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Balanced renewable energy scenarios: a
method for making spatial decisions
despite insufficient data, illustrated by a
case study of the Vorderland-Feldkirch
Region, Vorarlberg, Austria
Pia Nabielek, Hartmut Dumke* and Kurt Weninger

Abstract

Background: An increasing production of renewable energy requires planning strategies that are able to coordinate
the higher-level energy goals with local-level land use interests. While the spatial scope of energy objectives is usually
set up on a federal state or national scale, decisions to allocate and implement renewable energy sites are often taken
on a municipal scale. This leads to a lack of regional coordination, as the task to achieve a balanced regional energy
demand and renewable energy production cannot be solved by individual municipalities alone and calls for
cooperation on a regional level.
This paper focuses on a recently applied method to support decisions that are committed to empowering the
production of renewable energy on a regional scale. In addition, it reflects the generic use of this method, which
should be manageable and repeatable under the conditions of an input of only a few quantitative data. At the same
time, it addresses the question of how planning decisions, both in spatial and energy planning, may be empowered.

Methods: The research team applied a cardboard games approach that required several steps of analysis. First, energy
data and spatial attributes of different renewable energy sources were collected from reference projects and the
literature. The end product was a catalogue of renewable energy generators, which also included the estimated energy
output (kWh/a) and land consumption (m2) per source. A measuring unit of m2/kWh/a was developed that
represented an inverse value for the consumption of heat (kWh/m2/a). Second, the current and future (2030) energy
demand of the Austrian region of Vorderland-Feldkirch was estimated for this the pilot study area to which the
cardboard games method should be applied, which resulted in two energy demand scenarios for 2030—a “business-
as-usual” and an “optimum” scenario. The two scenarios were then related to the current renewable energy goal of the
federal state (Vorarlberg) in order to calculate the required share of renewable energy for both the year 2030 and the
chosen pilot study area. As a third step, a scenario-building workshop was organized for regional stakeholders and
experts in energy planning. About 30 people joined the workshop. There were different backgrounds among the
workshop participants: local experts and mayors, researchers from the project itself, and energy and planning experts
from Germany, the Netherlands, and Switzerland. The three workshop groups had to develop spatial scenarios for
Vorderland-Feldkirch to reach the required share of renewable energy. And as a final step, the resulting strategies
derived from the workshop scenarios were evaluated by using a GIS analysis.
(Continued on next page)
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Results: The cardboard games method produced interesting spatial strategies for achieving an equivalent between
energy demand and renewable energy production. The main advantage of the method is that it produces quick
results and creates awareness of the land consumption of renewable energy. Furthermore, the cardboard games
method worked as a participatory approach to simulating a decision-making process in regional (energy) planning.

Conclusions: The estimated energy scenario (2015–2030) is based on several factors that are unfortunately greatly
simplified and/or difficult to verify—where the latter is mainly caused by an almost total lack of useable data. On the
other hand, the simplification represents the strength of the method bundle, as it ensures a “generic” quality as well as
repeatability of the workflow of standard planning situations for many regions, which is also an important part of the
research module profile. Still, an in-depth GIS pre-assessment would further enhance and refine the results.

Keywords: Land consumption of renewable energy production, Participatory approach on a regional (planning) scale,
Visioneering of energy scenarios

Background
The transition from the existing mainly fossil-fuel energy
system towards a sustainable one, which is based on re-
newable energy sources, is on the agenda of policy makers
at different levels [1, 2]. Hence, the increase in energy pro-
duction from renewable sources is considered as a crucial
contribution [3] and even a key factor for achieving this
long-term vision [2]. Producing renewable energy often
not only requires a huge amount of land, but also has an
impact on the environment and puts additional strain on
land use [4–6]. Different regional characteristics, e.g.,
settlement structures, require different energy strategies,
which result in optimal solutions which also differ within
the regions and implies that a cooperation on a regional
scale is indispensable [2]. At the regional planning level,
this raises some tricky questions:

� What are the maximum dimensions of energy
production sites (regarding both capacity and
energy) that would no longer be run by individual
municipalities, as the area provides limited potential
and a scarcity of planning resources?

