance that have been identified for individual energy technolo-
gies—such as the spatial scale and proximity to the planned energy
infrastructure as well as the role of local co-ownership of the techno-
logy—may play a different role in DES compared to individual tech-
nology implementations. The relationship between new ownership
models for DES and their social acceptance also remains unclear. Adil
et al. [45] have identified several emerging ownership models for DES
in the context of their socio-technical evolution, yet their review study
only included single renewable technology carriers and did not refer to
combined systems of renewable generation, conversion, and storage,
nor did their study address aspects of social acceptance of DES.

To the best of our knowledge, no systematic collections of the few
studies that have been conducted from different research disciplines
have been prepared to date; in addition, no research as yet has focused
on the regulatory and structural barriers to DES market acceptance.
Identifying these barriers—and proposing ways to address them—are
both fundamental in order to design and adapt implementation strate-
gies for DES. Thus, in this study we first conducted a systematic review
of scientific publications on DES acceptance from different disciplines
to synthesize the existing knowledge. In addition, we have extended the
field's scant empirical knowledge about market acceptance of DES and
have drawn on the experiences of DES pilot applications in Europe.

The combination of a literature review with empirical data from
DES pilot implementations provides a more complete picture of the
barriers and drivers of energy-technology adoption during the early
diffusion phase of these technologies. Our conducting of in-depth in-
terviews with experts who represent early technology adopters provides
relevant knowledge sources to complement and validate the results that
were identified from the systematic literature review. By doing so, we
contribute to the current debate on socio-technical aspects of the energy
transition underway in many countries as well as to the scientific dis-
course on the acceptance of new energy technologies.

Following the rationale noted above, this study was guided by four
research questions:

1. What is the current state of research on the acceptability of DESs?
2. How does current research reflect on the roles of different energy

actors, the spatial scale, and the role of DES ownership?
3. Will different forms of ownership lead to different acceptance pat-

terns of the new technology?
4. Which are the evident key drivers for and barriers to the im-

plementation of a DES on the neighborhood scale?
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The remainder of this article is structured as follows: Section 2
outlines the methodological procedure that was chosen for this review,
while Section 3 presents the results of the systematic literature review
and the subsequent content analysis of 15 selected articles. Finally,
Section 4 discusses the study's findings, offers recommendations for
further research, and outlines implications for DES implementations.

2. Method

We performed a systematic literature review to address research
questions 1–3. To answer research question 4, we analyzed a series of
in-depth interviews we conducted with representatives of DES pilot
implementations. As a basis for the literature review on DESs, a sys-
tematic search procedure was conducted in February and March 2015
within three major databases, with search strings reflecting the accep-
tance of renewable energy technologies and further aspects of adopting
new distributed-energy technologies. First, research on the Web of
Science was conducted using the following keywords in varying com-
binations: accept*, autarky, aut*, biomass, decentr* energy, distr* en-
ergy, energy autarky, energy, geothermal, hub, hydrogen, in-
dependence, island, local energy production, photovoltaic*, renewable,
soc* social, solar, and wind. Second, additional searches were con-
ducted on Academia.org and Google Scholar, both times using the
search phrase “social acceptance of renewable energy.”

A snowballing technique [46] was used to complement the search.
Because DES is a recent and broad concept (see Section 1.1), the lit-
erature on different DES types, such as micro-cogeneration or energy
hubs, appeared to be scarce. We considered any DES approaches that
fulfilled the criterion of including two or more renewable energy car-
riers. A filter criterion was defined for scientific articles found during
the first search phase, in which the sample was narrowed to those
published between 2005 and 2015. Furthermore, articles written in
English or German were included. During the search procedure, parti-
cular preference was given to articles that referred to DESs at the
neighborhood or community scale.

This first out of four procedural steps (see Fig. 1) of identifying and
analyzing the scientific literature resulted in 120 publications, where
the majority (N = 94) consisted of research articles and review articles;
these were complemented by peer-reviewed papers from conference
proceedings (N = 19), book chapters (N = 4), and other scientific
publications (N = 3). Second, these 120 publications were then

categorized by thematic focus, the geographical context in which the
research was conducted, the renewable energy resource(s) studied, and
whether or not a DES was included in the research. (See Figs. A1 and
A2, as well as Table A1 in the Appendix, for illustrations of the char-
acteristics of the first sample of 120 publications.)

