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a b s t r a c t

Spatial planning systems at local and regional levels are often not well-adapted to the growth of small-
scale and local social innovations in renewable energy. Participatory decision support tools have been
developed to support the implementation of many areas of environmental policy, but are less common in
energy contexts. In response to this knowledge gap, we discuss, compare and contrast the participatory
development of two different types of digital support tools for the cases of Spain and the Netherlands,
leading to insights into the characteristics that local-level stakeholders find particularly desirable. We
adopt an integrative approach, hybridizing implementation theory and action research for, respectively,
analysis of implementation characteristics of key actors, and knowledge co-construction with participant
stakeholders. The tools developed represent two extremes of the spatial decision support tool spectrum,
a simple touchscreen application on the one hand (COLLAGE) and a more complicated spatial model on
the other (APoLUS). COLLAGE was used and well-liked by stakeholders, whereas APoLUS was not
adopted by the participant group, who nevertheless contributed much essential information to its
development. We identify eight key differences between the two tools which shed light on the nature of
bottom-up energy transition processes: 1: Target users; 2: Target scale of action; 3: Relevance to users’
needs; 4: Interactive quality; 5: Key emphasis; 6: Level of complexity; 7: Ease of communication of tool
rationale; 8: Cost. The differences between these tools also relate to a recognized dichotomy in sus-
tainability transition research, with complex spatial support systems like APoLUS tending towards
descriptive-analytical modes of sustainability science and simpler tools like COLLAGE being more clearly
related to transformational modes. Approaches to supporting local-scale energy transitions that are able
to span both modes are likely to become increasingly relevant as the climate crisis evolves. We also
identify a research gap between support tools for implementation of established policy and support tools
for transformative actions at local scales, and suggest the study of digital “transition support tools” as a
promising avenue for future research.
© 2020 The Authors. Production and hosting by Elsevier B.V. on behalf of KeAi Communications Co., Ltd.
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1. Introduction

The growth of small-scale and local renewable energies (SLRE) is
a recognizable social innovation [1] which calls for additional
support for spatial planning at the community level. In particular
SLRE projects typically need to facilitate sharing and synthesis of
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different types of complex information, concerning, e.g. local
planning policies, siting, and compatibility with existing land use in
individual localities. Participatory research approaches [2e4] offer
a means to synthesize bottom-up knowledge held by stakeholder
communities and facilitate their decision-making through digital
decision support tools of various kinds. However, the development
of such tools is not always straightforward or quick, and it is clear
that some kinds of tools are likely to be more useful than others. In
this paper we summarize the results of two recent participatory
support tool development processes that were carried out
concurrently in two different European countries. We describe
what key lessons were learnt from these experiences and offer
some general recommendations to help researchers support local-
scale processes of energy transition.

The research described in the following article was conducted
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within the framework of the COMPLEX project, a four-year multi-
disciplinary research project on knowledge systems for achieving
the Low-Carbon Economy, then defined in accordance with the
Low-Carbon Roadmap 2050, now subsumed into the EU Climate
and Energy Framework.1 The overarching aim of our research was
to support the uptake of climate mitigation activities, in particular,
the development of renewable energy (RE), by building spatial
digital support tools together with key implementing actors, like
local and regional policy makers, landscape planners, and local
communities. Recognizing the multi-level nature of energy tran-
sitions [5] the project sought to engage representatives from
different levels of governance in order to understand the energy
transition in each case study country before moving to the tool
development stage. The aim of this paper is therefore to illustrate
how the process that was followed led to two different outcomes in
each case, and to draw out key lessons for the development of
spatial digital tools and processes to support RE development at the
local scale.

The paper is structured as follows. In Section 2, we introduce our
case studies and describe our research methods. Next (Section 3),
we describe the initial phases of the work in each case study area
and show how this led us to frame the core task of decision-support
tool development in different ways. In Section 4, we describe the
models, and show howwe approached the challenge of integrating
the information co-developed with stakeholders during the
participatory process in each case. In Section 5, we discuss the
outcomes of the participatory process and reflect on the extent to
which the tools produced can address the stated goal of supporting
local-scale energy transitions. Section 6 Concludes.

2. Background and research methods

2.1. Case study selection

Two case study areas were chosen, on the basis of the con-
trasting experiences in RE implementation in recent years. In the
Netherlands, little progress had been made on achieving overall
national RE targets, but there had been an enormous growth in
local-scale sustainability initiatives of all kinds, including prosum-
ing, with crowdsourcing of RE installations, and community energy
[6,7,8]. In Spain, RE was deployed on a large scale throughout the
country, beginning in the early 1990s, until a moratorium on RE
financing was declared in 2012, followed by a series of laws
designed to halt its development [9,10]. In the Netherlands, a small,
industrialized and densely populated country, concerns over use of
space are strong, and large land areas suitable for extensive solar
parks or wind farm developments are not usually available. In
Spain, a much larger country, with many areas of sparsely popu-
lated, under-utilized farmland, these kinds of large-scale de-
velopments are more common.

2.2. Local-scale sustainable energy development: Netherlands

In the Netherlands, there is a substantial gap between the
promised ambitions for RE and what has actually been developed.
As of 2017, only 6.6% of the power consumed by the Netherlands
came from RE [11], ranking the country near the bottom of Euro-
pean countries. Large scale energy operations on land face signifi-
cant public pressure and the government has beenmore focused on
the development of larger scale off-shore wind farms and energy
efficiency efforts (and these have also been lagging) [12]. Despite
this failure at the national level and the resulting unfavorable
1 https://ec.europa.eu/clima/policies/strategies/2030_en.
institutional circumstances, the number of grassroots energy ini-
tiatives has significantly increased since 2010 [13]. According to
Ref. [14] there were at that time over 360 different local grassroots
initiatives involved in the development of RE. This surge in SLRE
development is due to a number of factors such as polices regu-
lating the production of household solar energy, various subsidies
for green energy and strong history of local community groups and
action. However there are certainly still serious barriers to social
acceptance around the siting of wind turbines and other de-
velopments deemed to reduce the quality of the landscape or
aesthetics of culturally significant areas [15].

