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Planning for renewable energy without conflict: the potential of using 
sensitivity mapping as a decision-support tool
Jerneja Penca a, Danijel Crnčec b and Marko Lovec b

aMediterranean Institute for Environmental Studies, Science and Research Centre Koper, Koper, Slovenia; bFaculty of Social 
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ABSTRACT  
Expanding the use of renewable energy is a policy imperative, but it must proceed 
without compromising other vital objectives – such as biodiversity conservation, 
water management, cultural heritage, and public health – while also actively 
involving the public. This study emphasises sensitivity mapping as a decision-support 
tool for integrating diverse political and societal concerns into renewable energy 
planning. Unlike prior studies, which focused solely on methodological applications, 
we highlight the utility of sensitivity mapping as a policy-making instrument. Using 
Slovenia as a case study, we present an example of comprehensive sensitivity 
mapping at a national scale involving several protection regimes. The findings 
demonstrate how sensitivity mapping can identify a greater-than-expected potential 
for conflict-free renewable energy development. However, the study also exposes 
that there are limits to expanding renewable energy without encroaching on 
protection regimes, and raises questions about the feasibility of achieving climate 
neutrality by 2050 at a country-wide level. As sensitivity mapping gains traction 
across the EU, we underline its potential to enable anticipatory, integrative, and 
inclusive planning. We also highlight its role in recognising the limits and trade-offs of 
energy planning, reinforcing the shift of renewable energy expansion from solely a 
political decision to one grounded in a broader societal consensus.
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1. Introduction

A high consensus exists regarding the urgent need to phase out fossil fuels in order to tackle the CO2 emissions 
which are contributing to dangerous climate change. To this end, accelerating the deployment of renewable 
energy has been widely accepted as a policy priority (IPCC, 2022; IRENA, 2019). In general, this has been 
broadly supported by the public (Eurobarometer, 2023; European Commission, 2019b; Hamilton et al., 
2018). In the European Union (EU), support for renewables has been further reinforced in the aftermath 
of the Russian invasion into Ukraine in February 2022 as a means of improved energy security and indepen
dence from Russia (Mišík, 2022). However, support for renewables is not without its concerns: while, on one 
hand, the expansion of renewables reaps climate and economic benefits, on the other, it raises potential issues 
of being incompatible with nature conservation, energy equity, and social justice (Kuzemko et al., 2022). There 
is also a concern that bolstering renewable energy might not always increase energy sovereignty, and that the 
political goal of increasing countries’ energy sovereignty might threaten the transition towards more renew
able energy (Hansen & Moe, 2022). Overall, planning for renewable energy is part of a broader (re)organis
ation of energy systems, which includes a number of political and societal considerations.

The need for careful planning has become particularly evident in the EU with the emergence of multiple 
converging policy objectives. Building on its internal strategy, titled the European Green Deal 
(European Commission, 2019a), the EU has been rapidly increasing its climate targets over the past years, 
and this has direct implications for increased renewable energy targets. The war in Ukraine has also provided 
an additional push in this direction. Through a set of regulatory decisions, the EU has moved to fast-track the 
permission processes for new renewable energy projects, especially for solar and wind technologies. However, 
while this level of decisiveness for the implementation of renewable energy has been welcomed by investors 
(WindEurope, 2022), it causes discomfort to some of the other stakeholders, especially when it introduces a 
conflict between renewable energy and other policy objectives, or when it reduces public participation (Bank
watch network, 2022; Durá-Alemañ et al., 2023; Trouwborst, 2023; WWF, 2022). This is reminiscent of the 
concerns that the siting of renewables can have a negative impact on nature conservation, natural resources, 
and landscapes (Osman et al., 2023; Rehbein et al., 2020; Sayed et al., 2021; Serrano et al., 2020; Sokka et al., 
2016). It also underscores the necessity for public participation in relation to decision-making for energy sys
tems (Calero Valdez et al., 2018; Kamlage et al., 2024; Lelieveldt & Schram, 2023), particularly if it aims to be 
conducive to energy justice (Suboticki et al., 2023). While overcoming the potentially conflicting impacts of 
renewable energy on other regimes and involving the public remain key hurdles for urgent energy transitions, 
the approaches and tools that make this possible have been poorly explored.