Third, further analysis identified 15 articles that more concretely
covered DESs and their acceptance or went beyond a mere acceptance
study on a single renewable technology. These studies were then ana-
lyzed in more detail during the fourth and final step. The analysis re-
vealed whether each study had been conducted as a theoretical, em-
pirical, or review work (i.e., the type of contribution) as well as which
energy sources were included in the study. The studies were also ana-
lyzed according to the type of acceptance. We applied two classifica-
tions of acceptance, based on Devine-Wright's [13] theoretical work
(i.e., personal, socio-psychological, and contextual) and the distinction
between active and passive acceptance [47]. Finally, the scales of im-
plementation (i.e., micro, meso, and macro) [13] of the studies and
types of ownership were analyzed.

In the second phase of data collection, semi-structured interviews
were conducted with representatives of DES pilot implementations. The
few pilot implementations of DESs that were available in German-
speaking countries were identified. Held between April and July 2015,
the face-to-face or telephone interviews followed a structured guideline
in which we asked the same list of questions in each interview. The
average duration of each interview was 90 min. Each interviewer began
by asking the interviewee to provide a detailed technical description of
the specific pilot system, followed by asking questions that addressed
the history of and actors involved in the implementation process (The
technical characteristics of the selected pilot implementation are sum-
marized in Table A2 in the Appendix). The interview then covered
barriers, drivers, risks, and locational factors for each pilot realization.

The questionnaire also included a ranking task in which participants
rated the three most important success factors and the three most re-
levant barriers to DES implementation. The participants were invited to
place all relevant actors for their particular DES implementation and its
operation within a stakeholder matrix. Specifically, each participant
was first asked to name the relevant actors for the implementation (e.g.,
the local energy utility, the grid operator, and the homeowner) and
then to position each actor in a matrix, defined by the two dimensions
of power and interest in the DES implementation. We followed the
stakeholder analysis method for this step [48]. Finally, the interviewees
described aspects of public acceptance, the characteristics of the current
DES business model, and the operators’ expectations for market de-
velopment and future regulatory adaptations in the energy market. The
interviewees had the opportunity to add any comments and questions
they had about the particular interview topic. Table 1 provides an
overview of the interviewees and the characteristics of their respective
pilot implementations.

The interviews (which were conducted in German) were recorded
and fully transcribed; for this paper, the interviews have been edited for
clarity in English, although the meaning of the interviews was not
changed in any way during the editing process. The original German
interview transcripts are available upon request. A simplified version of
summative content analysis [49] was used to analyze and cluster the
content of the interview data.

3. Results

3.1. Systematic review of the scientific literature

As described in Section 2, the sample of 15 publications covered
various aspects of adopting and accepting DESs. Table 2 lists these
publications by type of contribution, type of social acceptance, and
spatial-scale level as well as whether each study was related to active or
passive acceptance. The majority (11 out of 15) of the studies followed
an empirical approach, whereas the remainder were theoretical papersFig. 1. Stepwise procedure for the literature review on existing research articles.

T. von Wirth et al. Renewable and Sustainable Energy Reviews xxx (xxxx) xxx–xxx

4



or reviewed particular aspects (of DES acceptance, for example).
Following the differentiation between active and passive accep-

tance, we found four publications that dealt with active support for DES
technologies; the majority of the studies referred to passive types of
acceptance. When considering the type of social acceptance, the ma-
jority of the studies focused on the contextual and social (i.e., socio-
psychological) factors that influence the acceptance of DES technolo-
gies. An analysis of personal factors was found in only one case out of
the sample; that particular study also covered factors from the other
two domains. The studies we selected also tended to focus on meso- and
macro-scale levels rather than on micro-scale levels when studying
DESs, although a few studies did include several scale levels in their
analyses, thus reflecting the scalability of the DES concept.

Table 3 illustrates the renewable energy resources included within the
DESs. Only one of the 15 publications referred to geothermal energy [50],
which as yet appears to be rarely integrated into DESs. Wind and solar
power generation were represented most frequently, followed by water
and bioenergy. The majority of the publications referred to several re-
newable energy resources integrated within the different DES infra-
structures. Publications with a theoretical focus tended to refer to re-
newable energy in general and did not feature particular energy resources.

