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A B S T R A C T   

In order to analyse long-term viable solutions for future energy supply, transparent and robust energy scenarios 
are needed. These require including diverse expertise as well as thoroughly analysing the option space and 
considering stakeholders’ interests. We propose that using Morphological Fields in inter- and transdisciplinary 
project groups is appropriate and show how this can be translated into practice for the development of regional 
scenarios. Besides the technical tools developed to create scenarios, interactively visualise assumptions and allow 
for scenario variations, a combination of morphological fields is presented that includes the basic scenario 
definition with respect to main sustainability criteria together with the basic assumptions for each respective 
technology. The first usage of the methodology in the project EnAHRgie illustrates its applicability in practice.   

1. Introduction 

Designing a long-term viable energy supply is one of the grand 
challenges of our time. Concerns about the usage of non-renewable re-
sources and the large environmental impacts of the current energy 
supply systems lead to a politically induced essential restructuring, often 
labelled ‘energy transition’. In recommendations on how to act in this 
context, the focus is currently placed on the reduction of CO2 emissions 
in order to limit anthropogenic climate change. Major measures 
concentrate on a highly increased use of renewable energy sources or 
even a complete switch to renewables. Due to large potentials in rural 
areas, facilities are preferentially installed at sites that so far have not 
been used for final energy production. Particularly with medium and 
large size plants as well as larger complexes of plants, the required 
amount of land use and the induced visual change of the geographical 
landscape lead to conflicts, which need to be considered for imple-
menting those plants. A crucial detail in the planning process is that final 
decisions on constructions of facilities are taken by local communities 
and private individuals. In this context scenarios of potential energy 
supply of a region serve as decision-supporting instruments showcasing 
possibilities as well as impacts and limits of regional development with 
respect to renewables. 

In our case study we concentrate on the regional level. The task was 

to develop tools which can be applied to elaborate a concept for future 
energy supply for small regions in Germany. Against this background, in 
section 2 requirements for scientific decision support which are taken as 
starting point for our work are presented before options for scenario 
analysis with specific focus on the task are conveyed (section 3) and the 
followed methodologies and developed instruments are discussed (sec-
tion 4). The results show the potentials of using morphological fields in 
an inter- and transdisciplinary project group (section 5). 

2. Aims and basics of scientific decision support 

Assuming that we act and plan our actions rationally, the task of 
scientific policy support is to reconstruct normative backgrounds on 
assessments and on decisions regarding technologies, based on rational 
reasoning, in order to contribute to ethically reflected and responsible 
decisions. These analyses focus on conditions, ends, means and impacts 
of technologies [1]. Besides action and orientation knowledge, a robust 
anticipation of systemic correlations and influences is a particularly 
important factor in reconstructing the situation in a rational and 
responsible way and in reflecting upon potential decisions. At the same 
time, diverse kinds of (partly inherent) uncertainties related to future 
events and to the systemic correlations, which also depend on the 
framework conditions, make predictions impossible for complex systems 
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like the energy supply system. 
Under these conditions, one crucial requirement of rational actions 

and plans is to ensure as far as possible that the plans will work in the 
end, i.e. that they are safe and secure. Droste-Franke et al. [2] show that 
robust solutions fulfilling this requirement have to be “dynamically 
stable” in the sense that they are robust with respect to adverse impacts 
from the outside and allow for taking advantage of unexpected, fortu-
nate developments. Furthermore, solutions need to be “socially robust” 
so that they are acceptable within a wide range of diverse interests and 
value commitments [ibid.]. Such solutions require policy support that is 
“epistemically robust” – invariant to fluctuating or unknown pertinent 
causal factors and factual conditions – and, again, “socially robust” so 
that it is invariant with respect to a large range of interests and value 
commitments [ibid.]. More practically, this requires that knowledge 
needs to fit to the purpose. Besides scientific experts, technical, profes-
sional, and local experience-based experts need to be considered and 
normative elements need to be set up in the right way. A large spectrum 
of options should be considered including uncertainties to ensure 
transparency and particularly to highlight decisive issues and correla-
tions. From the analysed options, those should be selected which do not 
oppose major societal values. Robustness has to be seen as ideal which 
may be difficult to achieve in praxis. Scenario analysis, as discussed in 
the next section, is a widely chosen basic instrument to follow the pro-
posed procedure. 