In this study we focus on sensitivity mapping as a decision-support tool in the planning of renewable 
energy for electricity production. Our objective is to evaluate the potential of this tool, to make advance
ments within the political ambition to expand renewables, and to involve the public in the planning of 
renewable energy. This has been done by exploring data from Slovenia on a national-scale in order to 
identify conflict-free zones for renewable energy development up until 2030. Thus far, the use of sensitivity 
mapping in the context of planning for renewable energy has been limited in scope and used primarily as a 
tool for technical energy planning (Collados-Lara et al., 2022; Morkūnė et al., 2020; Nadizadeh Shorabeh 
et al., 2021). The revised EU Renewable Energy Directive has made this a mandatory approach at the 
national level across the EU, with the primary intentions of enabling the identification of ‘renewables 
acceleration areas’ (or ‘go to areas’), and of supporting a faster and simpler process for granting permits 
(Directive 2023/2413, Art 15c(1)(a)(ii)). Unlike previous studies, we approach sensitivity mapping as a 
decision-support tool in the context of ambitions for the further expansion of renewables. We examine 
sensitivity mapping at the conceptual and implementation level and reflect on its usefulness for the plan
ning of renewable energy at a national scale, and possibly also on a regional level. Sensitivity mapping is 
expected to become more widely used over the next few years in the EU, and likely in other countries as 
well. Our analysis involves extensive sensitivity mapping on a national scale, incorporating numerous sen
sitivity categories and stakeholders. As such, it may serve as an illustrative example of what may become a 
common scenario in the future, and could also have value at various levels of governance.
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In Section 2, we lay out the analytical framework of the study. In Section 3 we outline our research method. 
We present a case study analysis in Section 4, and this is followed by a discussion of the results in Section 5. In 
the Conclusion, we highlight both the political and participatory potential of sensitivity mapping for the future 
of energy planning.

2. The analytical framework: the context of renewable energy planning and the potential of 
sensitivity mapping

2.1. The planning of renewable energy in a political context

Since the late 1990s, the EU has increasingly been stepping up its climate ambitions. This has had direct impli
cations for renewable energy targets (Ahmadov & Van Der Borg, 2019), as well as having an impact on 
national renewable energy trajectories (Strunz et al., 2021). The evolution of the EU’s climate and renewable 
energy targets shows a notable growth in the past few years, as summarised in Figure 1. A key part of the most 
recent policy to facilitate the deployment of renewable energy has been focussed on speeding up and simplify
ing the permit procedures for renewable energy projects (i.e. the process of receiving nationally relevant per
missions for locating and constructing renewable energy infrastructures), as well as being focused on siting 
(i.e. the selection of locations for renewable energy projects).

The EU first attempted to simplify permitting processes in 2018 (Directive 2018/2001/EU), when permit
ting was associated with lengthy administrative procedures rather than being reflective of any actual siting 
issues. These efforts were increased due to the Russian invasion of Ukraine (while possibly also being linked 
to climate-related and economic factors), first through recommendations, and later through legislation aimed 
at EU energy independence ‘from Russian fossil fuels well before 2030’ (Directive 2023/2413, Recital 5). The 
introduction of a set of ‘emergency measures’ (Regulation 2022/2577) placed a particular focus on renewable 
energy projects which were capable of being quickly deployed and could achieve a short-term acceleration in 
the use of renewables (ibid., Art. 1).

Thus far, two policy measures related to siting have been put in place for the acceleration of renewables 
across member states. The first is a designation of special acceleration areas for renewables in places where 
countries expect that the renewable energy projects will not have a significant environmental impact (Directive 
2023/2413, Art.15c). Subsequent to the former measure is a prioritisation of energy production from renew
able sources and their associated processes (such as connecting to the grid, upgrading the grid, and managing 
storage assets). Until climate neutrality has been achieved, the planning, construction, and operation of renew
able energy plants are ‘presumed as being in the overriding public interest and serving public health and safety 

Figure 1. The rising ambition for renewables in the context of climate change targets and geopolitical events, and a reference to the roles of 
permitting and siting in terms of accomplishing the targets. For references see the text.
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when balancing legal interests in individual cases’ (Ibid., Art 16f), particularly with regard to the deployment 
of renewable energy and other policy goals, such as the conservation of habitats, species, and water.

2.2. The planning of renewable energy in societal context

Several obstacles hinder the wider adoption of renewable energy in the EU (ECR, 2023; McKinsey Sustainabil
ity, 2023), and these range from regulatory to technical, economic, and societal factors. These factors are lar
gely interrelated and mutually influence each other in our current, complex energy systems, as well as in their 
aims to transition towards more sustainable and resilient forms (Chipangamate & Nwaila, 2024; Kuzemko 
et al., 2022). The issue of siting can be framed as an entry point into complex energy systems. The selection 
of a site is not a single barrier, but is rather an expression of the complex interactions between various econ
omic considerations, regulatory constraints, conflicts with protected areas, public acceptance, and also politics 
(Taylor, 2023). Ideally, new renewable energy facilities should be built in locations where the potential for elec
tricity generation is greatest, and conflict with other protection regimes is either non-existent or minimised. 
However, the suitability of specific sites is also dependent on their public acceptance.

Public acceptance is as important as ever in planning for a rapid and extensive transition to renewable 
energy sources, but it is often neglected in policy discourses. Policy proposals aimed at the expansion of renew
able energy avoid factoring in public acceptance or even participation (e.g. COM/2021/557 final), as this is a 
complex process with an uncertain outcome, which does not necessarily bode well with the urgency of the 
action. Academic literature on the topic highlights the importance of public participation in renewable energy 
planning for reasons of equity and successful outcomes. This means that getting approval for siting locations 
from the public is both the right thing to do (Lonergan et al., 2022) and conducive to avoiding delays or pol
itical and legal actions (Levenda et al., 2021). However, the literature has not engaged as extensively with the 
strategies and tools that can be deployed to foster the effective participation and acceptance of renewable 
energy in communities while also accomplishing policy ambitions for the expansion of renewables (for a lit
erature review of strategies, see Sander et al., 2024, Section 3.8).