3.2. Detalied analysis: substantial insights for DES implementation

A detailed analysis of the sample of 15 articles revealed a high de-
gree of heterogeneity in nomenclatures, methodological approaches,
and integrated energy resources, although these articles were all related
to the adoption and acceptance of DESs. This heterogeneity resulted
from the interdisciplinary nature of studying the acceptance of energy
technologies and the diversity of the research foci. In the following
paragraphs, we highlight selected insights and illustrate which factors
influence the acceptance of distributed energy solutions, as identified in
the scientific literature. We focus on the three key aspects of co-own-
ership, perceived local benefits and connectedness, as well as the
technical and financial feasibility of the DESs.

3.2.1. Co-ownership
First, co-ownership is an important factor that influences local

support and acceptance of DESs and may also contribute to higher
awareness of electricity consumption among consumers. For example,
Boon and Dieperink [50] focused on the roles of particular forms of
ownership in locally decentralized renewable energy generation in the
Netherlands. Their study investigated barriers to and drivers for the
flourishing of local renewable energy organizations (LREOs) as alter-
natives to centralized and top-down structured energy corporations.
Among its findings, the study confirmed the hypothesis that co-own-
ership by local citizens improves local support and acceptance of
LREOs. The authors stressed that the possibility of providing “feedback
on the generated and/or consumed energy positively affects the local
acceptance” [50].

In this vein, Sauter and Watson [51] illustrated different deploy-
ment models and the role of co-ownership in micro-generation tech-
nologies. They found that the need for active acceptance among sta-
keholders, inhabitants, or homeowners varies, depending on the
deployment model and the leading actors who own or operate the re-
spective facilities. Sauter and Watson noted that “micro-generation
technologies need more ‘active’ social acceptance when compared to
traditional large infrastructure facilities” [51]; for instance, home-
owners need to accept these technologies in their private households.

Among the three deployment models used for micro-generation in
Great Britain, the “community microgrid” model may be described as a
DES concept with strong local ownership. Domestic micro-generation
units would be linked not only technically but also through consumer
ownership stakes in the respective energy companies at the local level.
In their article, Sauter and Watson [51] assumed that households’ and
companies’ shared investments in these new technologies might also
contribute to higher awareness of electricity consumption among con-
sumers. In other words, the co-ownership model on a local scale may be
considered more trustworthy [51].

Becoming a co-owner of a DES technology represents a form of
active acceptance. In this regard, when examining the effects of

Table 1
Interviewees and pilot implementations included in the analysis.

Pilot plant Type of DES Country Role of interviewee

Hybridwerk, Solothurn Energy hub, power to gas Switzerland Chief technical officer of local energy utility
Fuel cell plant, Grünau Decentralized energy hub Switzerland Technical manager of local energy utility
SwarmGrid pilot, Hamburg Micro-cogeneration in a smart grid ("SwarmGrid") Germany Project manager, SwarmGrid development
Smart grid, Vorarlberg Smart grid Austria Technical director, smart-grid technology

Table 2
Selected papers covering energy hubs and systems alike—type of publication, type of acceptance, and scale level (N = 15).

Type of contribution Type of social acceptancea Scale levela Type of acceptanceb

Theoretical Empirical Review Personal Social-Psychological Contextual Micro Meso Macro Active Passive

Allen et al. [58] x x x x x
Boon and Dieperink [50] x x x x x x
Bosch and Peyke [53] x x x x x
Chmutina et al., [72] x x x x
Chmutina and Goodier [54] x x x x x x
Müller et al., [73] x x x x x
Neves et al. [57] x x x x x
Orehounig et al. [59] x x x
Radcliffe et al., [74] x x x x
Sauter and Watson [51] x x x x x
Schweizer-Ries, [75] x x x x x x
Stedmon et al. [52] x x x x
Toft et al. [55] x x x x x
Walker [56] x x x x x
Wolsink [6] x x x x x

a Following Devine-Wright [13].
b Following Schweizer-Ries et al. [47].
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distributed micro-generation on consumers’ energy consumption,
Stedmon et al. [52] found that active and passive acceptance both play
mediating roles related to behavioral change. The authors [52] noted
that in tested households whose members showed passive attitudes
toward new energy technologies, the implementation of micro-gen-
eration increased their awareness of energy generation and consump-
tion if accompanied by continuous information. They observed that
“behavioral changes were greatest among households that actively
chose to install micro-generation” [52]. Likewise, Bosch and Peyke's
[53] Germany-based study found that skeptics of renewable energy
sources could nevertheless be interested in becoming co-owners of de-
centralized energy production—for example, of wind farms.

