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Abstract. The sustainable energy transition (Energiewende) is a multidisciplinary challenge. While for technical disciplines, the focus is on
the development of technologies which can supply, transmit and store
energy in a sustainable way, economic research focuses for example on
the analyses of costs and risks of diﬀerent asset portfolios. Yet another
perspective is taken by the social sciences who focus on social challenges associated with the implementation of measures for realizing the
Energiewende (decarbonization, high energy eﬃciency, high shares of
renewables, nuclear phaseout), for example their acceptability. A solution
for energy supply and storage which is optimized only according to one of
these perspectives will, however, fail to meet other essential criteria. To
develop sustainable solutions for energy supply and storage, which are
technically feasible, cost-eﬀective, and supported by local residents, interdisciplinary cooperation of researchers is thus needed. Interdisciplinary
research, however, is subject to many barriers, for example the need to
agree on a common analytical framework. In this paper, a process model
for interdisciplinary energy research is proposed, in which specific scenarios are used to aid interdisciplinary cooperation and reciprocal integration of results. Based on a current research project, the phases of the
model and the use of the scenarios in disciplinary and interdisciplinary
work packages are described, as well as challenges and shortcomings of
the model.
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Introduction

The inherent high volatility and limited predictability of the growing number
of renewable power generation capacities in Europe and especially in Germany
poses various challenges for a stable operation of the electricity grid (Holttinen [24]). This is a result of the requirement for an equilibrium between power
generation and consumption at any time. In order to compensate for these
characteristics of renewable power generation, flexible and eﬃcient dispatchable
energy conversion and storage units are needed today and in the future (Bouﬀard
et al. [9]). Centralized large-scale units are one option to provide this required
dispatchable capacity (e.g. coal fired power plants, combined cycle power plants,
pumped storage power plants). An alternative is the deployment of smaller distributed units, e.g. in a municipal context. The utilization of these units leads
to a better convergence of power production and consumption profiles on a local
level and hence oﬀers the potential of enhancing the electrical autarky of municipal energy supply systems while reducing the pressure on the higher voltage
levels of the electric grid.
In recent years, the economic perspective on the energy transition in Germany
seems to have changed to some extent. While the focus in the last decades was
mainly set on getting the diﬀusion of renewable energy technologies started,
the resulting increase of the electricity price imposed some pressure on policy
makers to limit the rise. One measure was to switch from the promotion through
guaranteed feed-in tariﬀs to an auctioning system for wind power and large PV
plants, so that only the most competitive projects are realized (EEG 2016, §2
(3)). The first auctioning round conducted in spring 2017 resulted in citizens’
energy initiatives receiving 93% of all awards (BMWi [15]). How this aﬀects the
diﬀusion of renewable energy projects and more specifically municipal energy
systems remains to be seen. One option could be that local projects will forgo the
strong competition for the declining national funding but turn towards business
models that allow for local financing, e.g. with the support of a municipality or
additional returns for local green electricity.
While the necessity of turning away from fossil fuels towards renewables is
widely acknowledged and supported by the general public (Zoellner et al. [54]),
specific energy projects have raised protests by (local) residents, especially large
scale technologies and associated infrastructures (e.g., wind farms, transmission
lines) (Wüstenhagen et al. [47]). While in the past, slow diﬀusion and a lack of
social acceptance also occurred, the scope, pace and organization of protest has
dramatically changed (Marg et al. [38]), delaying projects and leaving residents
unsatisfied with the development process (Gross [20]). The reasons why local
residents oppose energy infrastructure are manifold. Among other reasons, landscape impact of the energy infrastructure plays a role for its social acceptability
(Wüstenhagen et al. [47], Hirsh and Sovacool [22], Johansson and Laike [27]),
and, closely connected to this issue, environmental concerns (Krewitt and Nitsch
[29]). Health concerns have also been shown to aﬀect public attitudes toward
energy infrastructure, for example, fear of infrasound in the case of wind power
plants, or of electromagnetic fields in the case of transmission lines (Songsore and
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Buzzelli [43], Baxter et al. [3], Wiedemann et al. [44]). Besides these concerns,