The socio-environmental impacts of the production of electricity from renewable energy can be both positive 
and negative, and emerge in the manufacturing, installation, operation, and decommissioning of renewable 
energy facilities. The impacts relate to several areas. First, there are employment opportunities, implications 
for health and safety, local infrastructure development, and the livelihoods and well-being of communities 
(Levenda et al., 2021). Second, there is the security of supply, and the broader security of a country or region 
(Sheikh et al., 2016). Finally, there are a number of environmental impacts, measured across at least 14 criteria 
spanning over a facility’s life cycle (Sokka et al., 2016). While renewables have a positive impact on the reduction 
of greenhouse gases from fossil fuel extraction, in certain instances they are in conflict with biodiversity conser
vation (Harjanne & Korhonen, 2019; Jackson, 2011; Rehbein et al., 2020; Saidur et al., 2011). Depending on the 
source of the renewable energy technology, the key harms to biodiversity are caused through the following: 
changes in land use; habitat loss, fragmentation, and displacement; and disturbances or injuries to wildlife 
(Gasparatos et al., 2017; Gorman et al., 2023). There are also issues with regard to noise pollution and visual 
impairment, which also impact humans (Saidur et al., 2011). However, while often framed in negative terms, 
the impacts of renewables on biodiversity can also be appropriately designed and managed to be positive, for 
example, by providing new habitats for various species (Gorman et al., 2023; Smith et al., 2022).

Apart from the socio-environmental impacts that are easier to measure, other considerations also play a 
role in achieving public acceptance of renewable energy proposals at both the strategic and project level. 
These span from the timing and effectiveness of involving the public in decision-making (Calero Valdez 
et al., 2018; Fast, 2013; Fraune & Knodt, 2017; Lonergan et al., 2022; Stadelmann-Steffen & Dermont, 2021; 
Susskind et al., 2022) to public values, which can relate to ethical, biodiversity, health, economic, and other 
concerns and interests (Sovacool, 2009; Susskind et al., 2022), but also include the conflicting attitudes and 
perspectives of individuals towards the construction of renewable energy facilities (Burch et al., 2020). Percep
tions of the socio-environmental burdens of renewable energy differ heavily, not only in terms of the kinds of 
technology but also according to geographic, cultural, and social contexts (Levenda et al., 2021; Liebe et al., 
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2017). All of this makes the societal acceptance of renewable energy installations far from a straightforward 
issue, and one where support for it could be better managed.

Multiple considerations are at play within contextually sensitive decisions over whether and where to place 
a specific renewable energy installation. The tools and strategies which are particularly promising for sustain
ability planning have been those that foster multi-functionality and integration (Janßen et al., 2019; Pinarbasi 
et al., 2019), and/or those that allow scenario development and the consideration of various futures (Blythe 
et al., 2021; Pereira et al., 2019). One such tool is presented in the next section.

2.3. Sensitivity mapping as an integrative decision-support tool for renewable energy planning

Sensitivity mapping, or sensitivity analysis, is an established method for integrated spatial planning which aims at 
identifying and avoiding spatial competition. Despite having major potential, the use of sensitivity mapping in 
energy planning has so far been limited. A typical analysis draws on existing geospatial data and geographic infor
mation systems, and is often supported by ecological modelling which provides a systematic framework to deter
mine the potential for significant impacts on the environment by projects under consideration (Gasparatos et al., 
2017; González Del Campo, 2017). Intended to be used early in the planning process, sensitivity mapping typi
cally improves strategic planning decisions. It allows for an informed decision-making process which is condu
cive to transparency, robustness, and the acceptance of decisions (Taha Aljburi et al., 2024), and is contingent on 
the meaningful engagement of stakeholders and relevant publics during the process.

While it is not a requirement for renewable energy planning under the rules within either the Strategic 
Environmental Assessment (2001) or the amended Environmental Impact Assessment Directive (2014), 
both of which advocate for strong public participation, sensitivity mapping has recently became a required 
step for enhancing the deployment of renewable energy in the context of increased deployment targets for 
renewables (Directive 2023/2413). Member states have been asked to use sensitivity mapping in order to 
both arrive at designated ‘renewables acceleration areas’ and avoid collisions between renewable energy plan
ning processes and nature conservation.

Sensitivity mapping has proven its usefulness in the planning of renewable energy, provided that the spatial 
and environmental data (species, habitats, etc.) is comprehensive and accurate. When this is possible, experi
ence from the planning of wind and solar energy plants shows that extensive natural and geographical flexi
bility in site selection allows for the avoidance of sites that would likely be in conflict with wildlife (Katzner 
et al., 2012; Mc Guinnes et al., 2015; Vasilakis et al., 2016; Donald et al., 2019). Nevertheless, where nature 
protection regimes are extensive, areas with a low impact can also be very limited in scope (WSU, 2023). 
Under these circumstances, one possible solution is to make use of technological modifications which are tai
lor-made and based on continuous monitoring, such as using smaller sized windmills that do not operate 
during potentially high impact periods (Gasparatos et al., 2017).