3.2.2. Perceived local benefits and connectedness
Second, some of the studies highlighted the roles of promoting local

community benefits and a sense of connectedness to the production site
as factors related to the successful implementation of DESs. Chmutina
and Goodier [54] discussed the impacts of local authorities and gov-
ernments as actors in the promotion of local “acceptance and support
for the initiatives [to] encourage their implementation, particularly
when the community associates these initiatives with the benefits of
employment and development opportunities.” The authors also stressed
that those “institutions developing energy policies often coevolve with
energy markets and are likely to be [more] sympathetic to the incum-
bent energy systems” [54]. This tendency may hint at a demand for
other actors who actively promote opportunities to engage in local
energy-generation programs.

Indeed, in studying potential future operators of energy hubs,
Wolsink [6] argued that highlighting local benefits, instead of the major
benefits to certain external providers only, is important for acceptance.
Toft et al. [55] conducted research on consumer acceptance of smart-
grid technology using empirical case studies in Denmark, Norway, and
Switzerland. Their study implied the importance of addressing in-
dividual and private benefits when communicating with consumers
about smart-grid appliances. They proposed a predictive model for the
acceptance of smart-grid technology across the three countries, wherein
consumer acceptance depended on perception of the technology as easy
to use and its application as beneficial to society and the environment.
Toft et al. [55] reported that acceptance was also affected by con-
sumers’ moral obligation to use the technology; personal norms were
found to be significantly related to the degree of acceptance of smart
metering in the participants’ houses.

On the aspect of decentralized generation programs, Walker [56]
differentiated between legal and financial models of community in-
volvement in energy generation (e.g., cooperatives, community cha-
rities, and development trusts). His study identified varying “degrees of

connection or disconnection between production and use” [56], thus
indicating the relevance of, familiarity with, and connection to the
production sites of the respective models. Among the incentives for
community ownership of decentralized energy technology, Walker [56]
referred to local income generation, local control, and planning per-
mission, whereas he illustrated technical and financial barriers (such as
the current lack of incentives for network operators to connect to small
generators) as hampering factors.

Neves et al. [57] investigated various factors for the successful
implementation of hybrid renewable energy systems (HRESs) in micro-
communities (specifically, small islands and remote villages). Their
study found that HRESs were more successful (i.e., gained higher ac-
ceptance) when the local population was involved in the decision-
making process and the implementation of the technologies as com-
pared to situations where HRESs represented external decisions that
were made without local input on the matter.

3.2.3. Technical and financial feasibility
Third, the technical and financial feasibility of a DES have a strong

effect on the implementation as well. Allen et al. [58] investigated the
technological and market contexts for different micro-generation
technologies in Great Britain and identified several technical barriers to
successful adoption, including grid integration, planning permission,
and technical licensing procedures. The authors also found that the
current electricity network was “designed for centralized generation
and optimized for one-way flow” (p. 540), thus requiring considerable
network changes to be made if substantial increases in distributed
generation were to be seen in the future. Their study also indicated,
however, that a certain implementation of micro-generators could be
integrated into the current electricity network in the short term [58].
For market acceptance of micro-cogeneration, the authors noted that
the financial backing to invigorate the market had not yet emerged. For
Great Britain, the authors stated that “it is unlikely that the amount of
funding available will stimulate the market sufficiently to lower the
capital costs of micro-generators in the near future, and therefore the
uptake of distributed energy systems will remain limited until other
mechanisms are in place” [58].

Likewise, Orehounig et al. [59] reported three major barriers to DES
adoption, including lack of willingness, the costs of retrofitting the
existing building stock, and the current lack of electricity storage ca-
pacities. Their technical feasibility study demonstrated the potential of
a local integration of a DES in a village in Switzerland, following the
energy hub concept. Learning from particular pilot applications in
isolated communities offers relevant insights into both the technical
feasibility of DESs and the role of participatory decision-making in the
technologies.

Table 3
Selected papers covering energy hubs and systems alike—integrated renewable energy resourceS (N = 15).

