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Abstract: Systems engineering finds its origin in analyzing and exploring complicated technical
systems. In this positioning paper, we set out to discuss the value and limitations of a Systems
Engineering approach in its contribution to societal challenges, notably the energy transition. We
conceptualize the energy system as a sociotechnical system. We specifically explore stakeholders and
their roles, agency, and acceptance. We illustrate the relevance by a case at the municipal level that
shows the relevance of acceptance, pluralism, distributed agency, context, and process aspects. The
municipality is still in a phase of exploration and conceptualization. Systems Engineering can be of
great value in this phase to explore the problem and solution space. However, to make the most of
this requires that Systems Engineering addresses policy making, distributed agency, and complexity.
We discuss the challenges this poses for the traditional Systems Engineering approach; we indicate
several potential strategies to address these challenges, and we show two fields that can help clarify
how to address these challenges: transition studies and sustainability assessment.
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1. Introduction
Energy drives all activities and is strongly related to prosperity, production, consumption, and well-being [1–4]. As such, a good energy supply is crucial for achieving many
sustainable development goals (SDGs) [2], and an urgent call for action is needed to ensure
peace and prosperity for people and the planet, now and in the future [5,6]. Especially SDG
7 targets the energy supply: “Ensure access to affordable, reliable, sustainable and modern
energy for all” [5,6].
Achieving the goals as stated in SDG 7 requires a transition, a radical shift in the
energy system [1], from a fossil fuel-based system to one based on renewable energy
sources. Especially in developed countries, reducing greenhouse gas emissions is a crucial
driver behind recent developments in the energy sector [7,8]. The complexity, scale, and
urgency of the required transition make it one of the grand societal challenges for the
21st century. Over the last few decades, this problem has received increased attention in
academic [9–11] and policy circles [12–14].
The energy supply has all characteristics of a system: primary energy sources are
mined in nature and are converted by an apparatus to secondary energy sources, which in
turn are converted to energy services. All elements are interconnected by infrastructure
and transport [15]. Traditionally, System Engineering has had substantial contributions
to the sector, with a specific focus on understanding and assessing the techno-economic
feasibility of these engineered systems [16]. In addition, for the future, there is a significant
potential for contributions from the field of Systems Engineering, given the enormous
changes required for the energy transition.
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However, traditionally, Systems Engineering has been focused on exploring and
analyzing technical systems and complicated problems. Although that is a valuable
contribution by itself, we will argue in this positioning paper that the energy transition,
and societal challenges in general, require a different approach. In essence, by their nature,
energy systems are sociotechnical systems. These systems include infrastructure and
conversion technology and markets, cultural aspects, regulatory paradigms, and consumer
behavior [1,15,17]. As such, they require unpacking socioeconomic factors, including
stakeholders’ roles, normativity, and agency. These are issues that are hardly addressed
by traditional Systems Engineering that would rather see normativity and agency either
as clients’ goals and customers’ needs and requirements or as contextual factors for the
engineering system. In the traditional approach, normative and agency aspects are typically
addressed in a rather instrumental and technocratic way, focusing on how to model or how
to manage [18–20].
Discussions and developments in the energy transition show that many struggles
to embrace and accelerate the energy transition relate to the sociotechnical nature of the
transition. One challenge is translating the generally accepted policy goals into specific
roadmaps, action plans, and policy approaches. These serve to align stakeholders’ interests
and visions, empower stakeholders, and build up momentum to build up a robust approach.
However, change invokes resistance. With the recently increased diffusion and (larger
scale) implementation of solar PV and onshore wind, the acceptance of renewables has