Sensitivity mapping for renewable energy typically compiles distributional data on sensitive species and 
habitats, as well as any other relevant factors. It develops a sensitivity scoring system (such as high, low, or 
no risk), prepares maps, and interprets the relationship between the sensitivity rating and the risk, all while 
taking into account any data gaps. The more complete the data input, the more complete the results (ibid., 
pp. 11–12). Thus, the most appropriate development options can be selected if the following criteria are 
met: all of the different types of renewable energy (solar, wind, hydro, etc.) are considered in the mapping, 
planning is done on a spatially large scale, and various protected regimes are included. Sensitivity mapping 
can operate as a dynamic process over a longer period, and can facilitate an evolving energy system transition. 
With the implementation of projects, the development of technology, the improvement of data, and changes 
in legislation, the results of sensitivity mapping can change, and will therefore need to be updated.

Once the results of the process are available, a combination of data and maps also offers an important 
opportunity for the engagement of the general public. Various scenarios can be drawn up for the future energy 
system and its implications on ecosystem services (Holland et al., 2018). For example, at the national level, this 
can lead to considering a few larger power plants versus multiple smaller ones. The results of sensitivity map
ping can, if employed properly, present tangible opportunities to citizens, investors, and many other 
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stakeholders, allowing them to understand the implications and trade-offs of certain energy choices, and also 
to determine any preferred development scenario and design responses to mitigate negative impacts. Rever
sing the roles in renewable energy planning (i.e. asking where to situate renewables), which is supported by an 
auctioning system (Grashof, 2019; IFC, 2019), may be an option for finding solutions to non-conflicting (or 
less conflicting) renewable energy deployment scenarios. Other policies, such as local development or nature 
restoration, can also help integrate energy planning.

This section maps out the political and societal planning contexts for renewable energy from two perspec
tives: the challenge of where to situate a facility or infrastructure, and which type of renewable energy to select. 
Sensitivity mapping has been presented as a decision-support tool that can support both perspectives and, 
indeed, integrate them for successful renewable energy planning, as depicted in Figure 2.

3. Methods

To understand the potential of sensitivity mapping as a decision-support tool, we use a case study approach: a 
detailed examination of a specific situation within a real-life context which is particularly practical for research 
(Starman, 2013). Our objective is to explain the opportunities and limitations which result from the introduc
tion of sensitivity mapping, and we selected Slovenia as an instructive case study. To our knowledge, this 
country was the first to conduct sensitivity mapping at a national level, making it a pioneering experience 
and useful for other countries in the immediate future. Moreover, the case presented provides a unique 
example of sensitivity mapping in terms of both the scale and complexity of the analysis. In the first sense, 
the sensitivity mapping was done at a national scale, which corresponds to the usual perspective for making 
energy planning decisions, and it took into account multiple regimes, something which should always be fac
tored into energy planning decisions. In the second sense, the sensitivity mapping involved multiple sensitivity 
categories as opposed to just one, which took this case beyond the minimal standards for sensitivity mapping 
provided by EU legislative requirements (see Directive 2023/2413, Arts 15(e)−16(a)).

The analysis draws on data from sensitivity mapping carried out in Slovenia in 2023, as well as its conco
mitant activities1 (such as an analysis of legal and implementation barriers, and communication activities for 
renewables deployment) which took place until June 2024. This was combined with an original analysis of data 
on national and EU energy production, as well as policy documents (also national and EU) and scholarly lit
erature. We provide evidence of the actual results from the process of sensitivity mapping in Slovenia (a causal 
inference based on what happened) and integrate this with scholarship outside the case study to identify 
opportunities for a differential use application of sensitivity mapping. The mapping of the potential of renew
able energy sources (RES) for electricity production was done across hydro, wind, and solar energy sources 
(for solar and hydro above 100 kW, and for wind above 1 MW) (Final Report on mapping, 2023). The 

Figure 2. The potential of sensitivity mapping as a decision-support tool for integrating political and societal concerns.
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sensitivity analysis was done for 13 protection categories within four broader groups of protection regimes 
(Final report on Mapping, 2023, p. 13), as presented in Figure 3. Taken together, the scope of the sensitivity 
analysis performed in this case goes well beyond any known analyses, which typically focus on the sensitivity 
of individual species, habitats, or only some renewable energy sources.

4. Case study: how can sensitivity mapping improve planning for renewable energy?

To present the country-wide case study, we first outline a baseline to plan for renewables (4.1.), and then 
examine how sensitivity mapping contributed to overcoming the identified difficulties (4.2.).