� What is an effective setup for energy visioneering on
a regional scale, when, as usual, starting with only
rudimentary available data?

These challenges are of importance to many regions
and researchers. The method presented in this paper fo-
cuses on these issues and would be a useful component
for enhancing the decision-making processes.
In Austria,1 a few practical tools and studies tried not

only to merge quantitative data of areas and settlements
but also to aggregate energy consumption.
One of these studies [7] lists the average technical (not

realizable!) potentials of different renewable energy
sources. The results, using the unit GWh/km2, show a
similar value bandwidth as our results compiled in the
catalogue. Based on a four-step method of calculating
the energy potentials [8], the average technical potential

per square kilometer is estimated, whereas the con-
straints are defined and applied to help ensure a sus-
tainable land use, the reduced potentials for actual
land cover are calculated, and finally, the potentials,
production, and demands are compared [7]. These
steps have been applied in a similar way as in the
ERP_hoch3 project.
Berchtold-Domig et al. calculated the primary energy

amounts of different renewable energy sources, in each
case for exactly 1 ha, thus offering a calculation toolbox
[4]. It would be an option to apply the results as a kind
of benchmark to the results of the ERP_hoch3 project,
but this was not yet possible.
In order to support stakeholders in their decisions

upon the transition of the energy systems, several tools
have been developed. Stöglehner et al. give a compre-
hensive overview in their study “Tools für die Energier-
aumplanung” [9]. Possible support ranges from the
analysis of the current situation of the energy system
and the calculation of the current demand to the gener-
ation of different scenarios at different spatial levels.
Only a few of them address the regional level and do not
support the identification of possible sites for renewable
energy sources [9].
To ensure a stable and resilient regional energy sce-

nario, it is also of high relevance to identify how “sus-
tainable regional energy systems” are defined in the first
place. Gwehenberger and Narodoslawsky invented a
complex and holistic approach, the so-called Sustainable
Process Index (SPI). This index calculates, within certain
spatial borders (e.g., an “energy region”), the relation be-
tween the “required” potential renewable process area
and the entire energy potential area within this border.
The smaller this (numeric) value is, the more sustainable
the renewable energy process within this system would
be [10]. Using this method—that was developed in the
ERP_hoch3 project—we have been able to demonstrate
(at least partly) that this relation could also be used
“live” and on a smaller scale than the whole region.
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Regions are not just areas, but also “decision-making
spaces”. Hence, any decision support tool should not
only produce excellent technical results, but should also
communicate the benefits of energy scenarios in a way
understandable for a non-expert audience as well. Späth
and Rohracher addressed this issue in their work on en-
ergy regions. In their conclusion, they described that
stakeholder’s constellations can be quite different from
region to region, but obviously combine attractive sce-
nario storylines with a spatial discourse over different
geographical levels which was very helpful during the
case study comparisons they provided. The “guiding vi-
sions” as a tool to mobilize stakeholders is considered of
high importance [11]. Furthermore, decision support
systems and tools—rather often with the support of GIS
systems—have been defined and designed to mobilize
stakeholders in their decision processes. Wissen and
Grêt-Regamey also presented a participatory concept for
determining regional potentials for renewable energy in-
corporating GIS support and a workshop with relevant
stakeholders [12].
The presented method is similar to that by Wissen

and Grêt-Regamey and addresses the issues mentioned
in the last paragraph. While GIS is used in a rather basic
way, in particular the “games” part of the method is con-
sidered a new approach supporting the raising of aware-
ness of the involved stakeholders. This also helps in
revealing their preferences that are required in a more
complex multi-criteria decision analysis [13, 14], which
the method itself is not aiming at being merely a support
tool in such a process.
Concerning regional energy scenarios, Blaschke et al.