become a prominent issue [21–30] that can severely affect the support and direction of the
energy transition.
In summary, we conceptualized the energy system as a sociotechnical system in
transition. Our goal for this positioning paper was to indicate the relevance of Systems
Engineering approaches, to illustrate the problems that arise due to the misfit with sociotechnical systems, to discuss strategies to overcome that misfit, and to indicate related
fields from which lessons can be learned. As such, we contributed to the goal of this special
issue to focus on Systems Engineering’s role in contributing to grand societal challenges
and providing policy advice [16,31].
We specifically focused on the diversity of stakeholders, their roles, and their agency,
including societal acceptance issues. To do so, we drew upon an illustrative case study
on the heating transition for the small city of Best in the Netherlands. This approach is
analytically helpful as it reduces complexity: Goals, boundaries, and involved stakeholders
can be clearly identified, dynamics can be easily understood. Over recent years, Dutch
municipalities have been assigned a more substantial role in the energy transition, e.g., by
making local plans for the heat transition in the built environment and specifying local
potential [32]. However, municipalities typically lack experience and expertise in this field
and struggle with questions about a regional energy transition [33,34]. The city of Best is
especially relevant as it committed itself to far-reaching goals [35–37]; there is an active
energy cooperative, Duurzaam Best, indicating a willingness to act among citizens; but
despite this, a project to implement a heating network in the Naastenbest neighborhood
recently failed [38,39]. As such, it provides an excellent illustrative case to study both
stakeholders and broad aspects of acceptance. Finally, a systems architecting study had
already been conducted for Best [40,41], which offered some prior knowledge.
In the next paragraph, we introduce sociotechnical systems and acceptance concepts
more thoroughly based on relevant literature. Next, in the methodology section, we discuss
the approach for the illustrative case, followed by the empirical results. Finally, we present
a conclusion and discussion on the potential for contribution and the challenges in Systems
Engineering and how to overcome these challenges.
2. Sociotechnical Systems and Acceptance
We argue that complex societal problems, such as the energy transition, require a
sociotechnical system approach. A sociotechnical system has been introduced and developed in the field of science and technology studies (STS). A sociotechnical system has been
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defined as “a configuration of technologies, services, and infrastructures, regulations, and actors
(for example, producers, suppliers, policymakers, users) that fulfills a societal function” [42]. It
assumes that a broader set of stakeholders is involved in developing and implementing
technology and that the social and technical aspects co-evolve. It builds on the notion
of a coupled development of technology with social practices, rules, and normative settings [15,17,43]; the distributed agency over a variety of stakeholders and moments, i.e.,
the capacity to act and influence [44]; and the complexity of the problems, characterized
by normative pluralism, inherent uncertainty, and emerging behavior [45–47]. As such, a
broad set of stakeholders is relevant as are their roles, preferences, practices, and processes
of interaction and decision-making. Relevant issues in this field include justice, public
engagement, social construction, expectations, transforming innovations, and governing
complex transitions [48]. A traditional limited stakeholder analysis focusing on power and
interest will not cover all these aspects.
Recently the energy transition started to take shape. It moved from an idea or concept
to an actual realization by implementing, among other things, larger scale solar PV and
onshore wind. Consequently, the impact and hindrance of these technologies became clear
and started to affect more extensive groups of stakeholders. The lack of social acceptance
of renewables has become a prominent issue [21–30] that can severely affect the support
and direction of the energy transition.
Acceptance, or the lack thereof, is a typical example of sociotechnical aspects of the
energy transition. Acceptance is a broad concept that can refer to people’s ability to
“tolerate”, “regard something as inevitable”, or “approve of something or to encourage it”.
It can manifest itself as attitudes and actions on a spectrum of involvement and agency, i.e.,