4.1. The difficulties in meeting rising targets for renewables

Slovenia has a long tradition of using renewables for electricity production, relying particularly on hydro
power, which accounts for about third of total electricity production (with nuclear and thermal power 

Figure 3. Groups and protection categories covered by the sensitivity analysis. Source: Final Report on mapping, 2023, p. 13.
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accounting for an additional third each). After joining the EU, the country planned to steadily increase its 
deployment of renewable energy for electricity production, as shown in Graph 1 (Figure 4).

Around the 2010–2011 period, however, while concerns were raised that the expansion of renewable 
energy, particularly hydropower, could have a significant negative impact on the environment, for the country 
to achieve its targets it would need to invoke imperative reasons of overriding public interest, meaning that the 
introduction of renewable energy would also override the goals of nature conservation (NEP draft update, 
2011, p. 82). In the years that followed, Slovenia struggled to keep pace with investments in new facilities. 
This was partly due to the economic crisis and a fall in energy prices, which diminished the economic profit
ability of renewable energy projects, but also because of failures in realising planned renewable energy projects 
which either collided with some existing protection categories (nature and water), faced a public backlash, or 
were stopped by administrative procedures. In 2017, the plans for the 2030 targets proposed a steady increase 
in hydropower, as well as two scenarios regarding wind and solar: one with an enhanced deployment of wind 
energy, and the other with an enhanced deployment of solar energy. Plans for hydropower, and especially for 
large hydropower plants, despite the recognition of a potential conflict with the environment, remained 
important (ibid., pp. 29–31; Crnčec et al., 2023).

The slow implementation of renewable energy investments, including those in the electricity sector, threa
tened the achievement of the then upcoming 2020 targets. Indeed, the share of energy from renewables 
increased by less than one percentage point in the 2010–2019 period. By 2019, the country made the least pro
gress in renewables deployment in the EU since 2005 (Energy Agency, 2021, p. 30). In 2020 the country com
mitted to increasing its share of renewable energy to at least 27% by 2030 (NECP, 2020), which was only an 
increase of two percentage points compared to the 2020 target (made in 2010), and stood in stark contrast to 
the Commission’s recommendation of increasing the share of renewable energy to at least 37% (European 
Commission, 2020). Thus, within a decade (2010–2022), Slovenia regressed from a country with a high 
share of renewable energy to a country with some of the lowest deployments of both solar and wind in the EU.

In justifying its deviation from the more ambitious 2030 target which was requested by the Commission, 
Slovenia highlighted, among other factors, the fact that almost 38% of its territory was covered by Natura 2000 

Figure 4. Renewables for electricity generation in Slovenia. Source: our own elaboration based on data extracted from the National Renewable 
Energy Action Plan 2010–2020, pp. 118–119.
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sites, a large part of which were also areas that were very suitable for the deployment of wind and hydropower 
facilities (NECP, 2020, pp. 48–49). Four large hydropower plants that had been considered for the National 
Energy and Climate Plan (NECP) (EIMV, ZaVita & Stritih, 2019), had to be omitted from the final version 
due to the potential for significant negative environmental impacts. The adopted NECP foresaw a rapid 
deployment of solar energy, while remaining cautious about wind, and significantly downplayed any further 
deployment of hydropower. To address the risk of a conflict between the deployment of renewable energy and 
protection regimes, the NECP proposed a more proactive role for the state in terms of identifying and locating 
acceptable locations for hydropower and wind energy, as well as other renewables (NECP, 2020, p. 86).

Following the increased EU ambition (Fit for 55), EU countries had to increase their national renewable 
energy contributions to meet the 2030 target (42.5%, with an aspiration of 45%). In its draft for an update 
of the NECP, submitted in June 2023, Slovenia proposed a target of 30-35%, which was met by the Commis
sion’s recommendation of 46% (European Commission, 2024). This proposal demonstrates optimism with 
respect to the current figures (25% in 2023) (Statistical Office, 2024), but remains significantly below the rec
ommendations of the European Commission.

4.2. Results: the role of sensitivity mapping in the deployment of renewables

Since the NECP (2020) the government has been trying to take a more proactive role in the uptake of renew
ables through active planning for renewable energy. A concrete step in that direction was the implementation 
of a project to identify and quantify risks related to the further deployment of renewable energy for electricity 
generation (Project RES Slovenia) (Inception Report, 2022), and an important part of that was conducting 
comprehensive sensitivity mapping. The identified risks were scored into grades from 0 to 3 (0-no risk, 1- 
low risk, 2-high risk, and 3-very high risk of a significant impact on protection categories). The final outcome 
was the creation of an overlay of various mappings in order to arrive at a detailed and informed basis for 
decision-making, including the potential designation of special acceleration (or ‘go-to’) areas for the deploy
ment of renewables at the national level.

The results provided valuable findings regarding the areas with a recognised potential for the production of 
renewable energy and any corresponding risk to protected categories. Concretely, the analysis revealed that a 
large share of the areas with the technical potential for renewable energy (especially large hydro and wind 
facilities) fell into the highest risk category for conflict with existing protection regimes (see Figure 5).