mentioned that spatial planning in most European coun-
tries—except at the small-scale communal level—does
not deal explicitly with “energy spaces”, e.g., with reserv-
ing areas for future energy corridors or for the space-
consuming generation of renewable energies. Those “en-
ergy landscapes” require modelling in time and space,
both for the energy demand side and production po-
tentials [15]. The research of Blaschke has been espe-
cially focused on biomass but has generally pointed
out that energy scenarios need to combine GIS,
spatial disaggregation techniques, and geovisualization.
This work pattern has a clear similarity to that one
presented in our paper.
In terms of settlement patterns and their function in a

regional energy scenario, some studies by Gernot Stögle-
hner have inspired our work. He was one of the first re-
searchers who described so-called Integrated Spatial and
Energy Planning [16]. In particular, the typology of two
rural and two urban settlement patterns (with different
roles in the production and consumption task in an en-
ergy region) encouraged the project team of ERP_hoch3
to develop the energy scenario games board. Also, the

toolbox RegiOpt [17] is related to the method presented
in this paper. Although the toolbox does not exactly
visualize where the energy production sites should be
“pinned”, it supports calculating the long-term analysis
effects and benchmarks for energy production and con-
sumption amounts on a regional scale.
Creating a regional energy scenario is a very tricky

task. It is not relevant whether the fundamental data
situation is satisfying or not; typically, one has to create
a scenario that includes both a few powerful production
sites and a lot of decentralised, small-scale units that are
used—one could call it a “swarm”. The latter effect, the
so-called energy sprawl, is discussed and considered very
controversial. Moroni et al. [18] argued that renewable
energy scenarios do not automatically have a negative
spatial effect but facilitate the creation of decent poly-
centric energy systems which also care for the demand
side (i.e., the building-related renewable energy produc-
tion [19]). This paper contributes to this process—espe-
cially for typical circumstances of work in practise,
where data availability is rather often an issue that can-
not be solved (at least not in a timely fashion and usually
requiring much additional effort).
For that reason, data estimations (using simple GIS

modelling and/or questionnaires), instead of decent and
accurate actual consumption data, are usually used in
the “Klima- und Energiemodellregionen” (KEM)2 and
other “energy regions”. The research team at first tried
to start in a similar way in the case study area, but soon,
the results turned out to be very unsatisfying. This “in-
formation gap” in the regional fundamental research was
a motivation to try to develop a new approach—by de-
signing a database which includes the existing renewable
energy sites and their land use consumption as well as
any competition aspects. This setup has functioned as a
starting point to go on with an energy scenario work-
shop, which then was post-evaluated using a GIS model-
ling of the core potential areas for renewable energy
production that were designated during the workshop.

Methods
The technical literature presented only a few resources
and studies that compare the land use aspects of many
renewable energy carriers. For this reason, one of the
modules in the research project ERP_hoch3 [20] gath-
ered data in a catalogue of existing renewable energy
sites. The main unit of measurement was square meter
per kilowatt hour and year (m2/kWh/a). This unit repre-
sented a counterpart of the much more familiar unit
kilowatt hour per square meter and year (kWh/m2/a),
which—for instance—is frequently used to display the
thermal energy consumption of buildings.
The workflow to fill out the catalogue consisted of the

following steps: As regards wind power, solar energy,
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and waterpower, the existing Austrian sites were
checked for their capacity (W) and their energy output
(Wh per year). The latter can vary widely in the site pa-
rameters, on the one hand, mainly in the maximum
power and annual overall workload depending on hours
of sunshine or wind within a year. The biomass and geo-
thermal energy productivity, on the other hand, have dif-
ferent spatial efficiency factors—mainly the harvesting
quota and intensity, or the depth and total amount of
the wells. For all energy site records, the entire horizon-
tal land coverages per facility (m2) were measured (using
satellite maps) and then divided by the energy output
(kWh/a). After collecting some of these samples from all
over Austria, verifications and corrections were carried
out in order to perfectly match the local preconditions
in the test region “Regio Vorderland-Feldkirch3”. Table 1
shows some of these examples, listed ascending by the
spatial efficiency factor kWh/m2/a.
The case study region “Vorderland-Feldkirch” mainly

consists of a number of towns linearly located alongside
the Rhine between Austria and Switzerland with about
60,000 inhabitants has established an institutionalized re-
gional management of the members (13 municipalities).
One goal of the project has been to examine which

kinds of renewable energy are suitable to satisfy the de-
mand within the region of interest. To achieve this,
knowledge about local conditions that either enhance or
impede the utilization of renewable energy sources, as
well as knowledge of the energy demand in the study re-
gion, is required.
Analysis of the data showed that the required informa-