Wind Water Solar Bioenergy Geothermal Other In general N/A

Allen et al. [58] x x x x x
Boon and Dieperink [50] x x x x
Bosch and Peyke [53] x x x
Chmutina et al., [72] x x x x x
Chmutina and Goodier [54] x x x
Müller et al., [73] x
Neves et al. [57] x x
Orehounig et al. [59] x x x x
Radcliffe et al., [74] x
Sauter and Watson [51] x
Schweizer-Ries [75] x
Stedmon et al. [52] x x
Toft et al. [55] x
Walker [56] x
Wolsink [6] x x x
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3.3. Barriers and drivers identified in current DES pilot applications

As a result of the semi-structured interviews with representatives of
DES pilot implementations in Germany, Switzerland, and Austria, we
found a common pattern among the actors who were currently in-
volved. An actor analysis revealed that the local or regional energy
utility, as well as the local grid operator, were the most influential and
active bodies in experimenting with DES approaches at the local scale.
These local energy actors are generally established within the existing
regime of energy generation and often combine energy contracting with
grid operation in one organization. Actors in energy markets usually
operate for profit yet often operate as state-owned corporations. Such
actors’ exploration of DESs is currently in a phase in which actors test
technical feasibility, optimize the performance of pilot systems, and
identify profitable business models. In contrast, other actors—such as
homeowners and other residents, energy cooperatives, or small- and
medium-size energy companies—do not play a role in the current early
phase of technological niche development. These other actors’ co-
ownership of DES energy infrastructures has been found only in ex-
ceptional cases (for instance, in the form of local energy cooperatives in
Switzerland and Germany).

The active engagement of the established energy actors is mainly
driven by the political agenda's setting vis-à-vis the increased deploy-
ment of low-carbon-energy technologies and transformation targets for
the existing energy regimes, as defined by local and national govern-
ments (e.g., Energy Strategy 2050 in Switzerland). Representatives of
the selected pilot applications have reported a growing awareness and
necessity of actively promoting this sociopolitical agenda, for example
by testing the technical and financial feasibility of DESs. In the German
case of micro-cogeneration, the technology's technical feasibility is
generally described as mature enough in combination with decreasing
production costs for cogeneration engines. In addition, smart applica-
tions that optimize the interrelated operations of several cogeneration
engines evolve rapidly.

While technological development appears to be accelerating, the
cost-efficient operation of a DES under current market conditions still
faces significant barriers. This means that market adoption is the pre-
dominant aspect in the current phase of DES diffusion. Questions of
community acceptance play a minor role and are often perceived as
being manageable with the existing strategies known from the im-
plementation of single renewable technologies. For example, the in-
terview in the Swiss energy-hub case revealed that transparent in-
formation and intense consultations with diverse local stakeholders
were relevant, yet the stakeholders were familiar with the steps in-
volved from the previous implementation procedures of other energy
technologies.

The spatial scale of implementation and feasible locations for DESs
were found to vary according to the technologies integrated in the
system. When energy conversion and storage units were part of the
system, for example, the DES's adoption became a function of grid
convergence on the respective implementation sites. Pilot im-
plementations in Switzerland have reported that the proximate avail-
ability of access points to the electricity, gas, and local district heating
grids is a highly relevant driver for the realization of each project. As
one interviewee stated:

“Grid convergence—which means that the lines, wires, and pipes of the
electricity, gas, and local district heating networks meet at the project
location site—was a key technical advantage that permitted our invest-
ment decision.”

Technical manager of a local energy utility, Zurich, Switzerland

The requirement for cost-efficient access to multiple grid infra-
structures explains the pioneering role the established energy actors
play in testing and developing DESs. For instance, in Switzerland,
several of the local energy utilities have also obtained the local energy

grid architecture. Besides the current dominance of technical and fi-
nancial factors, in the Austrian example of a smart-grid pilot applica-
tion, the technical partners’ experiences in building trust with local
residents, as well as transparent and solution-focused communication
with regulatory authorities about risks and local benefits, were found to
be central drivers for the implementation process.

The interviews also illustrated the existence of significant regulatory
and structural barriers to the rapid adoption of DESs. Political agenda
setting alone did not appear to accelerate the market diffusion of DESs
in German-speaking countries. According to one interviewee,

“We face a regulatory barrier here. If we generate electricity from local
renewable sources (for example, from photovoltaics) and convert the
excess power into gas with our electrolyzer component, the resulting
[solar-created] gas is currently not accredited as a renewable form of
energy, with all the economic consequences [that implies] for us as a
utility.”

Chief technical officer of the local energy utility, Solothurn,
Switzerland

In the case of Solothurn, Switzerland, the implementation of an
energy hub, including a solar-power-to-gas electrolyzer unit, faces dif-
ficulties in cost-efficient operations due to the missing accreditation of
gas generated from excess solar power as a renewable energy source.
When supplying the renewable gas back from storage (for example, into
CHP units), market conditions for fossil energy carriers apply, and no
guaranteed feed-in tariff is provided as compared to the originally
generated solar power. Hence, the lacking accreditation prevents the
utility from gaining market benefits.