the capacity to make choices [21,49]. Other crucial questions are who is accepting and what
is being accepted. When it comes to social acceptance, Wüstenhagen et al. [29] differentiate
between sociopolitical, market, and community acceptance: Sociopolitical acceptance
refers to the acceptance of general goals, technologies, and policies by the public, key
stakeholders, and policymakers. Market acceptance relates to the adoption and diffusion
of innovations in the market by companies, consumers, and investors. Finally, community
acceptance refers to residents’ and local stakeholders’ acceptance in siting decisions and
renewable energy projects. This differentiation can help to increase understanding. For
example, the not in my backyard (NIMBY) phenomenon that is seriously hampering the
local energy transition [22,23,25,30] is a combination of large sociopolitical acceptance with
low community acceptance.
The three types of acceptance as identified by Wüstenhagen et al. are influenced
by five key factors related to the stakeholders involved and local factors, as determined
from the literature (see Figure 1): financial costs and benefits; values and goals; justice
and participation; trust and communication; and efficacy and reasibility. Financial costs
and benefits refer to the initial investment, the payback time, and the expected return on
investment. Low investment costs, short payback times, and a reduction of monthly energy
costs are considered critical preconditions for community acceptance. Simultaneously, a
solid business case is more decisive for market and sociopolitical acceptance [50–52].
Values and goals refer to an individual’s preferences based on personal norms, values,
motivations, and goals. When the intended effects of sustainable measures are perceived to
align with these values and goals, the actions are more likely to be considered favorably [53].
Common goals influencing community acceptance are the improvement of public health,
the stimulation of (economic and scientific) advancement, and the creation of moral and
caring communities [50,53], as well as safety, autonomy to choose, little hindrance, a
comfortable living environment, and preservation of the natural environment [51].
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Figure 1. Conceptual map of key concepts affecting different types of acceptance.
Figure 1. Conceptual map of key concepts affecting different types of acceptance.
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3. Methodology
We set out to explore stakeholders involved, their roles, and the issue of (social) acceptance for the case of Best, more specifically for the failed Naastenbest project. We studied
directly involved key stakeholders to understand better their roles, the sociopolitical context, the process, and the differences and tensions between the political, expert, and lay
systems. In addition, we studied the social acceptance of the local public and how that was
affected by different factors.
The most relevant (directly involved, influential) stakeholders in the Naastenbest
project were identified by the initial study of academic and grey literature and preliminary
interviews. The municipal council has the formal responsibility for the energy transition in
the municipality. The municipal officials support this council. The housing cooperation
owns and builds rental houses as a delegated government responsibility and is especially
relevant for initiatives in the built environment, as was the case for the Naastenbest project.
Installation companies play a central role in engineering and installing energy and heating
infrastructure and equipment. Best Duurzaam is an association of citizens who strive for
sustainability. It engages with the societal debate and local initiatives.
In the next step, semi-structured interviews were held with each of these stakeholders.
This approach matches the research’s explorative nature and the level of involvement of
the stakeholders [49]. Probing questions are employed to elicit additional information on
potentially sensitive topics, assist respondents in recalling the information, and explore
issues that were not previously identified as relevant [66]. Based on selective sampling,
32 stakeholders were approached, of which 10 agreed to the interview, covering all five
relevant stakeholder groups, see Table 1. Interviews were conducted over the phone or by
Skype (due to COVID-19 restrictions), following an open interview guide. Interviews typically lasted 45–75 min. Interviews were not recorded but notes were taken. Anonymized
results were analyzed to identify key concepts and themes.
Table 1. Selective sampling of relevant stakeholder groups.
Stakeholder