the social setting of the planning process has an impact on local acceptance of
energy infrastructure. It has been found that trust in the involved stakeholders (Huijts et al. [25], Bronfman et al. [11]) as well as perceived fairness of the
decision process (Wolsink [46], Liebe et al. [35]) can also have an influence on
the perception of local energy infrastructure. From a planning perspective, the
claim has been made that participatory approaches, which value and integrate
the parties concerned in early stages, are more likely to gain approval with local
communities (Langer et al. [32], Raven et al. [40], Schweizer et al. [42]). This
requires openness from the planners’ perspective towards alternative options
(Schweizer et al. [42]) and the acknowledgement that there is more to energy
infrastructure planning than technical requirements.
An interdisciplinary approach, in which energy supply scenarios are not only
evaluated from a technical, but also from an economic and social perspective,
can help to develop solutions which take into account the technical, economic
and social challenges associated with the changes to the energy supply system,
and thus provide holistic solutions to a complex problem. Especially the early
integration of social factors in early stages of the technology development process can help to overcome some of the above mentioned barriers (Zaunbrecher
and Ziefle [48]). Interdisciplinarity, in this context, is understood as “a coordinated collaboration between researchers from at least two diﬀerent disciplines,
which can manifest itself in a simple exchange of ideas to the point of integration of methods, concepts and theories” is referred to (Hamann et al. [21]).
Especially for global challenges like climate change or energy supply, interdisciplinary approaches are called for (Wilson [45]), because these complex topics
cannot be answered by one discipline alone and “do not exist independently of
their sociocultural, political, economic, or even psychological context” (Brewer
[10]:329). While the methodological variety of interdisciplinary approaches oﬀers
the benefit of capturing a problem more holistically, the assembling of “their partial insights into something approximating a composite whole” (Brewer [10]:330)
still presents a challenge. Barriers to interdisciplinary work are, e.g. diﬀerent scientific cultures, thus also diﬀerent frames of references and methods, with which
problems are approached (Brewer [10]). Furthermore, the problem of communication, based on a diﬀerent “language” of each discipline, can hinder successful
interdisciplinary collaboration (Brewer [10], Holbrook [23], Jacobs and Frickel
[26]). It requires the researchers involved to translate their concepts, approaches
and ideas into terms that members of other disciplines can relate to (Holbrook
[23]). Institutional barriers, such as incentives, funding, and the priority given
to interdisciplinary over disciplinary work present a further challenge (Brewer
[10]). It was in fact found that the more institutions are involved, the less knowledge outcomes are reported, due to higher coordination costs and more eﬀort
required to sustain strong working relationships (Cummings and Kiesler [14]).
Distributed team members mostly do not know each other, and therefore have
weaker ties, and, consequently, less communication (ibid.). Disciplinary structures, like specialized journals or conferences further hinder interdisciplinary
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exchange by supporting an inner-disciplinary communication rather than interdisciplinary exchange (Jacobs and Frickel [26]). Moreover, there can be a lack of
knowledge about possible contributions and opportunities for collaboration with
other disciplines, due to “disciplinary assumptions about the “other” half of the
system [based on] simplistic models” (Lélé and Norgaard [34]:968).
Although some of these issues might not be unique to interdisciplinary teams
(Jacobs and Frickel [26]), the variety of challenges on a content and institutional
level illustrates the complexity of interdisciplinary research.
In this paper, a process model for interdisciplinary research is presented, taking an energy-related project as an example, which seeks to overcome some of
these challenges. It presents a specific application of an interdisciplinary research
approach to questions of energy supply, and moreover, can serve as a guideline
for other interdisciplinary projects in other contexts with regard to the various
stages of cooperation. It is shown how in the diﬀerent phases of the model, interdisciplinarity is achieved as a process from separated, multidisciplinary research
to fully integrated interdisciplinary research. In particular, it is shown in detail
how energy-supply scenarios were used in the process to facilitate communication and data exchange between the disciplines and how those scenarios were
defined in a coordinated process between the disciplines, taking into account
requirements on the one hand, and applications of the scenarios in disciplinary
and interdisciplinary research on the other hand.