In addition, in Switzerland, power-to-gas units that convert elec-
tricity into hydrogen or methane for temporary storage in the gas grid
face a disadvantage with respect to grid-usage fees. Power-to-gas units
are currently obliged to reimburse grid operators for the necessary
electricity supply. In contrast, pumped-storage power stations are ex-
empted from paying for grid usage of electricity feed-in, while in
Germany, the waived grid fees for electricity feed-in for power-to-gas
conversion over a 20-year period (starting in 2009) currently offer a
regulatory condition that facilitates further niche development of DESs.
Still, the German pilot application was found to illustrate structural
barriers that currently prevent the market entry of DES systems on a
larger scale, as one interviewee noted:

“Various structural barriers to the adoption of intelligent micro-cogen-
eration technologies exist. The distribution system operator currently has
more incentives to physically extend the existing electricity grid than to
implement new technologies that would help release grid loads, for ex-
ample by introducing flexible and smart micro-cogeneration units.
Extending the current grid capacity would result in accountable invest-
ment costs that could be allocated to grid usage costs, which in turn
would generate further revenues for the distribution system operator.”

Project manager for SwarmGrid development, Hamburg, Germany

In addition, the diversification and number of local grid-distribution
operators are both currently perceived as obstacles to market adoption.
As long as no further incentives (e.g., federal) exist for the deployment
of micro-cogeneration systems, technical feasibility and DES integration
should be negotiated with each grid operator individually. All pilot
applications reported DES operating costs as being significantly below
the cost-efficiency level. The specified regulatory and structural barriers
have currently lead to consolidations of the existing energy regime
rather than offering potentials for niche development of DESs.

4. Discussion

This review study began with four guiding research questions on the
adoption and social acceptance of DESs. This section summarizes and
discusses our main findings.
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First, based on our systematic literature review, current scientific
knowledge about the acceptability of DESs may be described as sparse but
growing. The potential implementation of a DES on the neighborhood
scale can be conceptualized in several different ways. Because several
types of DES configurations (such as micro-cogeneration and local energy
hub systems) are still in the early phase of pilot applications, empirical
research on these technologies’ market adoption is unsurprisingly scanty.
The different foci of the studies included in this review (evident in our
sample; see Tables 2, 3) have so far impeded the development of an in-
tegrated, cross-disciplinary perspective on the topic.

Second, the roles and perspectives of different energy actors, as well
as the influence of the spatial scale—such as the spatial extent of energy
infrastructures and different agents’ proximity to such infrastructure-
s—are underrepresented, although the question of how relevant actors
(such as energy utilities, communities, large real estate investors, and
homeowners) may open up to implementing local DES approaches is
important in the current phase of early market adoption. Currently, the
established energy actors dominate the pilot installations of DESs, and
other agents’ involvement is rare. This finding refers only to DES pilot
implementations in the three German-speaking countries selected in
this study, however; in other geographical contexts, the engagement of
the actors may be different. For example, Lockyer [60] has reported a
growing engagement of local bottom-up initiatives, such as ecovillages
and transition towns, in the United States and Great Britain. These in-
itiatives have started to pioneer distributed renewable energy tech-
nologies, for instance in the form of community-owned wind turbines
and cooperatively managed micro-hydro systems.

Past studies have examined the influences of spatial scale and
proximity for single renewable technologies, particularly for the siting
of wind farms. Recent research on DESs has not yet covered the effects
of geography on acceptance. Nonetheless, our findings on local co-
ownership's relevance to hub technologies allow us to speculate that
spatial relatedness might also play a role in enabling a transitional path
for DESs. This situation has been shown in other infrastructure do-
mains, such as public transport, where, as Upham states, “localized
approaches to transition management efforts [and approaches differ-
entiated in terms of actor characteristics] might be more successful in
engaging the public in associated processes” [61].