# Interviewed

Municipality of Best

1

Municipal Council

2

Energy cooperation “Duurzaam Best”

4

Housing cooperation

1

Installation company

1

Finally, social acceptance in the community was assessed by an online survey that
focused on broader acceptance of energy measures and policies. The survey consisted of
closed questions and open questions (remarks) and was designed to assess (1) demographic
characteristics of respondents; (2) the general attitude towards sustainability and the
energy transitions; (3) perceived drivers and barriers for taking action; (4) the role of
the municipality; and (5) the support for concrete measures, either individually or at the
municipal level. Respondents were approached on multiple online platforms to increase
the response rate and reduce potential sampling bias. These platforms included ‘Plein
Best’ and ‘Groeiend Best’, as well as Facebook communities such as ‘Best voor Best’ and
‘Best anders’. Moreover, fourteen area representatives were contacted to spread the survey
among residents in their neighborhoods. In total, this resulted in 85 respondents.
4. Results of the Illustrative Case
In February 2020, officials of the Municipality of Best, responsible for the energy
transition in Best, submitted a proposal for a district heating network including seasonal
storage. This project targeted several national subsidies for the exploration of heating
options. For the planning, the municipality cooperated with an installation company. The
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prospected users included a sports hall, a few schools, private individuals, and, most
notably, tenants of the local social housing corporations. Members of Best Duurzaam,
the local energy cooperative, reviewed and supported this proposal, albeit conditionally.
Ultimately, the municipal council rejected the proposal later that year. Both the interviews
and surveys were held after the rejection.
4.1. The District Heating Naastenbest Project
Differences in stakeholders’ values and goals resulted in varying attitudes towards
sustainability and district heating in Best. Both Best Duurzaam and the municipality were
motivated by (inter)national climate goals (5 respondents), either intrinsically (Best Duurzaam) or by pragmatic political motivations (municipality). Members of the municipal
council (2) stressed the importance of aligning their goals with their political party’s program. The housing corporation and the installation company (2) were mainly motivated
by the prospect of future financial gains. Most stakeholders (7) raised concerns about
the technological feasibility with respect to the location of the system (3), the scalability of
the distribution network (3), and the seasonal balance between generated and stored energy (1). Additional concerns were raised about uncertainty and the distribution between
stakeholders of financial costs and benefits, e.g., uncertainties regarding (exploitation) costs
and subsidies (5), unclarity on ownership of the network (3), uncertainty regarding (the
potential for) upscaling and future financial returns (2), and doubts on the long-term risks
of operation (4). Most stakeholders (8) acknowledged the importance of stakeholder participation and justice but were not satisfied with the participation process in the Naastenbest
project (6). Both Best Duurzaam (4) and the municipal council (2) believe that they were
inadequately involved in the decision-making process, as key information was shared too
late. This strongly contributed to the discontinuation of the Naastenbest project. Most
of the interviewees (6) partly attributed doubts and critiques to unclear communication
by the municipality. A lack of trust among stakeholders was not explicitly mentioned,
but frequently implied (6) through the questions that were raised concerning the municipal alderman’s perceived lack of effort in passing the proposal (5), the trustworthiness
of commercial stakeholders (3), and the involvement of the energy cooperative Best Duurzaam (3). An additional issue was the lack of vision and policy (8). Most stakeholders (7)
indicated the absence of an overarching long-term vision on the energy transition at the
municipal level. Long-term prospects are missing (2) and follow-up actions are undefined
(2), making it hard to judge the strategic relevance of this project. In addition, a more
precise definition of stakeholder roles was considered crucial for sound policy making (7).
Opinions on the merit of the district heating proposal varied widely among stakeholders.
Best Duurzaam members (4) indicated they were favorable towards the design despite
their publicly expressed concerns. In contrast, the municipal council members (2) were less
optimistic and expressed concerns that the (long-term) risks were not transparently and
sufficiently covered.
4.2. Acceptance among Residents of Best
Overall, the survey revealed a variety of responses per question, indicating that the
group is heterogenous: Different people have different drivers, preferences, and experience
various barriers. There is broad support for sustainability and energy-saving measures
within the sample. Many inhabitants have taken feasible and straightforward actions, such
as insulation (over half) and domestic solar PV (about half), or are thinking of implementing
them. Personal drivers are both pragmatic and value-based, e.g., saving money, improving
comfort, reducing the impact on climate change, and protecting the environment are
indicated to be relevant, as well as belief in progress and morality of choice. Community
aspects (community connection, social obligation) are not perceived as relevant drivers.
For many participants, previous bad experiences, lack of favorable financing, risks, and
climate critique were not barriers for further implementation. Some concerns were raised
with respect to costs and their contribution. More large-scale, intrusive, novel, expensive,
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or contested technologies received less support, e.g., heat pumps, electric vehicles, solar
collectors for implementation by residents, solar farms, biomass power plants, wind
turbines, and district heating by the municipality. Only the application of PV panels on
public buildings received broad support. Most participants were neutral on the role and