The project concluded that Slovenia has up to 97 TWh/year of production potential from renewable energy 
sources (RES) from large and mid-size power plants (Final Report on mapping, 2023, p. 17), which is approxi
mately seven times more than the country’s total annual consumption of electricity (approximately 14 TWh/ 
year, according to the Energy Agency, 2021, p. 43). It also identified the share of technical potential for renew
able energy per energy source (Final report on mapping, 2023), which is summarised in Figure 6.

However, from the overall annual renewable energy technical potential, only 4.3% corresponds to no risk 
areas, and 1% to low risk areas of significant impact on one (or more) protection categories, with a vast 
majority of the remaining potential located in areas with high and very high risk of significant impact on 
one (or more) protection categories (Final Report on mapping, 2023). In no risk areas, only rooftop solar 
and ground solar have production potential (ibid.). Similarly, in areas of low risk, approximately all of the 
identified potential is solar. Except for solar energy potential, the vast majority of the identified hydro and 
wind potential is located in areas of high and very high risk for a significant impact on protection categories. 
See Figure 7 for the summary.

The study concluded that if the entire no risk production potential of the analysed renewable energy was 
deployed, the country could increase its share of renewable energy in gross final energy consumption by 7.46 
percentage points, i.e. from 21.97% (in 2019) to 29.43%. The deployment of solely no risk potential would thus 
deliver a higher target compared to the then valid national target (at least 27%), and with the additional 
deployment of low risk production potential, this could be further increased by approx. 1.73 percentage points, 
i.e. to 31.16%.
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This means that the target which Slovenia set for itself in 2020 could be reached within no risk areas; a 
significant improvement in renewable energy performance can be achieved without the need for interventions 
in areas of high and very high risk. Nevertheless, the study concluded that Slovenia will not be able to reach the 
target of climate neutrality by 2050 through the deployment of large RES above 10 MW alone, nor the target of 
37%, which was recommended to the country by the commission, unless it makes use of high and very high 
risk areas (Final Report on mapping, 2023, p. 27–30). It should also be noted that the study has not assessed 
whether and how the deployment of only some particular technologies (no risk RES) will affect the country’s 
electricity supply security.

Regarding the sensitivity mapping results, to some extent these were only used to engage the public. 
Prior to the start of sensitivity mapping, the intention was to engage stakeholders in the findings and 

Figure 5. The share of areas with the technical potential for renewable energy which fall into the highest risk category for conflict with existing 
protection regimes. Note that the values show a share for each category independently, and the risk for a specific source of energy can overlap 
with multiple categories. Source: prepared based on the Final Report on mapping, 2023, p. 26, Table 14.

Figure 6. Identified renewable energy technical potential: Total energy potential (a) and the potential of different types of solar energy (b). 
Source: our own compilation, based on the Final report on Mapping, 2023.
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proposed measures, and link these to key community concerns surrounding renewable energy expansion 
(Inception Report, 2022, p. 33, 36). However, actual activities during the project included a public poll, a 
communication strategy with related materials (a set of photo and video material on renewable energy; a 
website design manual), and capacity building in relevant Ministries, all of which were implemented with 
the goals of promoting the further deployment of RES, raising awareness on the importance of RES, and 
minimising the so-called ‘not in my backyard’ (NIMBY), and ‘build absolutely nothing anywhere near any
thing’ (BANANA) effects (Final Progress Report, 2023, p. 14). While the results from the mapping had not 
been used directly for the engagement of the public until the end of 2024, they were used as an expert 
bases in the process of drafting an update of the National Energy and Climate Plan (NECP, 2020), 
which involved the public as well. Furthermore, the high risk of collisions between the intensive deploy
ment of renewable energy and existing protection categories was listed as one of the main nationally rel
evant circumstances hindering the adoption of a more ambitious national renewable energy target (draft 
NECP update ver. 4.2, 2024, pp. 62–67). Finally, sensitivity mapping in the future will need to be updated 
and used to determine renewable energy acceleration areas in the country, a process which should also 
include the public (The Act on the Deployment of Installations for the Production of Electricity from 
Renewable Energy Sources). Contrary to the initial approach, which assumed that the expansion of renew
able energy was directly linked to public participation in renewable energy planning, the involvement of 
the public in decision-making which resulted from sensitivity mapping has been much more indirect, as 
priority was given to informed target setting and the involvement of expert stakeholders.

5. Discussion: the potential of sensitivity mapping for renewable energy planning

In the case which was studied, sensitivity mapping as a decision-support tool demonstrated either direct or 
potential benefits in the context of advancing renewable energy planning. Based on the case study, we 

Figure 7. The overall annual production potential per areas of risk (a), the overall annual production potential in ‘no risk’ areas (b), and the 
overall annual production potential in ‘low risk’ areas (c). Source: prepared based on Final Report on mapping, 2023, p. 26.
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identified specific ways in which this decision-support tool could make a crucial contribution to the process of 
renewable energy planning through the way it provides novel insights into existing studies.

