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Abstract: Despite the fact that some renewable energy (RE) technologies are already
techno-economically viable, the high spatial dilution nature of their sources, together with aspects
beyond the techno-economic ones (such as environmental, social, cultural, and other aspects),
can become strong constraints and barriers when it comes to their integration into electric systems.
Therefore, with the objective of determining whether studies on spatial energy planning (SEP) are
addressing these issues, a systematic review has been carried out to address whether SEP studies
are considering aspects beyond the techno-economic ones when integrating RE technologies and,
if they are being considered, how they are addressed in their analyses and what criteria, factors,
and indicators of the aspects that are employed. Apart from the revelation that the concept of SEP
has been included within high-quality scientific literature for less than ten years, SEP seems to be an
unexploited tool with the potential to provide significant insight into a planning process that could
prevent conflicts when integrating RE technologies into electric systems. This would be useful for
decision-makers and for accelerating a sustainable energy transition.

Keywords: renewable energy; energy planning; planning tool; sustainability; environmental; social;
decision-makers; sustainable energy transition

1. Introduction

Renewable electricity technologies are vital elements in achieving global climate targets [1-3].
However, the transition from the current fossil-fuel-based energy system to a renewable energy
(RE) system needs to be accelerated [4]. Although various renewable electricity technologies are
already technically feasible and economically viable [5,6], the spatial low-density of some renewable
sources with a large land use footprint, together with their environmental, social, and landscape
impacts, have become strong constraints and barriers when it comes to their integration into energy
systems [7-10]. These barriers are related not only to the usual “developer” vs. “local population”
syndrome, but also to the conflict between energy policy and land use planning processes [11].
Therefore, when integrating RE technologies into energy systems, synergies and trade-offs with
other sustainability concerns should be considered, such as water and land use, landscape impacts,
and socio-economic aspects [12-15].

However, most energy planning approaches are centralized and mainly based on energy modeling
tools with a focus on techno-economic aspects [16]. On the one hand, the environmental and landscape
impacts are typically considered when an RE project requires approval to be built. Their assessment
criteria are directly related to the specific country’s environmental, landscape, and land-use planning
regulations, which vary from country to country [10]. Moreover, although an individual RE project
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may have support from the government, in many cases, it will face social opposition [4]. On the other
hand, the amount of greenhouse gas emissions is the most common environmental factor and indicator
that energy system models have been used. At the residential level, the HOMER simulation tool has
been used to carry out a techno-economic-environmental analysis within the context of the sustainable
development goal 7 [17]. The HOMER software tool has also been used for a feasibility analysis of the
resilient of power supply systems’ configuration from the techno-economic and life-cycle environmental
emission perspective [18]. However, energy system models can be improved in order to be coupled
with integrated assessment models for a more comprehensive and multi-disciplinary understanding of
defossilization pathways for the benefit of policymakers, stakeholders, and communities [19-21].

Furthermore, models on decentralized energy systems also lack insight related to social aspects
and spatial resolutions [22]. Actually, understanding of the energy, social, and spatial dynamics at
the local level has become an important issue in the literature on RE development [10,23-26]. Oudes
and Stremke [27] have proposed a methodological framework for assessing the spatio-technological
feasibility of energy transition targets at the local and regional scale. They based their methodology on
the concept of Spatial Transition Analysis, which is spatially explicit and evidence-based, with regard
to RE technologies, and inclusive of stakeholder preferences and values. At the same time, several
authors [28-38] have employed complex trade-off analyses for RE development and multi-criteria
decision analyses, as well as a variety of tools and theoretical approaches at different levels. In a similar
way, the spatial energy planning (SEP) concept has recently emerged in the scientific literature; however,
is this concept being used as a tool that could help to overcome challenges beyond the techno-economic
ones when integrating RE technologies into electric systems?

Therefore, the principal aim of this work was to reveal whether studies that used the SEP concept
addressed issues related to aspects beyond techno-economic ones, in order to prevent barriers and
conflicts that RE large-scale projects could face in their integration into electric systems. In this sense,
first, an explanation of the emergence of this concept, as well as the framework in which it is used,
was provided. Then, a systematic review of SEP presented in high-quality scientific literature was
conducted. Based on this, apart from revealing that the SEP concept has existed for less than a decade
in the literature, we found that SEP seems to be an unexploited tool. It has the potential to prevent
barriers in the planning process for integrating RE technologies at different levels and scales. Some
SEP approaches consider aspects beyond the techno-economic ones, and could be useful for strategic
policies, planners, investors, and decision-makers. They could also provide benefits for communities
and for accelerating the sustainable energy transition.

