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Abstract

If you are thinking in terms of the goal, you can take the right intermediate steps and avoid bad decisions. Studies
show that a supply from 100 % renewable energies is achievable by 2045 in Germany. The coupling of sectors
plays a prominent role in this, as does the short-term to seasonal storage of energy. The use of the 100prosim
simulation tool in target group-oriented workshops can help people to understand the interrelationships between
energy production and the use side more clearly. The energy system of the future is developed jointly in a
participatory process using the scenario technique. This article gives an insight into the use of the tool combined
with the workshop methodology and summarises the experiences of numerous workshops and practical
applications with different stakeholders.
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1. Introduction

The energy transition is complex and, in addition to technical adjustments and innovation, requires a social change
process. The German climate protection plan stipulates that the implementation of the action plan and its further
development should be linked to social discourse processes (Federal Ministry for the Environment, Nature
Conservation and Nuclear Safety, 2016). Even if almost 90 % of Germans support the expansion of renewable
energies (Agentur fiir Erneuerbare Energien, 2021), there is often resistance to the concrete implementation.

Studies from Prognos, Oko-Institut, Wuppertal-Institut on behalf of Agora Energiewende (2021), the German
Energy Agency, dena (2021) and the Wuppertal Institute (2020) show that a complete decarbonisation of Germany
is possible. In order to achieve an energy supply from 100 % renewable energies, their expansion is essential. In
addition, energy storage, energy networks (for electricity and heat) and the infrastructure for hydrogen must be
expanded (Bundesnetzagentur, 2019; Siemens, 2020). Energy savings through efficiency and sufficiency are
inevitable. The expansion of renewables is associated, inter alia, with a high demand for land, which could result
in competition for its use (Weyberg, 2021). The need for a renewable energy supply, therefore, poses particular
challenges for regions with high energy requirements in relation to land area (Niepelt, 2021). There is not only
competition for use, but also conflicts of interests and goals.

Participation and an open discourse are essential for the sustainable and effective implementation of the energy
transition (Ried et al., 2017; Schreiber, 2012, Renn 2015, Ernst 2017, Fraune et al. 2019). Ried et al. (2017) state
that the development of new structures in the energy supply represents a very complex challenge that requires a
lot of specialized knowledge. There is a lack of this knowledge which must be compensated for, especially among
municipal decision-makers (Rohe and Chlebna, 2021). Confidence in the procedures and competence of key actors
in the energy transition on site, such as local administration and politics, is also closely linked to local acceptance
(Hubner et al., 2020).

Transformation research shows that model-based energy scenarios can be combined with systematic elaborations
of social and political contexts (Schmidt-Scheele et al., 2019). One method for involving experts and stakeholders
is the scenario technique. This technique is particularly useful for looking at long-term future developments, since
it does not make any statements about one future but considers several alternative possible futures (Wassermann
and Niederberger, 2015). It is particularly suitable for the analysis of complex topics and their realistic
development possibilities. This also applies when the aim is to understand the future together more effectively
(Minx and Bohlke, 2006). The interactive methodology with due regard to the scenario technique (Meinert, 2004)
provides room for different points of view and helps to create a future scenario that is considered jointly
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acceptable. This strength makes the tool interesting for a wide range of target groups. In this context it is very
important to communicate about the assumptions made in the model and to make clear which input parameters on
which base are used to make the model more valid and trustful.

The use of the 100prosim simulation tool in target group-oriented workshops is explained in this article. The
scenario technique of so-called ‘backcasting’ is used in the application of the tool. What the future should look
like in the best case — which means here a carbon neutral energy production based on renewables without any
nuclear or fossil energy sources — and how this scenario can be achieved is determined in the backcasting process
(Robinson, 1982). The aim of the workshops is to help people to understand the complexity of the energy transition
and get to know the interrelationships between energy production and energy use.

Various workshops with different stakeholders were conducted and evaluated in the last three years. The research
questions in this article are: In which areas of application was the 100prosim modelling tool used in connection
with workshops and which results can be stated?