We took the challenges and necessary features of potential solutions 
derived as results within the interdisciplinary project cited above as 
basic starting point to design the approach which we present here. 

3. Scenarios as instruments for decision support 

Considering the challenges discussed above, options for future de-
velopments need to be analysed as a first step to get an overview of 
potential actions that can be taken to reach a fixed set of goals. However, 
in a national as well as in a regional context, this requires that goals have 
already been defined and agreed upon by the legal and political repre-
sentatives and respective institutions. National goals do not necessarily 
directly translate into goals on the administrative levels below the na-
tional level, e.g. on county and regional, district, or municipal level. 
Even if an aim like 100% energy supply with renewable energies has 
been defined as a goal, further indicators will be needed to consider 
other aspects of energy supply and to narrow down the set of options to 
the ones which are acceptable. 

In order to analyse what instruments should ideally be used in such 
scenario analyses, in the next sections, types of scenarios are discussed 
together with the features scenarios can provide before the respective 
instruments for scenario analyses are introduced. 

3.1. Definition and types of scenarios 

Scenarios represent possibility statements with respect to a specific 
context. They try to answer the questions, “What will happen? What can 
happen? and How can a specific target be reached?” ([3], p. 725), rep-
resenting three modes of thinking [4]. Additionally, it must be explored 
if the structures of the circumstances that are analysed remain un-
changed, need to be changed, or will undergo changes through events. 
Respectively, the analysed factors affecting the results need to be sub-
divided into factors that can be influenced (internal factors) and factors 
that cannot be influenced (external factors) by the involved actors. 

In summary, the following variants of scenarios can be distinguished 
[3]:  

1. Prognostic scenarios (“What will happen?”):  
a. Forecasts showing the most probable development.  
b. What-if-scenarios, making statements about what will happen as 

impact of a certain event.  
2. Explorative scenarios (“What can happen?”):  

a. External scenarios show what can happen if external factors, 
which cannot be influenced by the involved actors, change. Var-
iations can be used to test the robustness of strategies.  

b. Strategic scenarios answer the question of what can happen if we 
act in a certain way. They focus on internal factors, i.e. on the 
design of solutions. Goals are not fixed absolutely, yet indicators 
on target variables are considered for their evaluation.  

3. Normative Scenarios (“How can a specific target be reached?”)  
a. Preserving scenarios reveal how a certain goal can be reached 

under prevailing conditions. 
b. Transforming scenarios show how the structure of current con-

ditions needs to be changed to reach a fixed goal. 

For energy scenario analyses explorative and normative scenarios 
are particularly relevant. 

3.2. Application and functions of scenarios 

Depending on the context, scenarios can fulfil various features. 
Dieckhoff et al. [5] provide a comprehensive overview of those. In the 
following, we discuss the most relevant features with respect to the 
context of this paper. 

A highly substantial feature of energy scenarios is to generate 
accessible notions of the future. Scenarios can be applied to reveal new 
options, to reflect their consistency with current knowledge, and to 
evaluate them from various perspectives (ibid.). With this feature, sce-
narios can provide a very important basis for deliberative discourses of 
options. 