tion is not available in most parts of the region—not
even for the existing facilities. By inquiring local stake-
holders, some basic data could be gained, but the follow-
ing evaluation indicated that these were not sufficient by
far. In an alternative approach, a basic GIS analysis was
carried out to determine areas within the region suitable
for the generation of renewable energy—e.g., wind power
based on studies that have already been conducted in
Vorarlberg, or on the evaluation of topography, solar ra-
diation, and settlement structures for the analysis of
solar energy. The results were then summarized in a
map booklet to be used later.
As a second step, future energy demand was calculated.

Based on existing data on energy consumption of private
households, on prognosis of population growth, and on
buildings as well as on statistical distribution of energy de-
mand within different sectors, all published by Statistik
Austria and Land Vorarlberg [21, 22], a simple model was
created to assess the energy demand of the region of
Vorderland-Feldkirch for the year 2030 (Fig. 1).
Two scenarios were calculated: one, called BAU (busi-

ness as usual), under the assumption there will be no be-
havioural changes and a second one, called OS

(optimistic scenario), assuming at least small energy sav-
ings can be achieved due to a raised energy conscious-
ness. In these scenarios, storage and transmission losses
have not been considered as they were beyond the scope
of the study.
The authorities’ plan in Vorarlberg is to use only en-

ergy from renewable sources by the year 2050 [23]. To
achieve this, the production of renewable energy has to
be increased significantly by 2030 (assuming a linear ap-
proach). The actual required amount is based on the

Table 1 Samples from the renewable energy site database for
heat and electricity production

Renewable energy carrier m2/
kWh/a

kWh/
m2/a

Heat Biomass from forests, combustion of wood
chips
Austrian average of heat output, incl. a heat

net connection

0.568 1.76

Heat Biomass from maize
Austrian average of heat production with 1

or 2 harvests per year, biogas combustion, incl.
a heat net connection

0.169 5.9

Heat Biomass, fast-growing shrub, poplars
Austrian average of heat production with 1

or 2 harvests per year, wood chip combustion,
incl. a heat net connection

0.142 7.04

Elec. Wind turbine, middle-sized
(Single or row setup) Capacity: 0.5 MW per

turbine Location: Waldviertel, Lower Austria

0.098 10.19

Elec. Wind park, large
(Cluster setup)
Capacity: 3 MW per turbine
Location: Neusiedl, Burgenland

0.081 12.2

Elec. Wind turbine, large
(Single or row setup)
Capacity: 3 MW per turbine Location:

Neusiedl, Burgenland

0.04 25

Heat Low-temperature geothermal source
(Closed heat exchange devices)
Well-field, depth 100 m
Energy output: Austrian average

0.032 30.4

Elec. Large photovoltaic power plant
Collector modules on open land or on large

flat roofs
Location: Oberzeiring, Steiermark

0.019 52

Heat Large solar-thermal power plant
Collector modules on open land or on large

flat roofs
Location: Vienna

0.008 125

Elec. Small photovoltaic power plant
Coverage of a complete roof
Location: Vienna

0.007 145

Heat Small solar-thermal power plant
Coverage of a complete roof
Location: Vienna.

0.003 297

Elec. Middle-sized river power plant
Capacity 1.8 MW
Location: Ingering, close to Spielberg,

Steiermark

0.0005 2200
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results of the estimation. Taking into account that a pro-
portion of today’s energy production is already based on
renewable energy sources, only the gap between today’s
production and required future amount has to be cov-
ered by additional renewable energy sources being in-
stalled by 2030.
It is also worth mentioning that the accuracy of the es-

timation is not of that high importance—even if there
are some deviations, the strategies to implement the in-
crease of renewable energy production will still be cor-
rect, if prioritized correctly (e.g., focusing on solar
energy before targeting wind power). Deviations might
occur in a later phase, when—almost certainly—more
data will be available to be used to revise the strategy.
The applied “planning game” method for the creation