activities of the municipality. However, in the open questions, there was strong criticism.
In particular, unclarity of information, lack of participation, and distrust towards the
municipality were mentioned. Another frequently mentioned topic was the potential risk
of large-scale projects on the environment.
5. Conclusions and Discussion
5.1. Lessons from the Case
Our primary interest was in exploring the diversity of stakeholders, their roles, and
the acceptance of renewable energy as an illustrative case for the social struggles that
affect the energy transition. The literature review shows that acceptance is a broad concept
that manifests itself as attitudes and actions on a spectrum of agency and involvement.
Acceptance also depends on who is accepting and what is being accepted. The literature
differentiates between sociopolitical, market, and community acceptance. Different factors
influence these types of acceptance: financial costs and benefits; values and goals; justice
and participation; trust and communication; and efficacy and feasibility. In addition, they
are affected by issues of power and sociopolitical context and are visible in and affected by
socially constructed discourses.
Overall, the interviews showed the distributed agency in the Naastenbest project:
Several stakeholders were involved in the process by steering, influencing, decision making,
and acting over an extended period and in a sometimes ill-defined project. The lack of
clear data and analysis were generally shared concerns among stakeholders, e.g., on
technical and financial feasibility and the distribution of cost and benefits. Process aspects
strengthened these concerns: the lack of clear communication, issues of good governance
and participatory approaches, ambiguity in the process, stakeholder roles, and alignment
with broader societal and transition goals. Most stakeholders are supportive towards
addressing climate change (sociopolitical acceptance), but at the same time, are supportive
of many other goals. It is not clear how stakeholders deal with trade-offs; or how to
come to an approach that does justice to all stakeholders involved, clarifies their roles,
and results in a shared agenda. An overarching long-term vision of achieving the energy
transition on the municipal level (either focused on actions or process and roles) is lacking.
This lack of a long-term vision hinders short-term decision making and an integrated
assessment of the feasibility and potential contribution of the project. Representatives of
the municipality see the pilot project as experimentation, which can be an excellent strategy
to overcome complexity if it results in increased visioning, networking, and learning
within the community and broader stakeholder groups [11,67]. In this specific case, this
contribution was disputed by several stakeholders. Trust was a sensitive topic, especially
considering the disagreement on goals and roles and the failed project.
The survey on community acceptance showed the heterogeneity of the group: different
people have different drivers, preferences, and experience other barriers. Overall, there is
broad support for sustainability and energy-saving measures. Many inhabitants are taking
or are willing to take measures, especially feasible and straightforward measures such
as insulation and solar PV installation. More large-scale, intrusive, novel, expensive, or
contested technologies received less support. Expressed concerns included unclarity of
information, lack of participation, and distrust towards the municipality.
The survey was distributed over multiple channels, resulting in residents’ participation
from all neighborhoods. Still, some districts, house owners, older people, and members of
the energy cooperative were overrepresented. However, we feel that these issues have not
seriously hampered our conclusions, as we aimed for exploratory research on an illustrative
case. We think that an even more representative sample could have revealed more diversity
and more considerable differences in goals, context, and preferences.
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5.2. Systems Engineering of Sociotechnical Systems
The case revealed that the municipality is still in a phase of exploration and conceptualization of the problem and potential solutions. We argue that Systems Engineering
can be of great value [16,31,68]; it offers a straightforward and well traceable approach, in
which the problem space is made explicit, and the solution space is explored. It evaluates
technologies for their potential contribution to foreseen systems, and it does so in a consistent way. It can help to make sense of possible solutions and can clarify the roadmap of
how to get there. It helps to focus the decision making and discussion on real issues by
identifying (lack of) potential contribution to the overall goals. It can help prevent a focus
on only short-term actions that receive a lot of support.
In particular, the last argument seemed to be relevant to the case of Best. Politics is
an opportunistic process, which looks for mandate by the community and support and
acceptance by stakeholders involved, strategically acting by creating and using societal
momentum. However, that approach only results in short-term and feasible actions, the
win-win solutions. However, addressing climate change requires disruptive change, a
fundamental change in the energy system and its underlying driving forces. The uneasy
message that there is no silver bullet, no simple solution that will solve all problems and
be beneficial to all is hardly heard in politics. The energy transition requires profound,
fundamental changes: reinvestment, rebuilding, redefining winners and losers of the
system, upscaling of renewable energy technologies, and at some point might require
intense system interventions, e.g., the out-phasing of specific technologies, products, or
energy carriers [43,69–71]. Systems thinking is critical to understanding the inertia of the
current sociotechnical system [72], to understanding the need for change in underlying
driving forces, feedback mechanisms, and paradigms [69,73], and for exploring coherent
alternative systems. Systems Engineering might be of great value in this process [16,74–77]
to ensure that final goals are anchored in solid policy-making.
The case also reveals several characteristics that can be challenging for a traditional