2. Tool and workshop methodology

The 100prosim is an open source Excel simulation tool. The software is offered and continuously developed by
the registered association “Erneuerbare Energie-Szenarien e.V.” (www.ernes.de). The 100prosim tool reflects the
use of energy across all sectors and establishes expansion targets. All energy needs should be covered by
renewable energies in a target year determined by climate protection requirements, such as 2040. The data basis
of the tool is a report for the state government of Lower Saxony (Niedersachsisches Ministerium fur Umwelt und
Klimaschutz, 2015).

Germany 100 % Renewables Energy scenario (190824 example)
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Fig 1: User interface 1 of the 100prosim modelling tool.

Energy consumption and production are illustrated graphically in the future scenario in comparison to the status,
as shown in Figure 1. Among other things, energy losses, surpluses and deficits are visualised and the connections
between the individual sectors and the consumption and production side are shown. The necessary generating and
storing technologies, the extent of their use and the changed utilisation structures compared to today become clear.
Sector coupling with electricity as a central element will also become tangible.

The energy consumption side includes the sectors of mobile applications, building heat, process heating and
electricity applications. Hydrocarbon-based raw materials used in the industry are also included. These are
synthesized from green hydrogen in the model. On the one hand, efficiency is taken into account, for example,
through the technological potential in the area of drives and alternative fuels (Gmelin et al., 2008) and the
technology used (Fraunhofer IWES/IBP, 2017). On the other hand, sufficiency plays an important role in the
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model, for example, concerning the size of heated living area or the number of kilometres driven by cars or flown
by planes.

Regarding the energy production side, the energy requirement in the target year will be covered completely
without fossil fuels or nuclear energy sources. The energy production is based on wind and solar power and
biofuels from energy crop production. Ambient heat is used to supply heating to buildings using heat pumps.
Hydrocarbon-based raw materials and fuels are synthesized from hydrogen. The current figures for the installed
capacity of the individual technologies are taken into account for the energy production through renewables
(Fraunhofer-Institut, 2020; Marktstammdatenregister, 2020) as well as the potential and respective space
requirements (Bundesverband Windenergie, 2011; Deutsche Windguard, 2017). The power efficiency levels and
their developments of the specific technologies are also considered accordingly (FGW, 2015; Fraunhofer ISE,
2011). Different sectors or energy production sources can be adapted in the user interface 2 of the 100prosim
modelling programme (shown in Figure 2). Influencing variables, such as the population, are included in the
simulation to calculate the energy consumption and production. The tool also takes into account the detailed land
use, for example, for grain (Regionalstatistik, 2020), grassland (Johann-Heinrich-von-Thinen Institut, 2012) and
forest (Umweltbundesamt, 2014).
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Fig 2: User interface 2. In this case, for wind energy. There is a more detailed visualisation for each sector and technology.

A scenario for energy supply in the future is jointly developed under guidance and moderation in the workshops.
The workshop methodology is characterised by a co-operative and moderated way of working and aims to
stimulate the discussion and increase the participants’ knowledge in the area of energy transition. Most of the
workshops were conducted during the COVID-19 pandemic and were carried out completely digitally. These
workshops had a uniform structure, as shown in Figure 3. After a presentation about the climate crisis, CO--
budget and —emissions in different sectors in Germany as well as the energy transition in general, the interactive
part follows. Here, the participants use the digital voting platform Mentimeter to vote on various values in the
areas of efficiency and sufficiency (e.g. the application of electric or hydrogen drives in the mobility sector or the
expansion of wind power). These values are discussed and transferred directly into the scenario. The model of the
future energy system makes simplifications in the area of grids and storage so that ad hoc changes in the workshops
are visible directly.