5.1. Siting renewable energy in areas without conflict and pursuing feasible targets

Sensitivity mapping enables renewable energy planning and expansion without compromising other policy 
objectives which are protected by existing legislation, and whose significance may also increase (e.g. health, 
biodiversity, water). This is a significant advance compared to the way renewable energy planning is currently 
carried out in many countries, including the EU, where targets are set with incomplete evidence regarding 
their ability to avoid conflict with other protection regimes. This is particularly problematic, as renewable 
energy targets are often set at the international level, but lead to tensions with their implementation at the 
local level (Koelman et al., 2022). Rather than using an arbitrary and uniform approach, targets should be 
set while also considering their potential to be realised without conflict.

The sensitivity mapping performed in Slovenia makes a case for the country to achieve its 2030 renewable 
energy target in conflict-free areas. The target of at least 27% renewables by 2030 (NECP, 2020) was deter
mined through an expert assessment of the energy potential, but without a comprehensive assessment of 
the implementation’s potential impact on other regimes. The evidence now suggests a higher-than-expected 
potential in areas which present no risk of conflicts and, in principle, this should be adequate for Slovenia to 
accomplish its 2030 targets.

The implementation of renewable energy in such areas could help Slovenia break out of the challenging 
cycle that it has experienced in recent years, where the government set relatively high targets, but often failed 
to accomplish them in ways that would be acceptable to the public. In some instances of renewable energy 
projects, the lack of a comprehensive strategic approach to effectively manage climate and energy goals caused 
civil society to distrust those plans, and created an increased backlash against many renewable energy projects 
(Huš et al., 2024). This resulted in an increasing deficit of implementation and a loss of internal momentum 
for renewable energy planning.

With this evidence for the possibility for renewable energy implementation without imposing conflicts on 
other regimes, Slovenia can start closing the gap between those targets and its results, and the mapping of 
potential areas for implementation also contributes to establishing viable targets. These do not contradict 
the ambitious targets, but instead prevent an insistence on using certain conflicting areas, something that 
can lead to an erosion of trust or a loss of motivation among stakeholders, all of which can hinder rather 
than advance the intended cause of making advances with respect to renewable energy. Over time, targets 
can gradually be made stricter (Cattino & Reckien, 2021) and can support an evolving policy on renewables, 
allowing countries to gradually move in their energy transitions alongside the introduction of other techno
logical developments, such as hydrogen fuels, various means for CO2 reduction, and other technologies (e.g. 
Hainsch et al. 2022).

5.2. Supporting targeted policy measures

The results of sensitivity mapping make it possible to more precisely identify policy or regulatory measures 
that would be the least harmful in terms of existing environmental laws. Such targeted measures may be a 
better approach than a regulatory change, such as indicating that renewable energy has an ‘overriding public 
interest’, something which effectively fragments existing environmental laws and downgrades nature conser
vation as a policy objective (Durá-Alemañ et al., 2023; Trouwborst, 2023).

In Slovenia, sensitivity mapping has led to the identification of areas with no or low risk that had not been 
previously recognised, and highlighted regulatory and administrative barriers that impede the implementation 
of some of these low-conflict solutions. For example, the identification of the relatively important energy 
potential for photovoltaic (PV) installations coincided with the identification of regulatory barriers to their 
installation on road land, landfills, agricultural lands, water surfaces, and other areas (Deliverable 4 report 
2023). In turn, regulatory adjustments for some of these non-conflict uses have been implemented in the 
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2023 Act on the Deployment of Installations for the Production of Electricity from Renewable Energy Sources. 
The Act determined designated areas for PV installations, such as large building roofs, urban parking lots, 
road and railway areas, electricity production sites, closed landfills, and non-flooded abandoned mines – pro
vided that they comply with spatial regulations. Such interventions which contribute to the deployment of 
renewable energy without harming other protection regimes are preferable to the deployment of an energy 
installation in a high-risk area.

5.3. Planning for security of supply and cross border cooperation

Sensitivity mapping does not take into account security supply considerations. In Slovenia, it was found that it 
would be very difficult for the country to quickly deploy its potential for hydropower and wind energy, so con
tributions from these technologies to the 2030 targets will not be significant. The focus for pursuing the renew
able energy targets is now on solar energy which, however, raises questions regarding security of supply.

In that context, the results of sensitivity mapping at the national and the regional level (e.g. the EU) could also 
lead to various, less debated policy options, such as transboundary renewable energy planning and exploiting no 
risk areas, provided that the standards for decisions (the criteria related to protection regimes) are harmonised 
and justice is ensured. The renewable energy targets may be difficult to accomplish at the same level as certain 
countries, but may become more manageable at a larger scale. Transnational planning may become a particularly 
valid option with the rising significance of targets on nature conservation through the EU’s Nature Restoration 
Law (COM (2022) 0304). Countries can pursue regional cooperation and co-investment in renewable energy, or 
decide to focus on the development of infrastructure at the country level. While this could support security of 
supply at the level of the EU, it would not do the same at the country level. Solutions in this direction call for a 
more nuanced engagement with respect to the EU’s constitutional values of solidarity, territorial cohesion, 
internal markets, and sustainable development (Huhta & Reins, 2023; LaBelle, 2024).