of energy scenarios for Vorderland-Feldkirch is based on
methods of research by design [24–26] and participatory
approaches to engage stakeholders in a research process.
As energy scenarios deal with uncertain futures,
decision-making is often based upon non-quantifiable
factors. It is therefore important to enable exchange and
synthesis of ideas between decision-makers and scien-
tists in scenario analysis. Research by design, in turn, is
used to support the process of establishing a dialogue
between these key actors. In line with Sijmons et al. [27],
this method is used for the inventory of the spatial foot-
prints of different types of energy carriers and energy
chains. Furthermore, the aim was to create a variety of
possible scenarios instead of one “optimum” solution.
From this, key strategies developed in the different

scenarios could be synthesized and analysed, according
to the similarities and differences in the combinations of
energy sources and land use. In a last step, by overlay of
matching spatial strategies, the renewable energy poten-
tials for Vorderland-Feldkirch were re-evaluated using
GIS analysis.
The main task was therefore to set up a workshop for-

mat that allowed comparable scenarios in a parallel work-
ing process of approximately 30 participants with different
professional background to be created. The chosen format
was able to simulate a “planning game” by organizing a
scenario creation in three groups that would work, or
“play”, using the same task and the same material. Each
group consisted of experts in energy planning as well as
stakeholders of the region. Therefore, the planning game
had to be easily understood by the participants with lim-
ited knowledge in energy technology but, concurrently, it
had to contain all the necessary information to come up
with scientifically documented and comparable energy
scenarios. In this respect, one main challenge was to find
an analogue way to record the estimated energy output of
spatial decisions. Different renewable energy sources had
to be represented in such a way that the participants are
able to judge their spatial impact and, at the same time, to
record their contribution to a potential energy scenario.
To round off the service, the chosen mix of energy car-
riers used in the energy scenarios were documented using
a suitable “map legend”.
The final workshop material consisted of a large card-

board and several boxes of pins of different colour and

Fig. 1 Data sources and workflow for the assessment of the regional energy demand in 2030 (BAU scenario)
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size. In addition, a booklet containing thematic maps of
the region provided the background information with re-
gard to the existing energy facilities, energy consump-
tion, and renewable energy potentials. The information
provided on the cardboard (Fig. 2) was composed of a
map of Vorderland-Feldkirch, a so-called scenario calcu-
lator in the form of a table of dots (on the bottom) and
a legend of different renewable energy carriers (on the
right). The main purpose of the map was to allow the
participants to easily navigate and detect potential sites
for the application of renewable energy. The map there-
fore included rather general information regarding the
topography, administrative borders, and a basic differen-
tiation of land use. Some functions relevant for renew-
able energy were highlighted: the protected areas, the
existing buildings (especially large roof areas), the main
transport axes, and the forest areas as well as the com-
mercial and industrial areas and water bodies.
Based on the “m2/kWh/a” catalogue, a selection of re-

newable energy sources that could be potentially applied
in the region of Vorderland-Feldkirch was chosen. To be
able to locate this selection in the regional map, the des-
ignated sources were marked with pins of different col-
ours and sizes. This resulted in a pin-set of 11 sources
(Fig. 2), where each source produced an estimated
amount of heat and electricity (GWh/a). To avoid com-
plex numbers, the energy output of each source was rep-
resented by dots. Furthermore, the size of the pin
material was on scale, which meant that the workshop
participants could immediately capture the area de-
mands of the pinned sources on the regional map. Thus,
the pins were used to “locate” the possible renewable en-
ergy sources within the region as long as the two energy
scenarios BAU and OS were covered (Fig. 3). The

booklet of thematic maps served to facilitate the process
of identifying the areas which proved to be suitable for
the production of renewable energy, while providing
background information of the existing facilities, the en-
ergy demand, and the energy potentials. The scenario
calculator recorded the “sited” share of renewable energy
in relation to the total amount of energy required by the
scenarios BAU and OS.
Within the workshops, the participants identified sev-

eral areas (patches) within the region that have the po-
tential to be used for the production of renewable
energy—namely, wind power, biomass, solar energy
(photovoltaic as well as solar-thermal power), geother-
mal power, and water power (see Fig. 4). Overall, 19
patches have been identified, giving a realizable amount
of energy being created based on the values in Table 1.
In order to get a more realistic estimation, one has to