In discussions, scenarios can be used to consistently integrate all 
knowledge important for the analysis of certain developments. Besides 
scientific knowledge about technologies, economical processes, political 
and legal options, natural conditions and effects, psychological effects, 
human-physiological and sociological effects, relevant practical knowl-
edge of three kinds should be included: from (1) technical experts who 
know how to apply a fixed set of rules, from (2) professional experts like 
physicians, lawyers, and managers who deal with particular cases for 
which experience rather than rules and generalisations is needed, as well 
as from (3) experts native to the area who have advanced non-certifiable 
knowledge about the relevant domain [2]. Ideally, civil actors are 
directly involved in scenario analyses. This ensures a broader scope of 
the knowledge included in the process of scenario analysis allowing for 
the consideration of various interdependencies. Including such practical 
experts furthermore increases acceptability, and, thus, the social 
robustness of discussed solutions [2,5]. Additionally, through involving 
stakeholders at an early stage, the most acceptable options can be 
pre-selected, and potential goal conflicts can be identified. Scenarios are 
particularly valuable if they include both integration features, the 
integration of all forms of knowledge, and the practical integration of 
civil actors [5]. 

Scenarios can also be used to test options with respect to a certain 
desired development or to analyse what developments are possible with 
given specific measures. In a comparison of scenarios with different 
measures, pros and cons of options can be discussed. One has to bear in 
mind that it is virtually impossible to consider all optional measures and 
to cover all relevant potential developments. Thus, large uncertainties 
may arise. 

Furthermore, with the help of scenario comparisons, developments 
that are stable in all options can be analysed, and one can try to find 
measures that have positive effects in all variations. This could provide 
an approach to generalisation. Again, uncertainty is an issue here. The 
validity of partial analyses for statements pertaining the whole thing 
needs to be proven. 

3.3. Instruments for developing scenarios 

For the elaboration of sustainable regional energy concepts which 
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was the task of the work described here, we see the focus on the dis-
cussion of options for the regional actors. Starting with identifying 
relevant general sustainability aims for the regional energy supply, 
criteria and indicators are defined and respective multi-criteria optimi-
sation processes are carried out for different mixes of goals to derive 
scenarios for one specific year in the region of focus. Thus, we concen-
trate here on the construction of normative scenarios and the analysis of 
internal factors as basis for regional energy concepts in order to elabo-
rate instruments to make the features of technical options and respective 
systemic correlations visible for use in discursive processes. 

Following [3], in general three processes for the development of 
scenarios can be distinguished: 

The process of generation of ideas and data is of importance particu-
larly for explorative and normative transforming scenarios. The work-
shop approach is emphasized here, combined with a brainstorming 
process. It can be supported by models that must be able to consider 
structural changes if needed. 

The integration of the multiple aspects and the collection of data is often 
done by using mathematical models. Flexibility in causal links and 
additional qualitative analyses may be required. 

For consistency checks of scenarios, in particular expert panels are 
chosen to obtain constructive feedback. Approaches recommended here 
by B€orjeson et al. [3] are the Cross-Impact Analysis (CIA) and 
Morphological Field Analysis (MFA). CIA is a more quantitative method 
and involves the estimation of “how events affect one another” [6]. 
Often, conditional probabilities of events (by some authors called 
“causal probabilities”) are used: How the occurrence of one event in-
fluences the occurrence probability of another event is called “cross--
impact” [7]. This means that the order of events is important. MFA, on 
the other hand, only assesses the estimated consistency of events or 
variables, filtering combinations that are unlikely to coexist. Hence, 
MFA might be considered a simplified special case of a CIA assessment. 
B€orjeson et al. [3] see specific strengths in MFA, particularly for strategic 
and transformative studies [ibid.]. Due to the challenges of designing a 
future energy system, such as changing internal factors, large uncer-
tainty, ignorance and complexity, using MFA for internal factors in 
combination with sensitivity analysis for external factors seems to be a 
promising approach (cf. [3,8]). Chapter 4 introduces MFA as applied in 
our analyses of regional scenarios and shows its application to energy 
scenario analysis. 