5.4. Facilitating participatory decision-making

Participation requires the involvement of different types of publics at different stages. During the development 
of sensitivity mapping in Slovenia, experts played a key role in identifying non-conflict renewable energy areas. 
Several provided opinions for spatial planning procedures (various governmental agencies), and investors, 
NGOs, engineers, and researchers were all instrumental in sharing their data and reviewing the results, all 
of which ensured a diversity of expertise (Final Progress Report, 2023, p. 5). Involving experts in the early 
stages is reported to reduce distrust and improve the robustness and acceptance of decisions (Fast, 2013; Lone
rgan et al., 2022; Susskind et al., 2022). Indeed, the broader consensus among experts that emerged was a wel
come development, and it has expanded the circle of participation.

However, in the studied context, sensitivity mapping was not fully exploited for drawing up and openly 
discussing energy system scenarios. While data from sensitivity mapping is available through a website in a 
transparent format, the results (maps, interpretations) have not yet fed into societal discussions and public 
participation in the design of an energy system. This is regrettable because the data can be valuable in gaining 
stakeholders’ trust (Taha Aljburi et al., 2024). However, this requires more than merely making sensitivity 
mapping results available, or using them as evidence for governmental decisions. A significant improvement 
in participation could be achieved through scenario development – using data to create diverse scenarios that 
stakeholders can debate, select, and use as a strategic foundation for planning specific renewable energy pro
jects. This approach could help address both the gap between the widespread and abstract support for renew
able energy, as indicated by opinion polls (Eurobarometer, 2023; Mediana and Ernst & Young Svetovanje 
d.o.o., 2022; Parsifal & Greenpeace, 2023; Sütterlin & Siegrist, 2017), and the lack of concrete follow-through.

A participatory approach requires the role of the public to be understood not only in terms of ‘needing 
awareness raising’, or requiring their opinion to be ‘steered in the right direction’. Instead, the role of the pub
lic lies in their understanding of the rationale for decisions, co-designing them, and assuming co-ownership in 
the processes of energy transition. This has direct implications for many aspects of existing energy systems, 
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such as the concentration of power and dominance of certain actors, the centralisation of decision-making, 
and an unequal distribution of costs (Burke & Stephens, 2018; Chmutina & Goodier, 2014). These issues 
are also directly at play in the energy transition in Slovenia, where these factors have created systemic barriers 
to change, such as path dependence, system inertia, and institutional lock-in (Tkalec, 2016).

The results of sensitivity mapping have the potential for creating more inclusive decision-making, which 
would take into account the knowledge of various stakeholders, and the inclusion of the public is an integral 
part of the energy transition (Burke & Stephens, 2018; Del Bene et al., 2018; Sorman et al., 2020). However, 
renewable energy projects are not immune to risk and a system’s failure (Attia, 2020; Eitan et al., 2023; Komen
dantova et al., 2012), or exclusion and injustices (Baker, 2019; Knuth et al., 2022; Scoones et al., 2020). Greater 
participation in decisions at the strategic level, for example, through scenario planning, could help to over
come some of the potential later obstructions (for example, in the form of permission processes) and improve 
public acceptance of renewable energy projects. Blockages of projects by the public has been problematic in 
Slovenia, but it is believed to have been a result of frustration over exclusion, and used as a way to arrest auto
mated decision-making (Huš et al., 2024; Tkalec, 2016, p. 118).

6. Conclusion

Countries and regions are engaged in renewable energy planning as part of mitigating climate change. 
Decision-makers need to accomplish this transition in ways that are forward looking and informed by evi
dence (Guston, 2014), as well as being integrative and inclusive (Visseren-Hamakers et al., 2021). This 
study has outlined the role of sensitivity mapping in contributing to such decision-making. Sensitivity map
ping, thus far regarded as a technical tool in energy planning, provides a unique opportunity for a structured 
consideration of policy concerns and the participation of stakeholders into energy planning, all of which 
enhance the quality, legitimacy, and typically also acceptability of decisions. Analysing the case of a first- 
mover country in using this decision-support tool offers a learning opportunity for the energy planning of 
other countries and regions.

To fully harness the potential of sensitivity mapping as a tool for political decision-making and societal 
engagement, we advocate for its implementation at larger scales (national or regional), which would encom
pass multiple energy sources and protection categories, and integrate the results into public debates regarding 
energy planning. The studied case also demonstrated that, at a country-wide level, attaining a high and ambi
tious renewable energy target before the 2030s might not be possible without encroaching on some protection 
regimes. Acknowledging the limits of using some spaces can be unpopular, as it highlights the challenges of the 
non-conflictual expansion of renewable energy, and this underpins the consensus around a clean energy tran
sition. Nevertheless, it is essential to involve the public in recognising these limits and trade-offs, rather than 
making renewable energy expansion solely a political decision.

Note
1. The sensitivity analysis was conducted as part of the EU’s Technical Support Instrument, which aimed to support Slovenia 

by addressing renewable energy deployment barriers in the electricity sector under the project ‘Facilitating renewable 
energy deployment in the electricity sector of Slovenia’ (RES Slovenia).
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