2.3. Local-scale sustainable energy development: Spain

The RE boom in Spain, which came to an abrupt halt in 2012
when the government cut subsidies and imposed a number of legal
obstacles [9,10], was mostly driven by large firms like Elecnor,
Abengoa, Renovalia (solar), and Iberdrola and Acciona (wind),
leaving SLRE initiatives entirely at the margins. However, with the
emergence of green energy cooperatives (REScoops), like Som
Energia, GoiEner and Zencer, who, for a small initial subscription
(usually around 100V), supply 100% green energy to their members
at cost-competitive prices, this is beginning to change [16]. How-
ever, although REScoops own and operate their own solar, wind
and biogas installations on behalf of their members [17], the diffi-
culty of raising sufficient capital to build RE installations, exacer-
bated by the abolition of public subsidies for RE in 2012, means that
most of the RE they supply must be purchased from the market.
However, the cooperative model is growing rapidly, with at least 17
REScoops operating in Spain, serving over 25,000 members [18].
There are also collectively funded projects like the rooftop solar
arrays at the Madrid Autonomous University (UAM), funded by
donations from staff and students, and on the El Carmel market in
Barcelona, funded by donations from locals and other individuals.
The symbolic value of these projects is probably more important
than their contribution to clean energy generation. The community
wind turbine at Pujalt in Catalonia, is different, being neither driven
by ideological commitment to self-sufficiency nor dependent on a
larger cooperative structure. The project (see http://www.
viuredelaire.cat), was initiated in 2009 using startup capital
raised through crowdfunding and became fully operational in
March 2018. Shares in the project are sold at 700V each, with en-
ergy generated sold on the market, and profits returned to share-
holders according to the proportion invested. The aforementioned
difficulty of raising adequate capital, particularly acute outside of
the REScoop structure, together with complexity and high cost of
planning procedures for these installations2 means that these kinds
of initiatives are unlikely to proliferate unless they are specifically
targeted through supportive legislation and financial assistance.

2.4. The need for digital support tools for local-scale initiatives

SLRE developments are favored in areas where there is extreme
pressure on land and space, such as in the Netherlands, or where
the project is driven by small communities or groups with limited
resources. There has been great interest in recent years in the
phenomenon of “community energy”, which refers to different
degrees of participation in the development of sustainable and RE-
related initiatives [1]. These kinds of initiatives are not necessarily
driven by citizens alone. Often, as in the Dutch case described here,
local government is strongly supportive or a direct initiator. Even
2 See http://www.viuredelaire.cat/es/el-proyecto/evolucion-del-proyecto.html
for a detailed account of the difficulties.

http://www.viuredelaire.cat
http://www.viuredelaire.cat
https://ec.europa.eu/clima/policies/strategies/2030_en
http://www.viuredelaire.cat/es/el-proyecto/evolucion-del-proyecto.html
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where projects are not explicitly citizen-driven, directly including
citizens in local-scale spatial planning is often beneficial. In prin-
cipal, it can help planning authorities access and incorporate local
knowledge [19] particularly in the initiation phase of the planning
process [20], and it can lead to an increased acceptance and
ownership of the process and the final plan [21]. The energy tran-
sition itself involves many different stakeholders and numerous
avenues for development and as such the associated planning
processes can be quite ‘wicked’ [22,23] . The community wind
turbine development process described by Ref. [24] gives a flavor of
the enormous complexity of planning and executing a single local
scheme. Nevertheless [25], identified a lack of commitment of the
Dutch government in wind power development in the past and a
limited understanding of motivations leading to local opposition.
The same authors describe in another paper that wind power
related inclusive decision-making approaches are not yet institu-
tionalized at local planning levels and “public consultation usually
occurs after the plan is officially published” [26, p.103]. Ref. [27]
observed for Australia that the majority of community-driven RE
initiatives failed to implement larger projects due to the complexity
of the institutional environment and regulatory challenges.

Digital support tools, as in other areas of environmental man-
agement (see e.g. Ref. [28], are likely to be relevant to these kinds of
initiatives, for example, to enable better communication, joint de-
cision making, and the co-creation of plans and plan alternatives
[29]. The use of such tools also needs to deal with the same issues
faced in regular planning processes such as power imbalances of
stakeholders (and their various political goals) [30], time and
resource constraints of the general public, and the development of
trust [31]. At present, however, research into the use and potential
of such tools in the context of energy planning is scarce.

Two broad types of spatial support tools can be identified. On the
one hand, public participatory GIS (PPGIS) involves the use of com-
puterised map-based tools for including the public in policy making
[32]. Such toolsmay beweb-based or (more recently)mobile phone-
based, and typically incorporate a digital map and accompanying
interface to facilitate user interaction. Their purpose is often geared
towards community empowerment and data collection and valida-
tion in planning processes. However the extent to which these tools
can move participation processes beyond just engaging stake-
hoholders in the initial stages of decision-making is unclear [20].

Spatial Decision Support Systems (SDSS) are similar to PPGIS
approaches in that they also involve computerized, map-based
tools, but are specifically designed to provide analysis and advice
to decision-makers [33]. In spatial planning, they are generally used
to support collaboration with expert stakeholders and less so for
the general public [34]. Lack of involvement of end users has been
identified as a key weakness in such tools, which are frequently not
as well-used as tool developers had anticipated [33,35e37]. While
the literature identified numerous reasons for this, there is broad
consensus around the need to move away from technocentric so-
lutions e the old “out-of-the-box toolkit” paradigm [28] e towards
facilitative, enabling, approaches to tool development which
maximize the engagement of key stakeholders at all stages [33,38].