4. Basic methodological approaches for regional energy 
scenario analysis – IQIB project groups and morphological 
analyses 

Carrying out scenario analyses for a smaller geographical region is a 
specific endeavour requiring the integration of local expertise and 
stakeholders into the process. For this purpose, a project group is set up 
in a specific way to fulfil the requirements of policy support (s. 4.1). As 
structuring tool morphological fields (4.2) are applied in a way that they 
maximally support the co-design process (4.3). The combination allows 
for deliberate and structured discussions and consideration of all rele-
vant kinds of knowledge within scenarios along the lines of a co-design 
process. This way, scenarios of regional energy supply can be elaborated 
that are robust with respect to the knowledge considered, provide an 
overview of the option space, and reflect relevant goals of the local 
actors. 

4.1. IQIB project groups 

Essential for the provision of problem-related knowledge is the 
combination of knowledge in a way that it fits the purpose and the 
implementation of options for evaluating the knowledge with respect to 
its practicality. In order to realise this within the projects of the IQIB, 
based on the concept of rational technology assessment (TA), the 
methodology of IQIB inter-disciplinary project groups was developed (e. 

g. Refs. [9,10]) and applied as well as modified further. Together with 
experts from relevant disciplines, it has meanwhile been used within 
about 40 applications to assess societal impacts of new technologies and 
new scientific developments and to derive recommendations for their 
handling. Specific features are intensive discussions in frequent meet-
ings over two to three years with high level experts of relevant fields, 
successively combining individual contributions in a discursive setting, 
and finally developing common recommendations. The aim of the 
method is to provide recommendations based on valid descriptive 
knowledge and harmonised normative goals ([9], p. 37). Such recom-
mendations for non-scientific purposes require knowledge and consid-
eration of/assessment of the rationality of the addressees. The basis for 
these assessments is deliberative discourses and “reason-based recog-
nition of validity claims” (ibid., 39), based on Habermas [11]. Addi-
tionally, reflexive elements are essential, which can be used to 
investigate limits and risks of the recommendations. The recommenda-
tions elaborated in this way are only valid in the context of the analysis. 
Inherent limits and uncertainties need to be made transparent and 
communicated openly to the decision maker. 

In order to use this approach for scenario analyses in regional con-
texts, in addition to scientific experts, technical, professional, and local 
experience-based experts need also to be included. This can be realised 
by extending the IQIB project group by adding respective trans- 
disciplinary experts. It is of key importance that the opinions of the 
local population are taken into consideration in the process as early as 
possible. Through involving local authorities and local inhabitants in a 
regional setting, in contrast to national analyses, even those actors can 
become part of the process who set framework conditions or finally 
decide on the construction of plants. 

4.2. Instruments for Morphological Field Analysis 

Morphology or Morphological Analysis is the study of the geometrical 
shapes of things [12,13]. In the 1940s, Swiss-American astrophysicist 
Fritz Zwicky generalised morphological analysis to include the investi-
gation of abstract phenomena, concepts, and ideas [13]. This kind of 
analysis has subsequently been called General Morphological Analysis 
(GMA) [ibid.]. It is described by Zwicky as “nothing more than an 
orderly way of looking at things” [12] and has a very broad spectrum of 
applications. Due to the use of morphological fields, we call it 
Morphological Field Analysis (MFA). 

The central instrument of MFA is the morphological field, a tabular 
display of all the relevant qualitative information on a problem. The 
process of performing an MFA usually involves carrying out a workshop 
with stakeholders and experts on all disciplines related with the problem 
under consideration. The first task of the workshop is to consensually 
agree on the relevant parameters that adequately describe the problem. 
Those parameters may be directly or indirectly modifiable so that they 
constitute degrees of freedom. They may also be external factors that 
cannot be influenced but may develop in several directions in the future. 
The parameters are written into the table heading of the morphological 
field, so each parameter represents a new column of the table. 