Discussion and adaption of Finding consensus and

Input various parameters creation of a future scenario

Fig. 3: Scheme of workshop methodology

After working on the energy consumption side, the graphical user interface shows whether the assumptions made
result in supply gaps and how large the shortfall is. The participants then look at the energy production side and
can adjust the technologies installed based on the land available. In order to create a balance between consumption
and production, the tool can carry out an automatic alignment based on either onshore wind turbines or open space
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solar power systems. In the end of the workshop, a future scenario for energy supply is jointly discussed and
developed.

The 100prosim tool — in combination with the workshop methodology described — was applied in various fields:
Workshop concepts at secondary school to master’s degree level have been developed and implemented in a
project funded by the Lower Saxony Ministry of Science and Culture. Four different energy scenarios were
developed by workshop participants and analysed in the context of this project. Twelve digital workshops with
various stakeholders were conducted and evaluated in another project that ran from June 2020 until August 2021.
The workshops were recorded in their entirety using the Zoom video conferencing software and transcribed
anonymously for the qualitative evaluation of their communicative content. The transcription of the workshops is
done with the software MAXQDA. The evaluation is based on the theory of qualitative content analysis by
Kuckartz (2016).

3. Results
3.1 Substantially expand wind and solar power, reduce energy use

As described earlier, the simulation tool compares the energy consumption across all sectors with the energy
production required to cover it. Various input values e.g. the area for wind energy or solar power plants can be
varied in order to achieve full supply from renewables. The corresponding effects on other sectors are illustrated
directly after each change, making the interrelationships in the energy system understandable.

As shown in Figure 3, the 100prosim tool demonstrates a comparison of energy consumption (left) and energy
production (right) regarding scenario 4 from Figure 4 and 5. Values in blue next to the individual areas indicate
the energy quantities required/produced in the target year 2040 compared to today. With a halving of demand
compared to business as usual, 33 % of the total electricity demand would still have to be imported, with expansion
rates of 11 GW per year for wind power and 15 GW per year for solar power. The building heating demand is
almost completely covered by heat pumps and a renovation rate of over 4 % per year is assumed, which would
reduce the building heating demand massively. The switch to electric vehicles in the mobility sector allows for
large energy savings.
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Fig. 3: Illustration of the overview page “Cockpit 1” from the100prosim modelling tool. Parameters adapted as in scenario 4.

In the workshops, participants can adjust the capacity of wind and solar power installed and see the impact of the
change immediately. As shown in Figure 3, the scenarios have in common that wind and solar power will be the
main pillars of the future energy supply. The installed capacity of wind power (onshore and offshore) ranges from
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166 GW in scenario 4 to a maximum of 435 GW in scenario 2.
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Fig. 4: Results of four different scenarios created in workshops with Fig. 5: Amount of green hydrogen storage (stored
different target groups using 100prosim showing the installed capacity capacity in TWh) to compensate for power
of wind power (onshore + offshore) and solar power (rooftop + open shortage phases.

space). With the exception of scenario 4 (import of approx. 700
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completely covered by renewable energies within its own area
(reference Germany).

The excess production of electricity on many days (especially in summer) is converted in 100prosim through
electrolysers into hydrogen and is stored. In times of shortage, the hydrogen is converted back into electricity.
Accordingly, both the electrolysis capacity necessary and the storage capabilities required emerge from the model.
Green hydrogen, which is stored on a large scale underground in salt caverns, serves to compensate for periods of
power shortage. This is also visualised in the tool, as shown in Figure 6. In order to minimise the storage capacities
required, the generation of wind versus solar power should not be neglected.
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Fig. 6: Visualisation of annual electricity generation and consumption in 100prosim

A homogeneous, positive attitude regarding the assessment of solar installations on roofs was shown in the
qualitative evaluation of all twelve workshops. The participants basically agree with the expansion of solar
systems on roofs and still see a lot of potential here.

An ambivalent attitude towards the expansion of solar plants in open spaces can be observed in the workshops.
The negative attitude in the workshops goes hand in hand with land consumption. In the context of careful and
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efficient land use, agrivoltaic systems are mentioned as a sensible approach by stakeholders from the agricultural
sector.