take a closer look on these patches in order to eliminate
those ones that in fact are not qualified for energy pro-
duction due to reasons like being located in a preserva-
tion area, being close to settlement areas, having
improper zoning restrictions, and other reasons. This
can rather easily be done with the support of local stake-
holders based on local knowledge (e.g., local authorities,
local planners and others) but usually needs some time.
Therefore, the research team tested an additional ap-
proach. Based on the patches identified in the work-
shops, a GIS analysis was carried out to automatically
identify and disregard unsuitable areas within the
patches in order to obtain a more realistic estimation of
the possible amount of renewable energy that might be
created within these patches. The analysis was done
based on the data from both the CORINE Land Cover
project of the European Environment Agency and the

Fig. 2 Cardboard for creating energy scenarios in the region of Vorderland-Feldkirch
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zoning data of Vorarlberg in combination with the
building data from the OpenStreetMap project. In Figs. 5
and 6, the results of both approaches for patch no. 2 are
presented.
It is clearly evident that there are differences in the

classification as well as the level of detail. This is due to
the fact that CORINE is not able to classify any areas
smaller than 25 ha. Moreover, it is obvious from the ex-
ample of patch no. 2 that it would not be possible to use

the entire patch area for the generation of renewable en-
ergy. All classes of areas for both—CORINE and zonin-
g—have therefore been assigned a “suitability grading”
for different sources of renewable energy in order to do
the automated recalculation.

Results
Concerning the area efficiency of the renewable energy
site records, it was a surprising to see the enormous

Fig. 3 Pin-set for allocating different renewable energy sources on the cardboard

Fig. 4 Aggregated result of three scenarios developed during the workshop: the identified areas for the production of renewable energy in the
region of Vorderland-Feldkirch
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bandwidth range of the m2/kWh/a values. Biomass heat
from forest (wood chips) requires 1300 times more land
than a river power plant (per kWh and year). The tree
map in Fig. 7 displays the relation between the required
amounts of land for some examples; also, it shows some
classifications of the land use competition and environ-
mental impact in 3°.
During the next step (the workshop), the participants

were able to meet the goals of the lower energy demand
of scenario “OS”. Furthermore, two out of three groups
also succeeded in covering the higher energy demand of
scenario “BAU”. The outcome of the groups can be di-
vided into three main topics: the chosen mix of renew-
able energy sources, the spatial-qualitative principles
concerning the distribution of plants, and the prefer-
ences for potential land-use combinations.
For the first topic, the aggregated results show that the

participants judge the potential to expand the traditional
forms of renewable energy (hydropower and biomass) ra-
ther low. Most sites are already in use, and therefore, these
sources do not have enough potential to cover the energy
scenarios. This is only possible in combination with sources
that have not yet frequently been used. Sources that were
considered to have high potential were wind power and
photovoltaics for the production of electricity and the
large-scale exploitation of solar and geothermal heat.
The second topic refers to the spatial-qualitative prin-

ciples to site renewable energy. Approaches of partici-
pants to allocate sites for the creation of renewable
energy varied from technical/down-to-earth approaches,

which are characterized by the preference for sites being
considered to be most efficient, for approaches that are
strongly context-related/selective. The latter approach
does not prioritize energy efficiency but disregards both
the spatial compatibility and/or any considerations with
regard to landscape preservation. The common assump-
tion that the hinterland is the main source of renewable
energy could not be confirmed. Instead, the participants
had identified the largest renewable energy potential in
the direct vicinity of the existing built-up areas rather
than in remote countryside areas. The results showed
interesting spatial strategies such as clustering renew-
able energy plants alongside mobility axes and settle-
ments. The plants were pinned according to the
principle of “filling potential gaps”—using sites that
were, according to the knowledge of the participants,
still unused. The same principle was used to identify
the biomass potentials. Only a few forest and agricul-
tural areas were selected.
Concerning the third topic, depending on the energy

source, similarities and differences were detected in what
participants considered suitable land-use combinations.
All groups preferred to site wind turbines in a concen-
trated way on ridges (where the highest energy gain is to
be expected) and placed photovoltaic systems not only
onto large-scale roof areas, but also within commercial
areas and brownfields. The outskirts of towns and vil-
lages and open areas adjacent to roads and industry were
the preferred areas for the large-scale exploitation of
solar and geothermal heat.