The next task is to agree on the values that each parameter can have. 
The challenge is to narrow down the values to relevant and meaningful 
ones, however being careful not to prematurely discard any viable op-
tions. The values of the parameters are written into the table cells of the 
morphological field, in the column that belongs to the respective 
parameter. Ideally, the values are mutually exclusive (i.e. they represent 
categories that are disjoint sets) [14]. 

Once the morphological field is completed, one has a complete 
overview of the problem, with no option left out. This is one of the 
strengths of the method because the structured way of thinking can 
reveal options previously overlooked. A certain manifestation of the 
problem or its solution is represented by the selection of one value for 
each parameter. This is called a field configuration or morphotype ([8] p. 
10). 
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The total number of configurations can be overwhelmingly high, 
even with a small number of parameters. To reduce complexity, the 
stakeholders perform a pairwise comparison of each parameter value 
with each value of all other parameters. In each pairwise comparison, 
they decide if those two parameter values are likely or unlikely to coexist 
or even completely contradictory. This process is called cross-consistency 
assessment (CCA), and its result is noted down in a cross-consistency 
matrix (CCM) ([13] p. 13). A software makes the interconnections 
visible: if the user selects one or more values, the remaining consistent 
values are highlighted in the field. This allows to explore the model and 
identify connections between parameters or unintended consequences 
of decisions ([8] p. 14). 

4.3. Using morphological fields for regional energy scenario analysis 

MFA is a very general problem-solving approach that is especially 
well-suited for the design of scenario models, as often noted in the 
literature (see e.g. Refs. [3,8,14–16]. Scenarios must be internally 
consistent, plausible, and relevant [14]. However, to obtain robustness 
([2] pp. 8–13), explorative and normative scenarios must span a very 
broad range and include paths that may appear unlikely, as pointed out 
in Chapters 2 and 3. These requirements can be fulfilled by using MFA 
with its structured method that promotes openness, unbiasedness, and 
totality, as well as consistency and relevance checks. 

In the context of the regional energy supply, which is in focus here, 
three types of characteristics are relevant that can be expressed each in 
its own type of morphological field, in order to provide transparent, 
compact, and structured descriptions of the different scenario 
characteristics:  

1. In the first type of morphological field, the goals with respect to 
primary indicators are displayed for each scenario. Besides a short 
description of the indicators used as column names, the rows contain 
goals in the form of directions of developments envisaged for each 
scenario. Examples are ‘moderate reduction of greenhouse gas 
emissions’ and ‘increase of regional added value’. The fields are the 
result of intensive discussions in the group. The cross-consistency 
matrix in this case simply reflects the goal definitions but does not 
have any further function.  

2. The second type of morphological field comprises assumptions for 
external factors that have impact on all scenarios. These external 
factors are pre-set to the same values for all scenarios to ensure the 
comparability of different scenarios. Examples are ‘capital costs of 
different energy technologies’ or ‘the discounting rate that serves as 
input for the calculation of levelised electricity generation costs’, or 
‘regional added value’. Concentrating on the design of a regional 
energy system, no CCM is derived here. For enabling sensitivity 
analysis, tools are developed in which the parameters can be inde-
pendently varied.  

3. The third type of morphological field structures optional restrictions 
of different energy technologies that have to be taken into account 
for the systematic investigation of the technology expansion poten-
tial. The expansion potential of each technology is determined by 
strong restrictions that are based on legal requirements, for example 
‘minimum distance between wind energy plants and housing areas’, 
and by optional restrictions that can be applied if they support the 
strategic targets of a scenario. For example, the scenario developer 
may decide to only include areas with high probability of author-
isation in the regional expansion potential of wind energy plants or 
to also take into account areas with low probability of authorisation. 
As the optional restrictions are independent from each other, a CCM 
is not needed in this context. 

While MFA is usually explicitly applied in workshops (cf. [13,17]), 
using the combination of MFA or particularly, morphological fields with 
IQIB trans- and interdisciplinary project groups, allows for continuous 

extensive discussions of the various information needed for the regional 
energy concept in multiple workshops with a fixed group. In this way 
scenarios of high complexity can be tackled including the development 
of supporting quantitative models. The morphological fields are used for 
structuring the discussions and results as it is shown in section 5. 