2

Interdisciplinary Process Model

The process model (Fig. 1) describes the research process in the research project
KESS1 . In this project, an interdisciplinary group of researchers develops energy
supply scenarios for municipalities, including electricity production, transmission and storage. The energy supply scenarios are analyzed from a technical perspective by researchers from mechanical and electrical engineering, an economic
perspective by researchers from energy economics, and a social perspective, by
researchers from communication science and linguistics. The research process is
illustrated in the following chapters by first referring to the process model which
was followed and afterwards by a detailed description of the scenarios which
were applied in key stages of the research process. Overall, the research model
describes a continuum from an “informal communication of ideas” to “formal
collaboration” (Lattuca [33]).
In the first stage, stage one, the disciplines are at the beginning of the interdisciplinary collaboration. In this stage, their collaboration is thus characterized
by a multidisciplinary, not an interdisciplinary approach (Jungert [28]), as the
connection is not yet established through collaboration, but -at least- through a
shared research topic (energy supply for municipalities). Thus, the research style
here is rather a “parallel play” (Aboelela et al. [1] than an integrated approach.
During this phase, each discipline defines relevant research topics and thus lays
1

For information on the project see http://www.comm.rwth-aachen.de/index.php?
article id=954&clang=1.
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Fig. 1. Process model for Interdisciplinary Collaboration (Zaunbrecher et al. [53]).