In this paper, we move beyond earlier studies by analysing the
role of spatial digital tools to support sustainability transitions [39],
and specifically, local-scale energy planning. While these kinds of
tools seem likely to be useful in a sustainability transitions context,
such processes are notable for their high degree of social
complexity arising from the dynamic interactions of actors like
energy companies, local governments, and sustainability activists.
To better understand how digital support tools can help these kinds
of initiatives provides our key research question: What kinds of
digital support tools are likely to be useful for local-scale energy
transitions, and how can they best be applied?
2.5. Research methods

We followed an integrative research approach [40e42]
combining implementation theory with participatory research
methods to engage stakeholders and begin a process of knowledge
co-construction. We used a theoretical framework for the study of
implementation policy known as Contextual Interaction Theory
(CIT) (e.g. Ref. [43-45] ), to understand the key characteristics of
actors involved in implementation of RE, and awell-known form of
action research called Participatory Action Research (PAR) (e.g.
[2,46,47]: to elicit data from stakeholders through workshops and
interviews. PAR helps link theoretical objectives to practical goals,
and is useful for breaking down the barriers to understanding that
typically emerge between researchers and practitioners (see e.g.
Ref. [36]). Ref. [33] suggest the use of PAR-based approaches in the
development of digital support tools to help resolve key issues of
engagement and credibility. The process is described in detail for
each case study area in Section 3. As a direct outcome of the
participatory processes in each country, two computer-based tools
were developed, an electronic touch table and Participatory
Geographical Information Systems (PGIS) tool named the Collabo-
rative Location and Allocation Gaming Environment (COLLAGE),
and a spatial simulation model known as the Actor, Policy and Land
Use Simulator (APoLUS).

The COLLAGE tool was developed by Cheryl de Boer and
Johannes Flacke in 2015 to respond to the need to better involve
and enable local actors to participate in knowledge co-
development activities around installations in the landscape (see
Ref. [48]). COLLAGE is a GIS-based interactive tool that allows
stakeholders to discuss the context, location, amount and type of
RE installation that could be deployed within their municipality. In
the research described here, COLLAGE was used to facilitate dis-
cussion around RE installations but could potentially be adapted for
other types of installation, e.g. urban developments, intensive
agriculture, infrastructures etc.

The APoLUS model [49,50] is based on a spatial modeling
approach known as cellular automata, in which transition rules are
applied to a computerized map of existing land use (urban, agri-
cultural, forest, solar energy etc) and simulations are then carried
out to reveal how land use may change at future dates, in response
to the input variables used to determine the transition rules.
Typically, these input variables include cell neighborhood (the de-
gree of attraction of a particular land use to other land uses in its
vicinity, and the distance at which they are attractive), accessibility
(the attractiveness of particular land uses to networks, like roads,
rivers or electricity supply), suitability (the biophysical character-
istics of particular locations, since: e.g. cereals do not usually grow
on mountain tops, solar farms are not usually built on steep slopes)
and zoning (spatial planning rules and restrictions; e.g. protected
areas). The aim of the tool in this casewas to produce simulations of
future land use under various scenarios of expansion of RE.

The participatory process that was followed for development of
the two support tools was slightly different in each case, but mainly
comprised three main stages, 1) Scoping and stakeholder engage-
ment; 2) Tool development; 3) Evaluation of Outcomes. These are
described in the next sections.

3. Participatory tool development in the Netherlands

3.1. Scoping and stakeholder engagement

In the Netherlands, work beganwith a detailed scoping study of
energy transition policies and initiatives in the Netherlands and its
provinces, drawing on a wide variety of academic and non-
academic documentary sources. Subsequently, key stakeholders
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were contacted and workshops were organized to introduce the
project to them. The identification and initial engagement activities
took place at two levels, national and regional/local scale. At the
national scale, the team made contact with the Committee on
Sustainable Development, a national-level working group that is
part of the Dutch social-economic policy advisory body, the Social
Economic Council. In order to get access to local initiatives the team
used the stakeholder contacts developed by the national platform
and network organizations that already existed to support local-
scale energy, like the Sustainable Villages Network (NDD). At the
time the scoping study was undertaken the NDD included 66 vil-
lages, the majority of which were in the provinces of Friesland and
Overijssel. Contact was made with sustainable energy initiatives in
the NDD, which eventually led the team to an active and interesting
group of stakeholders in the municipality of Dalfsen, Overijssel.

3.2. Tool development

Once contact had been made with the municipality of Dalfsen,
the initial intention had been to work with these local stakeholders
to collectively develop a land use model, using the APoLUS
framework, that would support the development of appropriate
and stakeholder-supported RE development. Following the initial
scoping interviews to determine the main dynamics at play in the
area (one of the most progressive in the Netherlands), it became
clear that this type of strategic participatory modeling exercise was
not well aligned with the current context. In particular, there was a
mismatch between the type of information the teamwas receiving
from stakeholders, with very detailed references to plans, policies
and local actors’ views on RE development, and the type of infor-
mation required by APoLUS, ideally general information on
behavior of all stakeholders in the wider region, as well as
geographical variables relating to the specific location of existing RE
developments. The team therefore decided to look for new ways to
elicit information about stakeholder perceptions, motivations and
resources around RE in spatially explicit terms (i.e. explicitly linked
to a geographical location through coordinates or maps). This
process of exploration of stakeholder requirements led to the
development of the GIS-based interactive planning support tool
known as COLLAGE [34,48]. COLLAGE comprises three key
components:

1. Mapping component, that enables stakeholders to allocate RE
installations within the municipal area;

2. Calculation component, calculating total land consumption,
MW production, cost & benefits per RE installation;

3. Output component, displaying results for relevant indicators
(land consumptions for MW production, costs and benefits) in
bar charts.

The interactive mapping component allows allocation of
different types of RE installation simply by selecting a specific type
(solar or wind) and allocating single grid cells in the case of solar, or
a location for a wind turbine. The calculation component auto-
matically calculates a number of indicators for each type of RE
installation, like total energy capacity produced, land area
consumed, costs and benefits per RE installation, etc. based on the
characteristics of each type.