5. Example: developing and applying regional energy scenarios 
in the “EnAHRgie” project 

5.1. Innovation-group and scenario building in EnAHRgie 

The core element of the project EnAHRgie is represented by the so- 
called innovation group, which was implemented in the framework of 
the respective funding programme [18]. In EnAHRgie, the innovation 
group consists of experts from eight partners covering different scientific 
expertise and eight practical fields. The scientific expertise considered is: 
technology assessment, business management, electrical engineering, 
legal regulations, participation, city planning, energy 
systems-engineering, and political science [19]. The practical partners 
include representatives of local banking, business associations, local/-
municipal administration, civil society organisations, and local energy 
suppliers. 

In order to develop regional scenarios according to the goals of the 
local actors, in a first step, lists of sustainability criteria and indicators 
that describe the different dimensions of sustainability were developed. 
These were then taken as a basis for the discussion of potential goals for 
future scenarios of energy supply in the region. Consequently, three 
scenarios were defined showing a varying performance with respect to 
six identified main sustainability indicators: regional added value, lev-
elised electricity generation costs, final energy consumption, renewable 
energy supply rate, greenhouse gas emissions, and land use. These def-
initions were then used to generate technological portfolios by applying 
a multi-criteria optimisation model [20] and the BiBER tool [21]. For 
each scenario, a specific technology portfolio was chosen from the 
resulting pareto-front of solutions. For these scenarios, finally, values for 
sustainability indicators were assessed. These indicators also represent 
the starting point for variations with the BiBER tool (s. 5.3), which can 
be used to vary scenario values and compare the resulting changes. 

5.2. Morphological fields in EnAHRgie 

In EnAHRgie, multiple morphological fields were created: one 
morphological field for strategic scenario target indicators, one 
morphological field for external factors, and several morphological 
fields for optional restrictions - one field for each energy technology that 
may be used in future energy supply of the region. 

The morphological field for strategic scenario targets consists of the 
six target indicators discussed above as column headings (s. also 4.3.). 
The goal for each indicator can vary between “–” and “þþ”, symbolizing 
large decrease to large increase in the respective indicator as specific 
aim for optimisation. The different scenario names are listed in the left 
column. The assignment of the indicator goals to the scenarios is indi-
cated via colour coding. For instance, in scenario 3, which focuses on 
economic targets, low levelised electricity generation costs (“–”) and 
high regional added value (“þþ”) are envisaged as highlighted in the 
field in blue colour (cf. Fig. 1). 

In the following, exemplary morphological fields for each of the 
relevant technology classes are presented: electricity generation tech-
nology, heat generation technology, energy efficiency measures. Again, 
the left column contains scenario names while the remaining columns 
contain optional restrictions for assessment of the technologies’ future 
expansion potential. 

The morphological field for wind energy plants serves as an example 
of the class of electricity generation technologies (cf. Fig. 2). It contains 
values for two restrictions: “Risk acceptance level concerning official 
permits” and “Use of forest area?”. Both can be selected optionally by the 
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scenario developer since the use of forest area for wind energy is basi-
cally permitted in the federal state Rhineland-Palatinate (Germany), the 
legal area of EnAHRgie. Strong restrictions like distances to housing 
areas are not part of the morphological fields because they must be 
applied in any case. 

Fig. 3 shows the morphological field for central biomass heating 
plants as an example of heat generation-technologies. It is more complex 
than others and can be subdivided into two parts: columns two and three 
deal with the expansion of the existing district heat-network and 
expansion or new construction of local heat-networks. Columns four to 
nine focus on the available amount of biomass as primary source of 
energy. Biomass stems from several sources, for example agricultural 
materials or collected bio-waste from households or businesses. The 
more sources are used, the higher is the future expansion potential of 
central biomass heating-plants. In contrast, the future size of heat net-
works and the connection rate of buildings determines the maximum 
heat demand that can be supplied by the central biomass heat power- 
plant. 