the basis for later cooperations. The importance of this phase is underlined by
the fact that disciplinarity is “considered [one of] the most important factors for
successful interdisciplinary collaboration” (Hamann et al. [21]).
The research questions which are developed in this initial phase are thus
also of uni-disciplinary nature, as “every component of [the] research problem
calls for a diﬀerent science” (Krohn [30]). Examples for uni-disciplinary research
questions concern, e.g., the interconnectivity between diﬀerent technical parameters from a technical perspective (Bexten et al. [5]), or the perception of single
components of the system from a social perspective (Zaunbrecher et al. [52]). In
order to align the results, the framing parameters of the energy supply scenario
are loosely defined, e.g., which components define the energy supply system,
how many inhabitants the municipality has, how large the annual electricity
consumption is and how large the share of electricity produced by renewables is.
In the second stage, the multidisciplinary approach has progressed to a “multidisciplinary approach with exchange”. Although all disciplines still approach
the topic from their own perspective using their own methods, the process to
interdisciplinarity is further progressed by an exchange between the three perspectives. This exchange includes communicating methods, approaches, terminology, ideas and requirements for further collaboration, in order to enhance
mutual understanding (Armstrong and Jackson-Smith [2]). The mutual exchange
can help to overcome misunderstandings between the disciplinary perspectives
(Hamann et al. [21]), and, on a diﬀerent note, enhance the understanding for
possible contributions of the other disciplines and thus open the floor for further
collaborations. It also creates the communicative basis which is needed for the
negotiation of the energy supply scenarios used in later stages of the process
model.
The first stage in which true interdisciplinarity is visible in the working process, in the research methodology applied, and the publications, is stage three.
Central benefits of interdisciplinary collaboration can be achieved during this
stage, e.g., the widening of the horizon of the researchers involved, and the innovative potential through the combination of knowledge (Hamann et al. [21]).
It diﬀers from stage two in the fact that now, research questions are formulated and approached which can no longer be solved by one discipline alone,
thus requiring multiple disciplines to closely collaborate. In this stage, bilateral
teams of two diﬀerent disciplines approach a common research topic and align
their methodological approaches. In the KESS project, which is referred to as an
exemplary project, the research questions at this stage concerned socio-economic,
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socio-technical and techno-economic issues. For example, it was investigated how
hydrogen storage was perceived by laypersons and in how far this matched the
technical realities (Zaunbrecher et al. [50]). In order for the data acquired during this stage to be usable across disciplines, the framework of the research
has to be more closely defined, to ensure transferability and comparability of
the data. Therefore, scenarios are defined by boundary parameters which define
the research context for all disciplines involved, comprising, e.g. obligatory and
optional components of the system and the specific technologies involved. It is
also negotiated on which level of detail the analyses will be conducted, in order
to ensure the resulting data are comparable. The specific scenarios used in the
exemplary project and how they were derived from the requirements of the different disciplines are presented in Sect. 3.
In stage four, mature interdisciplinarity and elaborate communication
between the disciplines is achieved. The research topic is approached using a
multi-method approach, combining viewpoints, methods and approaches from
all perspectives. It is an advancement to stage three because instead of bilateral
teams, all disciplines involved in the research project now collaborate on a single
research question. These joint eﬀorts are supported by the ever increasing trust
of the partners into the potential of the collaboration in terms of working quality
and scientific merit. In the KESS project, the energy scenarios (defined in stage
three) are evaluated from all involved perspectives in a parallel working process,
in order to achieve a multidimensional evaluation of the scenarios, in which the
diﬀerent properties of the scenarios (technical, social, economic) can, in a final
step, be weighted against each other. For the social acceptability, the evaluation