The tool was implemented on a large-scale interactivemap table
supporting stakeholder interaction and collaboration (Fig. 1). Direct
interaction of the stakeholders with the tool takes place in the form
of placing different types of RE installation on the landscape ac-
cording to the preferences of the stakeholders. Often the stake-
holders are provided a particular target to achieve (or not) in terms
of RE produced. Results take the form of a map of preferred
locations of various types of RE installation. However, the interac-
tion between the stakeholders while working with the tool is
considered an important contribution to the planning process as it
provides insights related to barriers to implementation and new
ideas for placement. It also allows learning to take place amongst
the stakeholders as they share local information with each other
and receive direct feedback from the model about the impacts of
and potential for the different RE installations (see Fig. 2).

The COLLAGE tool was tested at a stakeholder workshop held in
the municipality of Dalfsen. The main activity carried out in the
workshop was an interactive mapping exercise where participants
located different types of RE on amap of their municipality with the
COLLAGE tool. COLLAGE aimed to help stakeholders to collabora-
tively define their expectations and goals related to the trade-offs
they experienced between land use quality and implementation
of RE. COLLAGE thus fulfilled a need that had clearly emerged
through our discussions with the stakeholders and at the same
time provided a link between the knowledge held by the com-
munity and the spatial information required by the project team.

The workshop was therefore mainly centered around the
municipal level decisions affecting land use (through locating wind,
solar or biofuels installations in core areas) as well as around
household level decisions with respect to insulating their home or
undertaking solar panel investments. There was also a desire to
understand stakeholders’ opinions about the achievement of their
respective goals. For example, we were interested in what types of
actions they found to be compatible with different land use cate-
gories and how they perceived the trade-offs required between the
land uses and RE production to achieve their goals. Stakeholders
put their expertise into practice by working directly with the
COLLAGE tool. In the main activity of the workshop, stakeholders
discussed Dalfsen’s energy goals and then experimented with
various implementation scenarios directly on the touch screen.
Following the practical sessions, the workshop concluded with a
discussion between all participants. We found that the COLLAGE
tool was able to contribute very successfully to the stakeholders’
ability to explain their motivations, perceptions and resources
related to concrete suggestions of land use change.

At present, COLLAGE runs in the proprietary GIS software ArcGIS
including the CommunityViz planning support extension. In future,
the tool will be modified to run in free-and-open-source software
(e.g. QGIS).

3.3. Evaluation of outcomes
The most important outcomes relate to knowledge exchange

and social learning facilitated by the discussions using the COLLAGE
tool. In particular, COLLAGE enabled knowledge about installations
in a given locality to be co-developed by stakeholders local to, or
knowledgeable about, the chosen locality of Dalfsen. COLLAGE
provided considerable opportunities for learning and knowledge
transfer between researchers and other stakeholders. In the pre-
paratory phases of the workshop, stakeholders:

∙ Identified the types of RE installations that are important for
including in the COLLAGE tool.

∙ Shared information related to the application of land use plans,
zoning laws and how they affect implementation of RE.

∙ Contributed to determining the appropriate scale for incorpo-
ration into the COLLAGE tool.

During the workshop, stakeholders:

∙ Provided and received local and spatially explicit information
about the pros and cons of different RE installations types and
the trade-offs associated with them.



Fig. 1. The COLLAGE model interface.

Fig. 2. (Left) Stakeholder discussions supported by COLLAGE software; Stakeholders at the participatory workshop in Dalfsen, Netherlands, September 2015 (Photo: Johannes
Flacke), (Right) close up of the COLLAGE touchscreen (Photo: COMPLEX Project).
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∙ Helped each other learn about the different qualitative per-
spectives held by their fellow inhabitants about the imple-
mentation of RE.

∙ Contributed to a collective product that outlined preferred
pathways to achieving the CO2 Neutral goals of the municipality.

Following the development and testing of the COLLAGE tool, it
was used on several occasions for participatory evaluation of
municipal RE development schemes (see Ref. [34]), and continues
to garner attention with local-level stakeholders in the
Netherlands.
4. Participatory tool development in Spain

4.1. Scoping and stakeholder engagement

In Spain, work was initiated with a national scale appraisal of
the RE implementation process for all Spanish regions, drawing on
available published and unpublished sources [51]. Subsequently, six
Autonomous Communities were selected for in-depth study
involving semi-structured interviews with stakeholders carried out
by telephone [9]. Stakeholders in implementation were identified
initially through a brainstorming process, and subsequently
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classified in terms of four very broad sectors (Business, Education/
Research, Civil Society and Public/Administration) using the socio-
gram technique [52, p.24]. On the basis of the results of this work,
the region of Navarre was selected for detailed work at the regional
level. Navarre had been a notable forerunner in RE development in
Spain and possessed well-designed institutional strategies to sup-
port it at the regional level [9]. Key actors in the region (e.g. co-
operatives, environmental groups, policy-makers, and planners)
were identified and linked to individuals who were then contacted
and invited to participate in a workshop. In the workshop, partic-
ipants explored the history of RE development in the region using
the timeline technique [52, p.23], analyzed the interaction of key
actors in implementing RE using sociograms, and identified a wide
range of challenges and potential solutions for breaking the central
government moratorium on RE development and moving towards
a low-carbon economy [42]. Participants were shown a prototype
version of the APoLUS model, and the intention to develop a
participatory version of the model using input from stakeholders
was explained. A second dedicated workshop was held to decide
key model parameters together with stakeholders, in particular: 1)
land use classification most appropriate for modeling RE develop-
ment; 2) likely impacts of RE on existing land uses; 3) spatial
planning of RE; and 4) behavior and interactions of key actors
regarding the future development of RE [53].