The technology category of efficiency measures is represented by 
efficient street lighting (cf. Fig. 4). Its morphological field has a simple 
structure with only one column that covers the entire range between no 
to full replacement of conventional light sources with efficient LEDs. 

5.3. Usage of morphological fields: scenario definition, scenario 
description, scenario variation (parameter and restriction selection) 

The developed morphological fields were applied in the EnAHRgie 
project for several purposes. Firstly, they were used in the scenario 
generation-process by the innovation group. Their systematic lucidity 
has meant valuable support for structuring discussions. Subsequently, 
the morphological fields served as documentation of the scenario 
characteristics – for internal purposes as well as for different external 
presentations and reports. 

In addition, the morphological fields were applied in different 
participation formats. Their value arose especially for participative 
scenario generation with representatives from different local associa-
tions. The participants constructed their own scenarios with individual 
technology mixes using the balancing tool BiBER [21]. It integrates the 
morphological fields with the optional restrictions to provide an inter-
active expansion potential calculation. The lucidity and transparency of 
the morphological fields in combination with the interactive calculation 
of the resulting technology expansion-potential and of the target 

indicators corresponding with the selected technology mix can signifi-
cantly increase the awareness of the participants with regard to 
magnitude, relations, and interdependencies of future energy 
supply-potentials. It has been observed that the tool was welcomed by a 
diverse range of participants, and their feedback has been positive. 

An integrated web application was developed that provides access to 
the described scenario building-tools, including the morphological fields 
and the BiBER balancing tool. It supports users at home or at the office in 
developing, exploring, and understanding regional energy supply sce-
narios, also for other regions, provided the necessary data are available. 
Its application to discussions within groups can additionally be sup-
ported by decision theatre-environments like the Innovation Lab [22]. 
Fig. 5 shows a screen shot of the described scenario-tool which uses 
morphological fields for the definition of restrictions (left side) (s. also 
https://www.enahrgie.de/tools/). 

Against this background, the above discussed specific application of 
morphological fields for the tools is of main interest here. The four 
scenarios developed for the region of Ahrweiler are taken only as 
illustrative examples. 

6. Conclusions 

One of the most important features of valuable solutions for the 
energy transition is their long-term viability. To find such robust solu-
tions, ideally all the relevant knowledge and stakeholder interests 
should be considered, which calls for a participatory scenario building 
and discussion process. Scenario analyses provide various features, 
which allow for an informed reflection on a bundle of options with 
multiple types of addressees. The discussion of methodology options 
showed that morphological fields applied to inter- and transdisciplinary 
groups are particularly well-suited to define, analyse, and vary regional 
energy supply options in the form of scenarios. 

The outlined approach provides a consistent set of tools which can be 
used in all steps of participatory processes of scenario co-design and co- 
production and for the presentation and communication of results. They 
can be used to discuss and present detailed assumptions in a design 
process of normative target scenarios or comparative scenarios based on 
sustainability indicators. In a last step, a combination with tools such as 
BiBER conveys a sense of the sensitivities of sustainability indicators to 
internal and external factors. This way, planning tools can be designed 
that can be applied by scientists, stakeholders, and decision makers in 
their respective familiar environment at home or at the office as well as 

Fig. 1. Morphological field for the strategic target indicators. Specifications of the selected scenario 3 (marked in red) are highlighted in blue colour.  

Fig. 2. Morphological field for wind energy plants.  
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Fig. 3. Morphological field for central biomass heating plants.  

Fig. 4. Morphological field for efficient street lighting.  

Fig. 5. Morphological fields used in the EnAHRgie scenario tool.  
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in deliberate discursive settings, potentially facilitated by decision 
theatre-environments. 
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