could refer to a relative preference value for each scenario which will be derived
using conjoint analysis (for a similar procedure see, e.g., Zaunbrecher et al. [51]).
The degree of self-suﬃciency of the investigated energy supply system scenarios is one example for a core criterion from a technical point of view. Another
possible candidate for a technical criterion, focusing on the ecological impact,
is the total amount of CO2 emissions during an analyzed time period. The economic assessment, in turn, tries to optimize the monetary value of a proposed
scenario. The predefined scenarios function as a baseline for the level of detail
for the analysis. By attributing one value per perspective to each scenario, an
interdisciplinary exchange about the overall suitability of a scenario is possible.
Furthermore, trade-oﬀs between the perspectives can be discussed (e.g., in which
context should a socially acceptable scenario be preferred over an economically
eﬃcient one?). According to the combined evaluation from three perspectives,
the scenarios can then, as a final step, be qualitatively ranked according to suitability.
Stage five represents the transferral of the interdisciplinary evaluation of
the scenarios into practice (transdisciplinarity). In this stage, the results from
stage four are operationalized in a tool which allows decision makers to gain
insights into diﬀerent suitable energy supply scenarios according to his needs.
The technical, economic and social requirements towards the energy supply can
be predefined and, on this basis, possible suitable scenarios are suggested. As a
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prerequisite, the multidimensional evaluation from stage 4 is needed. The tool
would allow decision makers to enter framework conditions according to their
local requirements. The tool would then, based on the framework conditions,
suggest potential energy supply scenarios, which are characterized by technical,
economic and social attributes. Besides being useful for planners, such a tool
could enhance understanding of laypersons of planning procedures and conditions which need to be taken into account for the planning of large infrastructure
projects. Similar approaches can be found in the context of urban green space
planning (Grêt-Regamey et al. [19]) or wind power planning (Cavallaro [12],
Gamboa and Munda [18]).

3

Definition and Integration of Energy Scenarios

Beginning at stage 3, specific scenarios were defined in an interdisciplinary
exchange to help coordinate research paths and align the depth of the analyzed data. This was considered an essential step in order to be able to compare
data from the diﬀerent disciplines. While the research scenario was only loosely
defined in the first stages, specific scenarios were formulated for the final stages
of the research process.
The scenarios used for the exemplary case presented in this paper are set
up in order to represent a mid-sized municipality with a high share of volatile
renewable power generation. It is assumed that there a roughly 10,000 inhabitants living within the municipality and that the associated households are the
predominant consumers of power. The result of these assumptions is an annual
power consumption of 20 GWh. Regarding the set up of the renewable power
generation within the municipality, all scenarios follow the concept of “integral
autarky”. This means that the number of installed renewable power generation
capacities (i.e. wind turbines and photovoltaic panels) is chosen in a way that the
corresponding annual power generation is equal to the annual municipal power
consumption. This approach is not comparable to full autarky of the municipality due to the inevitable temporal mismatches between volatile renewable power
generation and power consumption. In order to maintain the balance between
power generation and consumption, the municipality can interact with the grid.
Renewable power is fed into the grid in times of excess generation while power
is supplied by the grid in times of residual demand. In addition, energy storage
and conversion units are integrated into the scenarios (i.e. battery storage and
hydrogen storage). These units are used to store and produce electricity on a
local level, thus reducing the need for grid interactions.
Regarding the renewable power generation capacities, a reference year in the
region of Aachen, a mid-sized city in Western Germany, is chosen to provide data
for solar irradiation and wind speeds. For solar power, installation on rooftops
was assumed rather than a solar park. Furthermore, the types of components
used (i.e. wind turbines, solar panels, battery storage, hydrogen storage) are
technically specified for the scenarios (Bexten et al. [4]).