4.2. Tool development

The APoLUS model was built and calibrated on the basis of the
information provided by participants in the workshop. It was clear
from the detailed discussions and feedback from stakeholders
during the scoping phase (Section 3.2), that the implementation of
RE was a highly political process, and a conventional land use
change model would be inadequate to reflect the sudden, often
local-scale nature of decisions to develop wind or solar energy in
particular locations. In response to this, a new model parameter,
known as actor dynamics (D) was introduced to reflect the process
of negotiation around a particular region or municipality [49]. We
drew on both implementation theory and participatory action
research approaches tomodel the behavior of actors responsible for
developing RE, as follows.

First, the list of implementing actors defined by the key RE
stakeholders from the region of Navarre in the first workshop was
used as the basis for the actor dynamics. Subsequently, we devel-
oped a set of rules to govern the behavior of each actor. These were:
motivation (degree of intention to develop RE), cognition (knowl-
edge about the RE development process), resources (ability to
develop RE), affinity (degree to which development of RE aligns
with an actor’s core values or interests) and power (the power to
develop RE, in comparison with other actors). To create the rules,
each actor was assigned a simple score on a 3-stage scale for each
characteristic, (e.g. for motivation: low ¼ 0.1, medium ¼ 0.5,
high ¼ 0.9). The intention was not to precisely quantify the
behavior of real actors as observed by our stakeholders, rather to
use their observations about the implementation process to
develop a set of typical actor behavioral responses to improve the
model’s ability to simulate local-scale decisions. The modeling of
actor dynamics under this framework is described inmore detail by
Ref. [54,55].

Secondly, the information obtained through the rapid appraisal
of RE implementation in Spain, the semi-structured interviews
carried out with regional and national level stakeholders, and the
two local-level workshops was used to develop a set of three sce-
narios of RE and land use. The intention was to produce maps of
future land use in the Navarre region for each of the three scenarios.
The three scenarios are described as follows:
The first Scenario, “Scenario 1: The big fish run the game” had
already become clear by the end of the interview process prior to
the first workshop, and was intended to reflect a situation of
strongly centralized control of the RE development process
(Table 1). In the first workshop, the wide range of challenges
identified by the stakeholders and the solutions they proposed
allowed a second scenario narrative to emerge. This was “Scenario
2: Local Action for a world in Crisis” (Table 1). In the second work-
shop, the detailed information about deployment in the different
regions of the study area allowed a third scenario to be developed
to reflect the widespread concern about landscape planning: Sce-
nario 3: Regional Green Consensus (Table 1).

To enable these scenarios to be simulated, the APoLUS model
was built and calibrated for the Navarre region by a process of
iterative adjustment of parameter settings and comparison against
reference maps until acceptable goodness-of-fit was obtained [49].
To demonstrate the working model, we ran two simulations to the
year 2050 (Fig. 3), the first (Fig. 3: Simulation 0) showing a
business-as-usual case in which new solar energy installations are
developed on agricultural land and close to the electricity network,
as had occurred in the past. A second experimental scenario (Fig. 3:
Simulation 1) was run to test the effect of local actors grouping
together in a single municipality to promote solar energy devel-
opment. This test was not intended to be realistic e clearly, Fig. 3:
Simulation 1 (bottom panel), which shows the entirety of a mu-
nicipality occupied by solar energy, is not a believable outcome e

but to demonstrate the capability of the model to represent the
scenarios.

4.3. Evaluation and outcomes

The APoLUS model was fully operational and available online in
September 2015.3 However it was not used for its intended purpose
of participatory exploration of future land use impacts of RE with
the stakeholder group. This was because a convenient date for this
activity could not be established with the stakeholder group due to
their other commitments. It had in any case become clear that the
most informative and useful aspects of the research from the point
of view of our stakeholders related to the structured exchange of
knowledge among the stakeholder community. The participatory
development process led to the following outcomes:

∙ Understanding of the historic RE implementation trajectory in
the study area to which the model will be applied.

∙ Understanding of the key actors involved in the process and the
roles they have played in past RE implementation.

∙ Detailed understanding of power, motivations and resources of
each key actor related to the other actors in such a way as to
enable each of these variables to be assigned numerical values.

∙ Understanding of the key challenges that need to be overcome
to move forward on RE implementation.

∙ Detailed understanding of the relationship between existing
land uses, according to stakeholders’ own classification, and RE
installations.

∙ Participatory map of RE installations in Navarre, including
detailed explanations from stakeholders concerning the moti-
vation for the location.

∙ A series of realistic possible role-play situations, with dynamics
and details of negotiations surrounding implementation in
Navarre.

While the model was not used for scenario development as had

https://simlander.wordpress.com/apolus/


Table 1
Narratives and key dynamics of actors.

Scenario Motivation Resources Description

Scenario 1:
The big
fish run
the game

Government and big energy companies opposed to
further development of RE.

No incentives at national level (Feed-in-Tariff cut).
Disincentives to local-level stakeholders (grid
connection payments). Investors take flight.

A RE paralysis scenario that reflects real events
in Spain after 2011. Emphasizes top-down
control by powerful national-level actors.

Scenario 2:
Local
Action for
a world in
Crisis

Government motivated to promote RE, but weak and
indebted due to economic decline. Emergence of
strong local energy autonomy movements. Big
energy companies break up into smaller parts and
citizens take control to drive a just transition.

Weak economy and the climate crisis lead to
privatization and loss of state control of energy.
Severe austerity leads to declining energy demand
and collapse of large energy companies, who are
replaced with community energy initiatives and
locally-owned utilities.

A climate emergency scenario in which
powerful actors lose control because of severe
impacts on citizens. Anti-austerity and energy
democracymovements take control of energy at
the grassroots level. RE development is
disparate and highly localized. Emphasizes local
control by social movements.

Scenario 3:
Regional
Green
Consensus

A new government takes control and makes a strong
commitment to tackle the climate emergency and
drive a clean energy transition. Strong development
of networks between local government, regions,
national government and citizens.

Economy recovers from austerity and incentives are
restored for RE. Strong investment in clean energy as
all actors come together to tackle the climate crisis.