Despite the existing theoretical and empirical studies on particular
scale levels, a necessary analysis of the role of the scale itself has not
been provided to date (for example by comparing implementation
procedures with different extents). Previous studies on micro-cogen-
eration and DESs have not covered the effects of different im-
plementation scales on DESs’ adoption. For example, how do findings
on the scale's role relate to future policies for energy-infrastructure
planning? When considering the case of wind energy, consistent find-
ings indicate that proposed wind turbine parks that are smaller in scale
are more positively accepted [13]. In earlier studies, a negative linear
relationship between wind farm size and public support was suggested
and replicated in Ireland [62] and the Netherlands [63]. Such analyses
of scale are as yet nonexistent for DESs, however.

Third, the role of ownership in DES solutions has been the subject of
more attention in recent studies. The publications we have analyzed
suggested that co-ownership of a DES improves project support and
acceptance, particularly when the usefulness to society and the local
benefits are addressed (for example, for homeowners in a neighbor-
hood). Not only does co-ownership improve project support, but our
findings also suggest additional impacts of co-owning energy infra-
structures. The studies of Sauter and Watson [51] and Stedmon et al.
[52] note that active engagement of households and local companies
(for instance, through shared investments in micro-cogeneration tech-
nologies) may also contribute to higher awareness of energy generation
and consumption. This means that having appropriate ways to address
the opportunities of shared local ownership of energy infrastructures
offers further potential for supporting activities that attempt to alter
energy-related consumer behavior.

In this vein, Wolsink [6] discusses a shift in ownership of distributed
energy infrastructures and suggests that DESs should be conceptualized
as common-pool resources. And, as Kästel argues, the diffusion of small-
scale decentralized energy installations “coincides with the emergence
of so-called prosumers” [64, p. 718]. Prosumers are people or house-
holds that act as both producers and consumers of energy. This shifting
role of the consumer occurs in the form of active local engagement in
support of new energy technologies, such as by making investment
decisions in energy markets. But the empirical findings from our series
of interviews do not indicate such a shift occurring from consumer to
prosumer in the DES domain. Regulatory barriers and high transaction
costs for DESs correlate in the current market; together, they impede
rapid adoption among the established actors and prevent other actors
from engaging in market entry.

Fourth, current research does not provide clear information on
whether the key drivers for (and barriers to) the adoption of DESs at the
neighborhood scale differ from factors related to the implementation of
single renewable technologies. This situation is not surprising when we
consider the current state of DES development with the first pilot ap-
plications that were installed for the time being. Existing barriers such
as technological optimization potential and a lack of financial backing
for significant market acceptance are current factors that are common
to early niche innovations [65].

This study has also found that certain deployment models of DESs
(for example co-owned community energy projects) may face addi-
tional barriers and drivers due to the diversity of actors involved and
local-scale interests. Local decentralized energy generation that entails
gaining access to several homeowners’ premises, for example, may re-
quire additional trust among the community actors involved. Trust
among local actors was found to play an important role in the DES
implementations analyzed in the present study. This finding aligns with
those of studies on community acceptance of other niche developments
and the siting of new infrastructures, as demonstrated in the case of
carbon capture and storage [66].

Considering the three dimensions of social acceptance presented by
Wüstenhagen et al. [12], research on the implementation of DESs
currently points toward issues of market acceptance, but the adoption
of DESs relies first on strong sociopolitical acceptance. For example, the
market entry of DESs is currently impeded not only by technological
barriers of efficiency losses during energy-conversion processes but also
by political and structural barriers set by regulations, as demonstrated
by the cases in Germany and Switzerland. Our findings suggest that in
the current phase of DES diffusion, concrete siting aspects and issues of
community acceptance play only minor roles. These results are in line
with Wolsink's [67] theoretical considerations on the temporal se-
quence of technology acceptance. Wolsink suggests that first, “socio-
political acceptance is necessary to establish the institutional conditions
that are conducive for implementing innovations” [67, p. 12].

Market and community acceptance then concerns the decisions
about concrete installations of DESs and about the willingness to par-
ticipate in investing in such installations. These investment decisions
may shift from the market to communities; in that case, Wolsink [67]
expects market and community acceptance to coincide. Our findings on
DESs do not yet point in this direction. The established energy actors
dominate the existing DES pilot installations, and such a shift in in-
vestment decisions has not been reported. We did observe, however,
that different aspects of acceptance vary in their relevance to DES
adoption over time. Energy-technologies acceptance should therefore
be conceptualized in a more dynamic and actor-dependent way. In
other words, before studying characteristics of technology acceptance,
an in-depth actor analysis and temporal analysis of the diffusion process
would be required to describe the relevant aspects of acceptance.