ziefle@comm.rwth-aachen.de

84

3.1

B. S. Zaunbrecher et al.

Disciplinary Parameters and Scenario Requirements

Apart from the reference framework described above, each perspective had specific requirements for the definition of the scenarios.
Technical: From a technical point of view, the main purpose of the scenarios is
the analysis of the interaction between renewable power generation capacities,
local consumers, and dispatchable energy storage and conversion units within a
municipal energy supply system.
On the one hand, these investigations focus on overall system performance
parameters that are influenced by the interaction between the renewable power
generation portfolio and the configuration of the dispatchable energy storage
and conversion units. Investigated performance parameters include the selfsuﬃciency of the municipal energy supply system, the power exchange with the
upstream transmission grid and the total CO2 emissions of the system. The scenarios used for these investigations have to incorporate a wide range of diverse
renewable power generation portfolios in order to capture the individual characteristics of wind and solar based renewable power generation like seasonal
and short-term volatility. In addition, the scenarios also have to incorporate an
extensive set of energy storage and conversion unit configurations in order to
highlight the individual capabilities of the investigated technologies (e.g. shortterm battery storage vs. long-term hydrogen storage).
On the other hand, the scenarios are used for a detailed analysis of the dispatchable units operation regarding the degree of utilization and the flexibility
requirements. These investigations require information on the time-dependent
dispatch and performance of the individual system components within the scenarios. To be able to include these aspects into the scenarios, high fidelity models
of the components, incorporating part-load characteristics and operational flexibility parameters, have to be integrated into the overall model of a municipal
energy supply system. This approach subsequently enables the detailed timedependent simulation of the energy supply system operation within a predefined
scenario after a corresponding operational strategy is defined.
Economic: Scenarios help to estimate costs and benefits of diﬀerent asset portfolios in the economic assessment. In early stages, they support decisions such as
either to focus on a calculation with total values (e.g., a Net Present Value analysis) or to head for relative values such as levelized costs of electricity (LCOE).
Especially for the optimization of scenarios that compare technologies with very
diﬀerent shares of capital and operational costs and diﬀerent life expectancies,
or to account for diﬀerent operational strategies, LCOE are often preferable.
However, a holistic economic analysis should not only account for the monetary
cost benefit analysis but should also consider aspects such as portfolio optimization, investment risks and the capital structure. To preclude technically
unfeasible constellations, predefined scenarios can narrow down the scope for an
economic optimization, but still the scenario with the highest expected return
does not necessarily have to be the best advice or preferred option for a planner. This is due to the investment risk and the fact that many, typically rather
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risk averse decision makers, should search for a trade-oﬀ between profitability
and risk (Madlener [37]). Scenarios with a strong focus on only one source of
uncertainty (e.g. “only wind plants”) are often more vulnerable to external factors and errors in the assumptions, whereas the versatile scenarios (e.g. “wind
power, PV and battery storage”) provide more reliable estimates leading to a
lower investment risk. Or, to put it diﬀerently, a scenario with reliable returns
might still be preferred to a highly speculative scenario even with lower average
returns.
Social: For the analysis of the social acceptability of energy scenarios, it is indispensable that the scenarios which are to be evaluated are technically feasible, in
order to ensure technical relevance of the acquired results. Also, whenever users
are included with the task to engage themselves with the scenarios and evaluate
the social acceptability, it is mandatory that the scenarios are actually realistic.
Therefore, the technical feasibility of the scenarios needs to be determined as
a first step (cf. methodological considerations in Zaunbrecher et al. [49]). This
included the number and combination of infrastructural elements, in this case,
electricity production and storage infrastructure. Furthermore, information on
the specific local impact of the technical infrastructure, for example in terms
of size, was needed, in order to explore questions of local visual impact of the
infrastructure (McNair et al. [39], Johansson and Laike [27], Devine-Wright and
Batel [16]). Further important information included technical consequences of
combinations of components, such as the degree of self-suﬃciency of the municipality, determined by the type and number of PV panels, wind turbines and
storage technologies. These technical consequences can serve as potential tradeoﬀs for laypeople in their evaluation of the scenarios (e.g., more self-suﬃciency
means more local storage infrastructure). Despite the necessity of some technical
framework conditions, it had to be taken into account that the participants in
the socio-psychological studies should not be overstrained with too many technical details that are outside of their level of knowledge and not relevant for social
acceptance on a broad level of scale. For example, although technically relevant,
it was determined that the specific technical components, in terms of particular products with technical performance data, need not be determined in detail
for the use in social-psychological analyses. This is justified by the explorative
nature of the research: As literature on the social acceptability of electricity
storage technologies is still scarce, the goal of the analyses within the scope of
the project was to gain a general understanding of acceptance-relevant parameters of electricity storage in general, not with relation to one specific model of an
electricity storage facility. In order to present systematically varying scenarios to
the participants, it was also necessary to define attributes of the scenarios which
could be implemented in diﬀerent variations (e.g., attribute “storage” could be
implemented as battery storage, hydrogen storage, no storage etc.).
3.2