Fig. 5 Areas within patch no. 2: land classification using CORINE Land Cover
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Tables 2 and 3 show the results of the GIS analysis of
patch no. 2 (see Figs. 5 and 6) combined with the suit-
ability grading of different types of areas for the use of
photovoltaic power generation.
First of all, it is evident that in both cases, not all of

the areas can be used for the generation of photovoltaic
energy; the theoretical amount of ~ 673.000 m2 has to
be reduced by at least 20%. Also, one can see that when
using the more detailed zoning data, an additional
amount of ~ 10% of the area has to be classified as un-
suitable in the depicted case.

By using the reference values in Table 1, it is also pos-
sible to calculate an estimate of the amount of energy
that can potentially be generated within the patches
from different renewable energy sources—e.g., geother-
mal and solar power in patch 2 (Table 4).

Conclusions
Summary
The method shown in this paper consists of three mod-
ules: a catalogue of renewable energy production refer-
ence values, a regional energy BAU/OS scenario, and a

Fig. 6 Areas within patch no. 2: zoning classification using the municipality of Meiningen

Fig. 7 Comparison of the spatial demands of different types of renewable energy production [m2/kWh/a]
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post-GIS analysis. This combination may be a new ap-
proach and can easily be applied in many regions besides
the case study region. Another advantage is that only
few basic input data are needed; the unavailability of de-
tailed data is typical for many regions that basically “start
from zero”.
Another very interesting result, especially for the local

experts, was the awareness rising effect of how land-
consuming renewable energy production is “in scale” on
a 2D cardboard of A0 size, but also how strongly the re-
quired amounts of land use among the renewable energy
sources differ.
From a planners’ perspective, the method really can

carry out an interesting regional energy scenario image,
aiming for clearly more renewable energy production
within a time range of 15 to 20 years. Especially, the co-
operation between local experts (e.g., the mayors) and
external experts during the workshop resulted in add-
itional (unexpected) solutions that would never have
been the output of a mere GIS modelling.
The main advantage of the planning-games-method

was that it combined spatial and energy-technical know-
ledge of various experts in the process of identifying re-
gional renewable energy potentials. By doing so, the
method spurs on the discussion about the impacts of
setting energy goals and raises awareness for the support
of energy transition. Furthermore, the method is capable
of providing new insights into the relationship between
available and required land for renewable energy pro-
duction on the scale of the (city) region.
During the practical empirical work, one rather

often faces the challenge to deal with insufficient
data. For the given goal—to gather information on
the path to energy autonomy—it was not of major
importance to know everything exactly but rather to
identify a way to work with these uncertainties. Pro-
viding (rough) estimates and basic data turned out to
be sufficient to enable local stakeholders to work on
a vision, even a strategy, focusing on the most rele-
vant energy sources. Of course, the results need to be
prioritized and revised periodically but definitely can
be used to develop an initial (rough) strategy.
The second GIS analysis for adapting the results to

more realistic levels also supports the estimation of the

potentials of renewable energy sources by focusing on
certain areas that local stakeholders have already clas-
sified as suitable. Therefore, local knowledge—prob-
ably also having in mind which areas might be
mobilized for the purpose of energy generation—com-
bined with expert knowledge to calculate a better es-
timation of possible gains proved to be a very
successful and accepted method.