Public opinion about a DES project cannot be explained by the DES's
single characteristics alone, because acceptance arises in interactions
among the different actors involved, the combination of technologies, and
the features of the DES's application context [68]. This point also needs to
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be reflected in future research designs on adoption potentials for DESs.
Based on our findings, we may suggest several promising trajec-

tories for future research. Because the DES concept is defined rather
generically, the concept is flexible in terms of scale and type of in-
tegrated technologies. This means that implementation contexts may
differ significantly in terms of size, actors involved, ownership, and
other factors. This dependence on the particular implementation con-
text impedes the development of general theories about DES accep-
tance. We therefore envision a future research trajectory that would
quantify the potential for local acceptance of DESs with respect to
technical, spatial, and social aspects. This idea suggests that combining
homeowners’ preferences with a spatial analysis of the local generation
potential of renewable energy sources and the degree of grid con-
vergence in particular regions may lead to a more sophisticated use of
the acceptance concept. This situation may be analyzed by using geo-
graphic information systems that can simultaneously help to identify
spatial clustering of technical potentials and homeowner preferences.

When considering community acceptance, among the conditions and
framings that enhance acceptance are transparency in communication,
fairness of actor involvement, and local ownership and revenue expecta-
tions [69,70]. The more local benefits become apparent, the greater the
likelihood of supportive attitudes toward locally accepting new energy
technologies. While the implementation of DESs should be promoted to
different actor groups and potential users, little is known about appro-
priate message-framing methods to promote investment in new energy
technologies by different actor groups. We therefore suggest that future
research should integrate framing experiments in order to test the parti-
cular mobilizing motives among different actor types. For instance, does a
message framing that focuses on local benefits lead to homeowners’ higher
willingness to invest in micro-generation units? Michelsen and Madlener
[71] have presented a recent example (from 2016) that points in this di-
rection, based on their empirical investigation of homeowners’ decisions to
switch from fossil fuels to renewable sources for residential heating sys-
tems. Their study did not differentiate among different types of home-
owners or other actors, however.

To gain more relevance to the actual adoption of new energy
technologies, we suggest further differentiation of acceptance research;
such research should include variations over time and space to detect
socio-spatial patterns (for example) that could be related to variations
in spatial or technological characteristics of the spatial subunits, such as
regions and neighborhoods. In addition, the roles of different deploy-
ment models of DESs must be acknowledged. A community-owned local
energy hub with decentralized production, for example, will address
different questions and dimensions of acceptance than a centralized
facility owned by the incumbent energy utility.

5. Conclusions

Integrated DESs such as energy hubs offer technological innovations
that may contribute to achieving many countries’ CO2-reduction aims.
These technologies’ function of converting and storing intermittent
electricity from solar and wind power generation in either batteries (for
the short term) or the gas grid (for the long term) addresses the es-
sential problem of intermittency linked to the use of renewables. While
this technological solution offers various forms of operating concepts,
major technological, economic, and social-acceptance questions remain
to be answered before a broad market adoption can evolve.

This study has delivered a systematic overview of the state of re-
search on the acceptance of integrated DESs, presented empirical in-
sights from a few existing pilot applications in German-speaking
countries, and illustrated relevant future research trajectories. The
conducting of analyses of different ownership models, better acknowl-
edgment of the diversity of actors in the energy market, and reflections
on the spatial variability of community and market acceptance appear
to be avenues worthy of future research.

From a technological point of view, DESs may be established on
various spatial-scale levels, ranging from individual buildings to
neighborhoods to entire cities. The relevance of scale refers to a tech-
nological question of finding an optimal DES size with respect to the
local potential for energy generation from renewable sources, storage,
and conversion capacities and the economic feasibility within the re-
spective energy market. At the same time, the different scales of im-
plementation imply the involvement of different actor groups and ex-
pose different challenges for acceptability. The ways in which
acceptance occurs and manifests across different scale levels still re-
quires further research.

Although the current lack of implemented DES pilots may tem-
porarily hamper proper investigation of social acceptance among the
general public, we consider it important to study how the public em-
braces or opposes integrated DES technologies. Public awareness and
attitudes toward DES will provide insights into the market potentials of
new ownership models and the scaling potentials for DES in different
implementation contexts.
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Appendix A

See Figs. A1 and A2 and Tables A1 and A2.

Fig. A1. Number of publications according
to the search criteria from 2005 to April
2015 (N = 120).
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Technical
parameters
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