Final Scenarios

The final specifications of the scenarios (Table 1) were the result of a balancing
process between the three perspectives described in the previous section. The
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scenarios varied in the renewable power generation portfolio and the type of
local storage technologies. The decision to define diﬀerent shares of wind and
solar based renewable power generation was mainly influenced by technical and
social considerations. The shares should correspond to integer numbers of the
same type of wind turbines and solar panels to make the scenario feasible from a
technical point of view. At the same time, there should be substantial diﬀerences
between the scenarios (e.g., not 33% vs. 35%), so that the diﬀerences are relevant
to laypersons and the diﬀerent technical characteristics of wind and solar based
power generation are highlighted. According to these requirements, shares of
around 30/70 and 50/50 were chosen. The impact of the integration of electricity
storage into the scenarios was operationalized by the diﬀerentiation between
battery and hydrogen storage systems. It was refrained from including diﬀerent
technical specifications of the battery or hydrogen storage systems, as these
diﬀerentiations were considered to be too detailed information for laypersons.
The combination of these two factors resulted in 12 scenarios (Table 1), which
are used in subsequent stages for interdisciplinary research approaches.
Table 1. Energy supply scenarios (Zaunbrecher et al. [53]).
Scenario Electricity mix

No. wind
turbines

No. PV
modules

Storage

A1

73% wind, 27% PV 3

1025

No storage

A2

73% wind, 27% PV 3

1025

Battery storage

A3

73% wind, 27% PV 3

1025

Hydrogen storage

A4

73% wind, 27% PV 3

1025

Hydrogen + battery storage

B1

49% wind, 51% PV 2

1960

No storage

B2

49% wind, 51% PV 2

1960

Battery storage

B3

49% wind, 51% PV 2

1960

Hydrogen storage

B4

49% wind, 51% PV 2

1960

Hydrogen + battery storage

C1

24% wind, 76% PV 1

2695

No storage

C2

24% wind, 76% PV 1

2695

Battery storage

C3

24% wind, 76% PV 1

2695

Hydrogen storage

C4

24% wind, 76% PV 1

2695

Hydrogen + battery storage

3.3

Integration of Scenarios in Disciplinary and Interdisciplinary
Research

The scenarios defined in Table 1 were used in disciplinary and interdisciplinary
research approaches.
Technical: In a first approach, the described scenarios were used as input parameters for the simulation of the municipal energy supply system operation. The
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subsequent analysis of the simulation results mainly focused on the impact of
the diﬀerent predefined dispatchable energy storage and conversion units on the
self-suﬃciency of the overall system and the remaining power exchange with
the upstream transmission grid (Bexten et al. [6]). In addition to the analysis
from a technical point of view, the main findings of this study also served as
input parameters for subsequent studies focusing on the social acceptance of the
scenarios. Due to the fact that the simulation results indicated a high operational flexibility requirement by the gas turbine as part of the hydrogen storage
system, additional investigations were conducted. These investigations focused
on options to reduce the number of start-ups and fast load changes of the gas
turbine by using additional battery storage capacity (Bexten et al. [5]).
In a following step, the scenarios were used as a framework for more detailed
investigations regarding the capability of individual dispatchable units to enable
a more eﬃcient integration of the volatile renewable power generation capacities
into the overall energy supply system. An example for this kind of investigations
is an analysis of the potential of wind farm forecast error compensation by the
utilization of flexible combined heat and power units (Bexten et al. [7]).
In future studies, the scope of the scenarios and the associated simulations
will be extended to the municipal heat demand and the potential to provide the
required heat with dispatchable units. This allows for the conduction of a wide
range of studies within the rapidly growing research field of “sector coupling”.
Besides a number of technical research questions that can be answered using the
extended scenarios (e.g. optimal use of heat storage capacities), an additional
dimension is added to the studies focusing on the social acceptance of municipal
energy supply systems.
In addition to the extension of the technical scope of the scenarios, future
work will also focus on a closer link between the technical and the economic
aspects of the scenarios. Previous studies mainly used simplified operational
strategies and predefined configurations of the renewable power generations
capacities and the dispatchable energy storage and conversion units. The planned
integration of economic parameters (e.g. investment costs, operational costs) and
corresponding optimization algorithms will enable the determination of optimized forecast-based control strategies as well as the composition of economically
optimized system configurations.
Economic: To enable potential decision makers to evaluate the trade-oﬀ between
risk and value, a pre-simulator was programmed. The goal was to minimize computational time for this simulator to be able to use it live in discussions with
decision makers or activists. As input to this simulator, the parameters and
limitations from the technical perspective had to be taken into account. While
less precise than the technical simulation, this pre-simulator allows for a quick
overview of the economic viability and risks of diﬀerent technical generation
portfolios, which can subsequently be addressed from a social perspective. The
results can help to keep risk at a socially acceptable level without losing too much
of the economic value. Besides of the quick pre-simulation, the technical simulator was also taken up as base for an advanced economic simulation. Adding
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costs and using the Monte Carlo simulation technique to account for uncertainties, we currently investigate their impact on the value distribution. Since the
acquisition of national funding became more complicated and competitive with
the recently introduced auctioning scheme in Germany, a further focus was put
on the evaluation of diﬀerent financing schemes. Several alternatives, such as a
focus on green electricity certifications or municipal funding, are discussed as an
alternative, depending on the pursued energy solution. This again goes hand in
hand with social acceptance, since it is unlikely that, for example, a municipality
would support a project that lacks support by the residents.
Social: The scenarios were used as a basis for various socio-psychological studies
in close cooperation with the researchers from technical disciplines. In a first,
exploratory approach, the scenarios were used in focus groups. Focus groups
are organized group discussions, which serve the purpose to gain broad insights
into attitudes, experience and motives of participants regarding a specific topic
(Krueger [31]). The scenarios were used as an anchor in the discussions, using
a scenario builder (Fig. 2), while the participants discussed not only the single components of the scenarios, but also discussed the diﬀerences between the
scenarios. The scenarios further helped to introduce participants to a the situation where they were asked to imagine the energy supply of their hometown
would be renewed and diﬀerent options were available, because the scenarios
were suﬃciently concrete. The results of this stage of research included general
acceptance-relevant parameters for the single components of the energy supply
system (battery and hydrogen storage, wind power and PV), as well as dimensions for trade-oﬀs between the scenarios. In a next step, acceptance for the
scenarios was quantified by means of a conjoint analysis (Luce and Tukey [36]),
in which the scenarios were decomposed into their single components. Participants could then state their preferences for combinations of components (energy
supply scenarios), so that the relative, quantified preference for each energy supply scenario (defined in Table 1) could be calculated. In this way, the preference
for a scenario from a social point of view can, on the one hand, be integrated
as a boundary parameter in technical simulations, and, on the other hand, be
compared side-by-side to technical and economic evaluations of the scenarios (cf.
Stage 4 of the Process model).