This scenario seeks to seriously address the
2050 climate targets while at the same time
trying to avoid impacts to the natural
environment through strong spatial planning at
the regional level. Despite good will on all sides,
there is high potential for conflict over RE
development in natural protected areas and
their vicinity. Emphasizes pragmatic
negotiation between multiple levels of
governance.
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been planned, it has subsequently proved useful as a research tool,
with several ongoing use cases (e.g. Ref. [56]).
5. Discussion

The team’s intention had been to develop a participatory deci-
sion support tool with local energy stakeholders in parallel in two
case study regions, Overijssel in the Netherlands, and Navarre, in
Spain. However, due to the differences between the case study
regions, the researchers’ ideas about the work, and the stakeholder
communities who were involved in the participatory process, we
ended up building two different tools, reflecting the contrasting
preferences and interests of the stakeholder groups.

In the Dutch case, COLLAGEwas well-received by the participant
group, and the pilot workshop with the Dalfsen group led almost
immediately to a follow-up session in the city of Enschede [48]. In
the Enschede workshop, participants’ evaluation of the tool and
process was highly positive. 85% of participants found the session
helpful for getting to know the views of others on RE, more than
80% agreed that they were able to share their views on RE with the
other participants during the workshops and almost 75% felt that
they had learned something about RE [48]. The tool continues to be
used to work with local stakeholders in other Dutch municipalities.

In the Spanish case, it had been anticipated that the APoLUS
model would be used to generate simulations of possible future
land use outcomes based on the scenarios that had been co-
developed with the stakeholders (Table 1), paving the way for a
detailed discussion about land use impacts of RE and potential
trade-offs. The cancellation of the final workshop meant that this
did not take place, and since the stakeholders did not see the final
version or use it, as had been planned, their precise opinion of the
model is hard to gauge. However, it was clear that our stakeholders
were more interested in the politics of the Spanish energy transi-
tion than in spatial land use allocation.

Given the differences between the processes in each of the two
case study regions, and the tools which emerged as a result of them,
it is worthwhile to consider these differences in more detail in
order to answer a key aspect of our research question namely,
“what characteristics should a digital decision-support tool have to
be useful for supporting local-scale RE development?” To this end,
eight key differences between COLLAGE and APoLUS were
identified (Table 2). These are used to structure the following
discussion.

5.1. Target users

There were major differences between COLLAGE, where users
were identified early on and a tool built to respond to their needs,
and APoLUS, which was built as an explanatory model, with users
anticipated, but not specifically targeted. In the Dutch case, the
decision to engage directly with local groups through the munici-
pality was taken early on, and a clear focus was maintained on
providing a tool for these stakeholders. In Spain, the group sought
to understand andmodel the dynamics of RE implementation using
a spatial model. The usability of the model as a tool for supporting
decisions was a secondary consideration. While it was hoped that
regional-scale planners, like the Observatorio Territorial de Navarra
(OTN), would work with the model, we did not engage with, or
target, these potential users clearly enough at an early enough stage
in the process to make this a realistic proposition.

5.2. Target scale of action

In Spain, by focusing on understanding top-down support and
policy mechanisms for RE development, researchers were able to
build scenarios of the way that the RE transition might develop in
the future. In the Netherlands, this aspect was not consciously
addressed. Instead, the Dutch team identified, and worked with,
locally-based stakeholders to work on the specific problem of
spatial planning of RE installations in order tomeetmunicipal clean
energy targets. The question of the scale (spatial and governance) at
which the tool was targeted perhaps explains why the APoLUS
model did not generate as much interest as was hoped for among
its intended beneficiaries. This is what [57] have referred to as the
scale mismatch, where the group of stakeholders recruited to co-
develop the model operates at a different scale to the main dy-
namics that the model represents. Although our stakeholders were
very well-situated to inform us on current RE policy in Navarre and
its likely future direction, there were less focused on specific
questions of spatial planning at a local scale than the participant
group in Overijssel. While overarching strategies are decided at the
level of the autonomous region, planning of specific developments



Fig. 3. Two test simulations from the APoLUS model for 2050.

R.J. Hewitt et al. / Global Transitions 2 (2020) 138e149 145
in Spain is mostly undertaken by municipalities, and municipal
planners were not represented in our stakeholder group. Clearly,
decision support tools that aim to have real impacts on practice are
unlikely to achieve them if participants involved in their develop-
ment and the scale of action are mismatched in this way. In the
Netherlands, however, stakeholders recruited had a strong interest
in RE spatial planning, and moreover, were actively involved in it at
a local scale e they were active at the scale at which the COLLAGE
model was designed to operate.
5.3. Relevance to users’ needs

In the Netherlands, engagement early onwith local communities
interested in local-scale energy planning suggested a high level of



Table 2
Eight key differences between the two models.

Criteria/aspect COLLAGE APoLUS

1 Target users Clearly defined target users e local energy planners and community energy
stakeholders

Target users not clearly defined early on. The tool mostly aimed
at researchers in planning (e.g. Observatorio Territorial de
Navarra), rather than planning practitioners.

2 Target scale of
action

Local scale Regional scale

3 Relevance to users’
needs

Tool responds to target users’ clearly-defined needs Tool developed for researchers’ needs

4 Interactive quality Highly interactive and visually-based user interface (touch device) Scientist-oriented interface (R and tcltk) with basic visual
support (tcltk buttons, maps, graphs)

5 Key emphasis Emphasis on visualization of immediate outcomes Emphasis on exploration of future land use patterns
6 Level of complexity Simple to use (minimal training required), but with correspondingly simplified

outcomes (e.g. no direct representation of trade-offs, which instead emerged
through discussion)

More difficult to use (training required), but capable of producing
more complex outcomes (e.g. trade-offs and competition
between land areas and actors)