Regarding wind power, participants of the workshops assumed that the expansion of offshore wind farm areas
will increase in the future. This rise is justified by various aspects: on the one hand, due to greater social acceptance
and, on the other hand, due to the potential of such installations. Furthermore, the fact that no land area is taken
up is mentioned. Heterogeneous opinions prevail regarding the expansion of onshore wind energy. Critical voices
report individual experiences with the loudness of the turbines and the shadow cast. The sympathy towards
onshore wind energy plants is reflected mainly in the fact that an expansion of wind energy is demanded and
potential is seen in it, thus, the further promotion of the plants is advocated.

The participants generally express the opinion that existing renewable energy plants, such as wind power and
biogas, should continue to be promoted. Distance regulations and restrictions for onshore wind energy plants,
which make some plants impossible, are questioned and the lack of expansion in southern Germany is criticised.
In addition, it is said that photovoltaic systems on roofs should be further expanded. Participants, therefore,
actively propose solutions: exemplarily, tendering and approval procedures should be simplified, European
Union-wide standards for expansion targets should be agreed upon and new technologies should be adequately
promoted.

The analysis facilitates the definition of suitable measures to reach the target set. The challenges for society are
manifold and the necessary number and capacity of generating, converting and transmitting plants is large, which
is why workshop participants see the energy transition as a joint task.

3.2 Application in university teaching

The 100prosim simulation tool was used with students in the Bachelor’s and Master’s degree programmes.

The workshops in the Bachelor’s programmes were conducted in a seminar room at the university. The model is
shown to the participants via laptop and beamer and posters are used for the discussion. The students get together
in groups of two and go from poster to poster. They discuss the respective topic, jointly determine the value for
the parameter and mark it with a dot on the poster. A framework for the selection is given by specifying the scale
in the presentation. This is justified in the tool by deposited studies. The students define their target values for
different areas: increasing the energy efficiency in the areas of process heating, space heating and electricity use
with a sticky dot per group.

The creation of the energy scenario is divided into two course sessions in the module “Introduction to Energy
Economics” at the Master's level. The students have the task of creating their own individual scenario between
the first and second session. In the second session, the individual scenarios are then combined into several group
scenarios and, finally, a joint scenario is created in the plenary session.

Very ambitious expansion goals are set. By contrast, lifestyle restrictions are rarely targeted. However, the more
wind and solar energy needed to meet the energy demand, the greater the electrolysis capacity for hydrogen and
the corresponding storage volumes must be in these scenarios. An increased use of biogas can reduce the amount
of hydrogen needed to compensate for the shortage.

The Bachelor students felt rather overwhelmed by the high complexity of the tool. According to them, they need
more time in which to understand the tool more comprehensively. It becomes clear here that it is very important
in the three-hour course session to explain the functioning of the tool well in advance and also during the
application. The number and the changes between the applications PowerPoint for the presentation, Mentimeter
for the queries and the different views of the simulation tool should be reduced to a minimum during an online
seminar to allow the participants a better chance to understand.

The Master’s students criticised the superficial application. They would have liked to discuss the results in more
detail. It is also noted that the scenario includes unrealistic goals and, therefore, what is realistically feasible should
be discussed. In addition, they students criticised that the model does not take into account some points, such as
fuel cell mobility and free-field solar thermal energy.

The evaluation of both application shows the high value of the tool in terms of knowledge transfer for participants
with little or no prior knowledge. The interactivity of the application was very positively received. The 100prosim
tool in combination with the learning method applied increased the motivation for the subject and the satisfaction
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with the course generally among the Bachelor students.

An important result is that working in small groups increases the activity and participation of all students.
Discussions take place in which individual preferences and prior knowledge are exchanged. Additionally, the
positive feedback is that the creation of energy scenarios helps students to gain an overview and understand
interrelationships better. According to the students, it is also possible to understand the effects of changes in the
system. The application helps them be able to assess expansion targets.