4

Discussion

While the interdisciplinary approach, for which a process model is proposed in
this paper, has many advantages when complex topics such as energy supply
are addressed, the intensive collaboration required on diﬀerent levels also has its
drawbacks. In order to align their research interests and to ensure comparability
and the ability to integrate data from the diﬀerent disciplines, the representatives of the disciplines involved have to agree on a certain level of detail of the
analysis, as, in this example, was done when the scenarios were defined. From the
(still) relatively broad definition of the scenarios (Table 1), it becomes obvious
that the interdisciplinary approach bears the cost of disciplinary detail. From an
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economic, technical or social perspective alone, the scenarios would have been
defined diﬀerently, with a diﬀerent level of detail in certain aspects. It could thus
be argued that this approach results in a lack of depth of analyses (Hamann et al.
[21]). In order to counterbalance this caveat, continued disciplinary approaches,
in addition to the more general, interdisciplinary analyses, are necessary. In this
way, the level of detail which cannot be covered by interdisciplinary approaches
can be tackled by more detailed, disciplinary approaches while at the same time
providing a level of detail regarding the data which can still be used for integration with other disciplines.

Fig. 2. Scenario builder for social acceptance studies (Zaunbrecher et al. [53]).

Regarding the transferability of the process model to other research projects,
some limitations need to be mentioned. An advantage of the KESS project was
the fact that all members of the research project were based at the same university, so that institutional barriers were probably lower as if diﬀerent organizations
had been involved (Cummings and Kiesler [13]). Moreover, while the model can
provide some guidelines for interdisciplinary research projects, its application
cannot guarantee the success of interdisciplinary collaborations. This might be
subject to the research topic (content) of the project, the disciplines involved,
or even the researchers themselves (Rhoten and Pfirman [41]).
While it is increasingly acknowledged that interdisciplinarity should be the
methodological approach to address complex problems, and that it presents a
core academic competence (Boddington et al. [8]), education at universities does
not systematically incorporate interdisciplinarity as an inherent component of

ziefle@comm.rwth-aachen.de

90

B. S. Zaunbrecher et al.

content-related questions across disciplines. It should therefore be an aim to
“train future scholars and professionals to think way beyond the confines of
their basic disciplines to attain the broadest perspectives so urgently needed
for environmental protection.” (Brewer [10]:333). Novel modules in diﬀerent faculties, in which interdisciplinary methods are interlinked with content related
questions to teach multiperspective problem solving, could address this need.
First evaluations of such courses have shown the potential to change students’
mindsets and promote openness towards interdisciplinary collaborations (Drezek
et al. [17]).

5

Conclusions

The paper has presented an example of how interdisciplinary research in the field
of energy supply can be achieved using a step-wise process model which shows
how researchers from diﬀerent disciplines can interact with each other to move
on from multidisciplinary research, in which the disciplines are still separated
from each other, to truly integrated, interdisciplinary research. Energy supply
scenarios can help in this process to align research interests, and to provide a
basis for mutual data integration. As an advantage of this research approach, the
enabling of close cooperation as well as the communication about requirements
and goals, and a common level of detail were achieved. As a disadvantage, the
possible lack of detail of the analyses was identified, along with measures to
counterbalance this development. While the model is generally applicable to
other research projects, it should not be taken as a guarantee for successful
interdisciplinary research, as this depends on multiple factors.
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