7 Ease of
communication of
tool rationale

Easy to explain to non-specialist Harder to explain to non-specialist

8 Cost Tool free, platform proprietary Tool and platform free
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interest in a spatial tool to directly support RE planning. Researchers
acted responsively to develop a tool to address their key concerns. In
Spain, researchers were mainly concerned with translating the in-
formation received by stakeholders about the national policy change
from supporting RE development to opposing it (Table 1: Scenario 1)
into a spatial model. Given that these were investigatory (scientific)
criteria, unrelated to action on implementing local-scale energy
initiatives; it is unsurprising that the model never really engaged
with stakeholders’ needs. A further point of interest relates to the
different national contexts withinwhich our workwas conducted. At
the time of our project, Spain had recently undergone a dramatic
policy shift from strong government support for RE to withdrawal of
incentives, erection of legal barriers to small-scale developments,
and consequent RE paralysis [9]. In this context, it was logical that
our discussions with stakeholders in a strongly pro-RE region like
Navarre tended towards the political and away from the practical
questions of implementation. Indeed, Spanish stakeholders regarded
further RE development as highly unlikely given the policy shift, and
as such, questions of siting and spatial planning were far from their
minds. Though the Netherlands has been a notable laggard in RE
development, there had been no such dramatic shift and policies
remained broadly supportive of small-scale RE initiatives. Dutch
stakeholders, as in Spain, were mostly pro-RE, but unlike in Spain,
saw that they were able to realize the opportunities for small-scale
RE development. The open policy environment found in the
Netherlands contrasted with the closed situation in Spain, and may
explain in large part the different directions taken by the participa-
tory research in each case.
5.4. Interactive quality

The interactive component of the COLLAGE tool, with its
attractive touch table interface was central to the goal of drawing
stakeholders’ attention and encouraging them to try to work with
the tool. This “high-tech” element was a key to raising stakeholders’
desire to participate, while the instantaneous display of charts
showing RE targets added an addictive gamification component
that enticed users to “play”. Conversely, APoLUS had limited
interactivity, with only a simple graphic interface running in the R
environment, and some command-line operations.
5.5. Key emphasis

In the case of COLLAGE, the key emphasis was on immediately
providing easily digestible information on achievement of RE tar-
gets in a visually attractive way. APoLUS was principally concerned
with providing land use simulations of particular energy outcomes.
This is time-consuming, since qualitative information from sce-
narios needs to be converted into quantitative model inputs. In
addition, calibration of the model requires technical knowledge
which takes time to learn and apply.
5.6. Level of complexity

The level of complexity of the COLLAGE tool was clearly
appropriate to the goal of encouraging stakeholders to discuss
spatial planning on RE targets. The tool itself was simple, yet it
encouraged discussion of more complex dynamics and trade-offs
that quickly emerged when participants tried to meet their tar-
gets with specific types of installations. For example, stakeholders
were mostly amenable to the idea of rooftop solar, and generally
opposed to wind turbines, but quickly found their targets very
difficult to meet with solar alone, leading some to shift their
negative perceptions of wind turbines. APoLUS, on the other hand,
was too complex for the benefit to stakeholders to be quickly
apparent. Yet is also true that while COLLAGE is simple to use and
operate, its outcomes are also fairly simple. The greater level of
complexity of the APoLUS model allows a wider range of potential
outcomes to be explicitly simulated, and hence, potentially a
deeper exploration of the process of competition between land-
based actors with different interests.
5.7. Ease of communication of tool rationale

We found the rationale behind COLLAGE to be almost self-
explanatory. The rapid display of accompanying information on
achievement of targets as soon as a RE installationwas added to the
virtual map showed users very clearly the tool’s potential for dis-
cussion and negotiation in the specific context of local energy
siting. APoLUS, with its emphasis on future projections of land use
change and the evolution of RE through scenarios, was less easy to
effectively communicate. Stakeholders in local-scale energy initia-
tives are more likely towant to communicatewith each other about
the development of specific projects, with reference to maps or
photos, than they are to discuss long-term tendencies and trends.
The earlier-described question of scale is clearly relevant here also.
Yet at regional scales, specific questions of land use impacts may
resonate less with stakeholders.
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5.8. Cost

In the case of APoLUS, researchers were keen to develop soft-
ware that was free-to-use andmulti-platform, in keeping with both
the ethos of the COMPLEX project and of Open Science. However,
the most important barriers to the stakeholders using the APoLUS
model were related to aspects other than cost e e.g. poorly aligned
with their needs, too complex, limited interactivity. In the case of
COLLAGE, though a software license was required to run the GIS
background application (ArcGIS and CommunityViz PSS), this was
not a problem, since the tool was always provided by researchers
on their own touch device. However, in the event that future users
wished to use the tool on their own devices, this might prove to be a
barrier to future uptake.

6. Conclusions: how can digital support tools help local-scale
energy transitions?

By considering the eight key differences between the two
models, we have shed light on a number of important aspects and
highlighted ways in which digital support tools might help enable
local-scale transition processes. The success of COLLAGE in the
Dutch case is due to several factors, such as correctly matching the
ambition of the project to the local scale at which such in-
terventions were currently being actively planned, the familiarity
of Dutch municipal level actors with computerized support tools,
the attractive and easy-to-use interface, and, above all, its direct
relevance to their real practical concerns. Additionally, the process
required by COLLAGE can be completed in a single session. This is
particularly useful when the participant stakeholders are drawn
from a wide range of different sectors and backgrounds (as was the
case in our study) and thus scheduling can become in itself a barrier
to successful implementation. In the Spanish case, while we tried
hard to turn our stakeholder group into participant modelers, the
need to hold multiple workshops proved to be a problem, with the
last workshop being cancelled due to stakeholders’ commitments.
However, while our participants did not use the software itself,
their interest and knowledge of the politics of RE steered the work
in this different, but productive direction, leading to important
insights into the clean energy transition in Spain [9,42]. At the same
time, though the model development process did not lead to such
direct tangible outcomes as in the Dutch case, the longer process of
engagement between stakeholders potentially offered substantial
co-benefits in the form of increased opportunity for knowledge
exchange. Social learning through knowledge exchange plays a key
role in the change of understanding necessary for successful tran-
sitions (Safarzy�nska et al 2012). We should therefore be wary of
assigning “success” or “failure” based only onwhether the tool was
developed and used as anticipated.