Outlook
As an outlook, we now want to line up not only what
parts of the method have been successful, but also what
could not be managed so far. The method shown in this
case study has been enhanced and used three more
times with different audiences in the meantime. Any-
time, the audience was surprised and enthusiastic to
“play” the scenario on the scale of a regional level.
Anyway, there are many possibilities to improve the

approach in the future:
In the logics of sustainable regional development, it is

not enough satisfying to set on ONE single factor (m2/
kWh/a), although this is a crucial aspect. A decent
evaluation of the land use competition aspects should be
carried out as well. For example, heating with biomass
from wooden chips as a waste from forest cultivation
has no land-use competition at all, but biomass being
harvested from maize has a 100% competition factor.
Our method also does not yet include an in-depth en-

vironmental assessment for all the reference examples,
what would be helpful for future versions as well. Fortu-
nately, there is a lot of knowledge and literature on the
environmental impacts of renewable energies, e.g.,
Kaltschmitt et al. [28].
Another weakness of our method is that it cannot help

at all to solve or even visualize the complex energy sys-
tem management that is required to tackle the daily and
seasonal fluctuations of the overall energy demand. Fur-
thermore, the storage and distribution patterns that are
required to secure a fail-safe energy supply have not
been considered so far.
Moreover, energy production scenarios should con-

sider the required amounts not only of end use en-
ergy, but also those of primary energy to cover the
full lifecycle from the “raw” potential to the “plug”,
including grey energy as well as emission values after
the energy site is closed down. A very interesting and
quite complete approach is called “sustainable process
index” [10].
Nevertheless, the method turned out to be able to acti-

vate the local stakeholders rather easily to provide some-
times sophisticated results. In addition, with the
“adjusting” role of the experts not only in the prepar-
ation of basic data, but also in the post-processing of re-
sults, the method can be useful in the future. This is

Table 2 Areas classified by CORINE Land Cover (CLC) suitable
for the generation of photovoltaic energy

CLC type Area [m2] Suitability for PV Usable area

Broad-leaved forest 118,329 0 0

Discontinuous urban fabric 11,793 0 0

Non-irrigated arable land 534,318 1 534,318

Pastures 8,919 1 8,919

Total result 673,359 543,237
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especially true for some of the issues that have not been
addressed so far can be improved, such as the competi-
tion between renewable energy sources, as well as avail-
ability of sufficient data.

Endnote
During the research Project ERP_hoch3, the authors

also considered complex governance tasks:

� What are the minimum sizes of renewable energy
sites to become of “regional” importance?

� What is the organizational setup of a regional land
management, able to negotiate between energy
demand and energy production potential?

� Which are qualitative and quantitative criteria to
facilitate the “best” renewable energy site locations?

Those questions were explored with governance ana-
lysis methods (mainly guided interviews); the results
(actor mappings, regional governance recommendations,
list of drivers and barriers of co-operation) are not cov-
ered within this paper. They can be found in the long
version of the report; see project website.

Endnotes
1This situation is different in Switzerland, where inte-

grated energy and spatial planning has still been highly
institutionalized during the past several years, which
clearly facilitates the cooperation between planning au-
thorities on the municipality, federal (“Kanton”) and na-
tional scale. In the Netherlands and in Germany, the
regional planning authorities are also much better
equipped with financial and human resources as in Aus-
trian districts and regions.

2KEM is an Austrian aid programme to support energy
change developments [29].

3Vorarlberg, the location of the test area in the study,
is a federal state in the very west of Austria, adjacent to
Switzerland, Liechtenstein, and Germany
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Table 3 Areas classified using zoning data suitable for the
generation of photovoltaic energy

Type of zoning Area
[m2]

Suitability for
PV

Usable
area

Cultivated forest 101,399 0 0

Area to be kept clear 12,607 1 12,607

Agricultural area 478,499 1 478,499

Water body 25,389 0 0

Road 6,107 0 0

Residential area 19,049 0 0

Reserved residential area 26,989 0 0

Area for special use—garden
center

3,290 0 0

Total result 673,329 491,105

Table 4 Possible amount of energy production within patch
no. 2 per energy source (in kWh per year)

Patch no. 2 Total area
[m2]

673.329

Usable area in m2

Zoning type Geothermal
(GT)

Photovoltaics
(PV)

Solar-
thermal (ST)

Cultivated forest 101,399 – –

Area to be kept clear 12,607 – –

Agricultural area 478,499 478,499 478,499

Water body – – –

Road – – –

Residential area 19,049 – –

Reserved residential area 26,989 26,989 26,989

Area for special
use—garden center

– – –

Total 638,542 505,488 505,488

Energy output in kWh per
year

18,243,152 27,801,829 70,768,291
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