Systems Engineering approach. There is not one decision-maker, and stakeholders’ needs
and requirements are diverse and fuzzy. Instead, several stakeholders are involved: companies, governments, consumers, citizens, NGOs. They are characterized by different roles
and behavior, different interests, all of which are context dependent. That diversity is
visible between and within stakeholder groups (e.g., citizens’ preferences). It results in
pluralism, multiple and sometimes conflicting views on problems, potential solutions, and
the preferred process. Second, all these stakeholders have different levels of agency, the
power to steer, decide, and influence. This agency is not only distributed over stakeholders
but also over time. It makes sense making, goal setting, decision making, and steering a
matter of processes, rather than discrete decision-making moments. Third, the involvement
of stakeholders and agency results in socialware in addition to the traditional technology
hardware, i.e., norms, rules, regulations, and practices that are an inherent part of the
system. Social scientists talk of sociotechnical systems to indicate the intimate interdependencies and influences of the social and technical. The socioeconomic part is no longer
considered the context of a technical system, but rather becomes an inherent part of that
system. This has major consequences for how to conceptualize and analyze these systems.
Finally, the behavior of this system is complex, resulting in inherent uncertainties. These
are the results of the pluralism and agency by stakeholders and the many interactions
between all sociotechnical elements and between systems (systems-of-systems), resulting
in emerging behavior.
We argue that to understand or predict system behavior and to be of more value for
decision making and governance, the traditional Systems Engineering approach needs
to be adapted. Here, we indicate some potential strategies. Note that several of these
strategies are non-exclusive and can be combined. First, introduce pluralism by taking
into account multiple viewpoints or applying sensitivity analysis. Second, operationalize
sociotechnical systems, including diversity of stakeholders and distributed agency. Third,
conduct participatory Systems Engineering, as is done in conceptual modeling. Stake-
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holders know best their preferences and viewpoints, and it offers possibilities for shared
learning. Fourth, put less emphasis on the preferred action or technology and more on
learning about the deep problem structure, system behavior, and solution spaces. This
way, it offers second-order learning and empowerment of stakeholders involved. Fifth,
put more emphasis on sufficient and resilient solutions, rather than on optimal solutions.
Finally, look at the potential role of System Engineering studies as boundary objects: an
object that ties together scientific knowledge and societal goals and values. As a boundary
object, the outcome of a Systems Engineering study enters the social arena of governance,
public debate, and decision making.
We realize that these are not topics that come naturally to the average Systems Engineer. Most of these strategies are not simple, e.g., looking at different system boundaries
or doing an additional task. They require bridging between different worldviews and
research paradigms, between positivist approaches present in engineering sciences and
constrained relativist approaches of value for transition thinking, policy-making, and
governance [78]. However, initial efforts are visible in the field to start engaging with these
challenges [79], e.g., by addressing sociotechnical systems (e.g., [77,80–84]), stakeholders’
goals and agency (e.g., [18,85]), complex systems and systems-of-systems (e.g., [86–89]),
conceptual modelling (e.g., [90,91]), and systems thinking (e.g., [75,76,82,92]).
However, Systems Engineering does not have to start from scratch as it can draw upon
and learn from closely related fields [68,93,94]. Especially, the field of transition studies
seems relevant. It builds on sociotechnical systems to understand and potentially influence
transitions and diffusion of sustainable innovations. Its starting points are co-evolution
of sociotechnical systems; multi-actor processes; embracing uncertainty and complexity;
values and pluralism; normative directionality; and a focus on stability and change [9,10].
As such, it has a significant conceptual and theoretical contribution. However, in the field
there is less focus on quantitative approaches and assessment [74], which offers room for
contributions by Systems Engineering.
A second relevant field is sustainability assessment. It shares with Systems Engineering a strong focus on methodology, quantification, systems, and technology, which might
be helpful as both fields speak the same language. However, the field seems to be ahead in
addressing complex problem solving and being of policy relevance, e.g., by broadening
of scope ([95–102]) to clarify the ambivalent and disputed concept of sustainability and
assess it in all its dimensions; by strategic future orientation and dealing with uncertainties ([101–108]); by participative approaches and dealing with stakeholders, normative
aspects, and plurality ([107,109–115]); by analyzing how assessments can support policymaking and governance ([78,106,114,116–119]); and by increasing reflexivity and making
the normative basis of assessments explicit ([78,101,102,117,120]).
6. Final Conclusions
We set out to discuss the value and limitations of a Systems Engineering approach
for contributing to societal challenges, in particular the energy transition. We did so by
approaching the energy system as a sociotechnical system. We unpack the stakeholders’
roles, agency, and acceptance in the case of the Naastenbest project in Best. It revealed the
pluralism between and within stakeholder groups, the distributed agency, the relevance of
trust and decision-making processes, and the context-dependency. Finally, we discussed the
challenges this poses for the traditional Systems Engineering approach; we indicated several potential strategies to address these challenges; and identified two fields that can help
clarify how to address these challenges: transition studies and sustainability assessment.
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