This point aligns with the first part of our research question:
what kinds of tools are useful for supporting local-scale energy tran-
sitions? Sustainability transitions are multi-level processes
involving complex constellations of actors (see e.g. Ref. [5], and it is
likely that actors will want different kinds of tools depending on
their type of involvement in the transition process. For example,
future scenarios of land use are clearly useful to strategic level
policy makers in so far as they allow policy targets, like a specific RE
capacity to be installed by a particular date, to be tested. Yet in these
cases, policy actors are likely to be more interested in the answers
these tools may provide than in the tools themselves. Indeed, the
key themes that were raised during the participatory process in
Spain, especially those concerning different actor motivations and
barriers to energy transition were enthusiastically discussed by
participants [52]. We suggest that tools like APoLUS, which are
aimed at exploring the land use impacts of strategic policy
decisions at regional scales are less likely to find end-users outside
of the research community. This goes a long way towards
explaining why these kinds of models are typically not really used
in practice [35,36,58] e outside of research, they have no natural
end-user. Rapid, easy to use, highly visual discussion facilitation
tools like COLLAGE, on the other hand, seem to have a natural user-
community in the groups of local-level stakeholders determined to
push for a sustainable energy transition from the grassroots, often
with the support of their local government.

This allows us to answer the second part of our research ques-
tion: how can such tools best be applied? The difference between the
two participatory processes described clearly points to the tension
noted by Ref. [59] between descriptive-analytical and trans-
formational modes of sustainability science. On the one hand,
APoLUS serves as a vehicle for policy testing and provision of evi-
dence, which corresponds most clearly with the descriptive-
analytical science paradigm described by these authors. On the
other, COLLAGE, with its highly visual approach to negotiation
about landscape impacts of RE, seems better aligned with the
transformational mode they observe.

In this sense, it is not at all clear that the COLLAGE tool would
have been applicable in the Spanish context e as a tool for
exploring the spatial allocation of SLRE, it’s hard to imagine it being
enthusiastically adopted in a situation where the power of local
communities to implement RE at all had been effectively vetoed at a
national level. APoLUS on the other hand, might have met with
interest from Dutch stakeholders at a strategic planning level, but
would have been at odds with the goals of the municipal level
stakeholder group that the project had engaged. The question is
thus not just about finding the right scale of action in institutional
terms, as [57] have observed, but also about finding the right
temporal scale e the tools need to appropriately match the trans-
formational stage of the activity or practice that the tool aims to
support.

This idea of finding the right transformational stage seems
especially relevant when we consider the broader policy context
around RE in Spain and the Netherlands. Prior to the policy shift of
2012, Spain had previously enjoyed a much more progressive po-
sition on RE than the Netherlands, but their deployment had been
driven by big business, with small-scale community level projects
remaining at the margins [1]. In the Netherlands, national policy
has been, until very recently, quite resistant to decarbonisation or
clean energy transition; nonetheless, the country has been a fore-
runner in community energy [60]. These differences emerged
clearly in our stakeholders’ attitudes to the project, and as a
consequence, in the tools that were eventually developed.

Spanish stakeholders were infuriated that the government had
put the brakes on the RE transition (see Ref. [9]) and suspected
interference from powerful lobbyists [10,52], something that
emerged very clearly in the scenarios (Table 1). Dutch stakeholders
saw their government’s foot-dragging as shameful, and seized on
the opportunity to explore ways to drive forward the imple-
mentation of small-scale energy projects. Though the participatory
process aligned with the development of the APoLUS model was
responsible for bringing the highly politicized nature of the Spanish
RE debate to our attention, it also raised the question of whether
descriptive-analytical science approaches are useful in trans-
formation contexts. On the other hand, without analysis of the
political dimension, there is a risk that a tool like COLLAGE can lead
stakeholders into a naïve expectation of change, when in reality, it
may be that no change is likely to occur. Noisy negotiation around
options which are not really on the table is a classic indicator of
what [61] called “token” citizen participation.

Our findings shed further light on the contemporary debate
around the use and relevance of digital support tools in
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environmental planning generally. To the extensive arguments
presented by various writers on this topic (e.g. Ref. [33,36,62]) we
can add a further consideration that is likely to affect the uptake or
interest by practitioners and potential end users: whether the tool
that will be produced is intended to transform current practices, or
merely support them “as is”. In the former case, some potential end
users might be resistant to adoption because they do not agree
about the need for transformation. In such cases, involving initially
unwilling or skeptical stakeholders in implementation-heavy tools
like COLLAGE is unlikely to be successfule theywould probably not
to agree to participate or do so only reluctantly. On the other hand,
tools like APoLUS, with its emphasis on learning about possible
environmental futures, might be more useful - helping expose such
stakeholders to evidence that challenges their deeply held views,
leading to social learning [63], and eventually, a change of under-
standing e.g. around environmental degradation and its possible
causes and solutions.

In the current context of international political inability to
adequately tackle the climate crisis, countered by an increasingly
engaged civil society, facilitative spatial planning tools able to span
discursive-analytical and transformational science modes are likely
to become increasingly relevant. Futurework on the tools described
in this paper is likely to focus on bridging the divide they so clearly
represent to increase their flexibility in spanning these distinct
action research modes. For example, APoLUS could be made more
visually appealing, while COLLAGE could be adapted to allow
simulation of actors’ negotiations under scenarios like those
described for the Spanish case. Finally, our work points to an
important research gap at the interface between support tools for
implementation of established policy (e.g. Ref. [33,36]) and support
tools for transformative actions at a local scale. We tentatively
propose a new class of “transition support tools” which make this
distinction apparent, and suggest this as an interesting topic for
future research.
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