3.3 Use case policy advice

The ever higher targets for reducing greenhouse gas emissions at both a European and federal level require
concrete action at the local level. The “planetary boundaries” in spatial planning and development have to be
taken into account. One of them is the change of land use — for example, for fields, settlements or photovoltaic
plants and bioenergy (Desing et al., 2019). Regional planning in Germany plays a crucial role in the planning and
expansion of renewable energies on-site and the implementation of a federal energy policy (Wirth and Leibenath,
2017). The area of tension is between the economic incentives at the national level and the spatial planning options
that are more local and regional (Klagge and Arbach, 2013). Land and use competition (e.g. in the designation of
areas for wind energy plants or open-space photovoltaic plants) plays a decisive role in this context and poses
challenges for regional planning.

The registered association “Erneuerbare Energie-Szenarien e.V.” carried out about 30 workshops directed at
processes of regional development, organised by or with the participation of political bodies, local or state
administrations and energy agencies. Five of these workshops in Lower Saxony, Germany, gave concrete impulses
and suggestions for later spatial planning processes.

Different points of view could be introduced and tested immediately in workshops with experts from the field of
political consultancy using 100prosim. The direct experience of the effects on the energy balance made it possible
to develop a common view within a short period of time. The holistic view of the energy system makes it clear
that the 100 % target places much higher demands on politics and society than is generally realised. In addition to
the rate of expansion, this concerns, first and foremost, the idea of sufficiency, i.e. a reduction in energy
consumption over and above increases in efficiency. Fields of action can be found, for example, in the size of
living space or individual mobility.

4. Conclusion

The workshops have shown that the methodology is very well-suited to understand the energy system of the future
and its challenges. The limited availability of land for energy production is made clear. The visualisation of the
abstract topic through the graphics of the software also conveys to the participants, inter alia, the limits of energy-
saving possibilities through efficiency and the important role of sufficiency in the context of the energy transition.
Stakeholders expressed different opinions in the workshops, but these cannot be attributed to specific groups for
the time being, but are spread across all workshops. Advocacy for or criticism of individual technologies are
mostly justified by personal experience.

The use of the 100prosim simulation tool ensures that the future scenarios are created within the limits of what is
technically possible on the space available. Source information is available for each parameter, therefore, this tool
is highly trusted. In principle, the energy transition is often supported, but limits, obstacles and risks are also
strongly emphasised in some cases. However, the tool cannot be understood and operated without guidance due
to the complexity of the energy system. In addition, the database must be constantly updated due to technical
innovations and the interrelationships of the dynamic energy sector.

The experience with the tool and the workshops shows that it is also possible to conduct the workshops both online
and offline. The method has to be slightly adapted and materials or techniques prepared accordingly. But is has to
be noted that to achieve a more effective discussion, it is better to conduct the workshops offline in a ‘real’
workshop setting.

The concepts developed for courses at a Bachelor’s and Master’s level are suitable for increasing the
understanding of the energy system as a whole. By reflecting on and discussing different areas, it is also possible
to experience that the energy transition is not a purely technical project, but must be accepted and implemented
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politically and socially.

It also became apparent that there are still gaps in the knowledge in some areas. The discussions about hydrogen
was one such example. Many people were not yet aware of hydrogen as a long-term energy source and its use in
industrial processes. Many were also not aware of the increased energy input for the production of hydrogen.
Additionally, people also need more information about the energy transition in the sectors of transport or heating.
Neutral, independent and target group-specific information is urgently needed.

In order to get closer to the participants and their own possibilities for action, the authors suggest that future
projects look at expansion targets and energy consumption at the district or municipal level. Accordingly, a new
version of the tool is being developed and not only the energy transition in Germany or a federal state, such as
Lower Saxony, can be discussed, but also on a smaller scale regional level. This avoids thinking of “the others”
first when it comes to the necessary expansion or behavioural changes. What needs to be done in one’s own
municipality or district becomes more concrete.
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