This paper is structured as follows. Section 2 provides a brief history on the emergence of the SEP
concept and explains the framework within which it is used. Section 3 describes the process that was
carried out throughout the systematic literature review. The results of this, a description of the evolution
and tendencies of the SEP concept, and the articles that considered aspects beyond the techno-economic
ones are presented in Section 4. In this section, the criteria, factors, and indicators related to aspects
beyond the techno-economic ones are also presented. Section 5 provides an interpretation and
discussion of the results, as well as recommendations for future research in the field. Lastly, conclusions
are presented in Section 6.

2. On the Emergence of the SEP Concept and the Framework in Which It Is Used

Historically, the integration processes between space and energy planning have mainly been
related to the urban environment. According to De Pascali and Bagaini [39], from the first studies
that integrated urban planning and energy planning in the 1970s to the current concerns of shared
sustainability and decentralized energy system solutions, they have been understood as a way to
promote local development. The integration of energy variables in urban planning involved intense
theoretical elaboration until the early 1990s [40-46]. The result of this was a systemic framework of the
relationship between city physical-functional organization and energy and planning, which highlighted
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the importance of including energy strategies in spatial planning [39]. However, this was still far from
finding an implementation [39].

During the 1970s, in parallel to the studies that started the integration of urban structures and
energy planning, the integrated energy planning (IEP) concept was proposed by the International Energy
Agency—along with several states—as a response to the oil crisis, in order to decrease the dependence
on foreign oil and increase the energy diversity [47]. During that decade, energy planning efforts
were energy models aimed at exploring the established relationships between energy and economy in
the energy sector [48]. Based on this, most of the IEP methodologies were mainly applied from an
economic perspective and at the national level [47]. In the 1980s, growing environmental concern
slightly adapted the previous decision framework [49]. Then, the need to incorporate environmental
and social aspects in energy planning occasioned the increasing use of multi-criteria approaches [48].

Under the frame of multi-criteria decision-making methods, the sustainable energy planning
concept started to appear in the scientific literature during the 2000s [48] and it has received an
increasing amount of interest in the last five years. However, this concept has mainly been associated
with multi-criteria analysis methods and modeling and theoretical approaches [33-38,50-57] principally
focused on long-term energy scenarios at the national level, in which planning and the energy policies
are still unintegrated with spatial planning.

According to Cormio et al. [58], the global growing concern on environmental protection and
sustainable development, along with the liberalization of the energy market in several countries, led to
an increase in the interest in IEP at the sub-national level. In this regard, Mirakyan and De Guio [47]
presented a generic IEP procedure for cities and territories in the early 2010s, in which the planning
activities were divided into four main phases (I: preparation and orientation II: model design and
detailed analysis, I1I: prioritization and decision, and IV: implementation and monitoring) and the
implemented methods and software resources used until that time were allocated in the appropriate
phase. Therefore, methods and models that quantitatively analyze the potential integration of RE
technologies into energy systems are included in planning phase II, and the consideration of qualitative
aspects and their eventual interaction with the spatial structures are involved in planning phase III.
However, the spatial structures are not directly analyzed in the IEP procedure.

Considering the importance of re-thinking the role of spatial planning and energy planning as
a strategic tool, due to its potential influence on urban design, infrastructures, mobility, land use,
private property rights, the water supply, food security, environmental protection, public health,
local development, resilience, and sustainability, among others, in the last decade, an Austrian research
group has conceptualized the integrated spatial and energy planning (ISEP) concept [59]. The ISEP
concept is defined as “the part of spatial planning that deals with the spatial dimensions of energy consumption
and energy supply” [60]. Based on the interrelation between spatial structures, the energy demand,
and the energy supply [61], a combination of models and methods used in both phase II and phase III
of the IEP procedure can be implemented as strategy tools. Within this framework, the SEP concept
has emerged during the last decade in the scientific literature.

Due to the crucial role that RE technology will play in accelerating the sustainable energy transition,
we focused the analysis on the energy supply dimension of the ISEP concept.

3. Methodology

In this work, a systematic review of SEP, considering it as a tool to plan and design the integration
of RE projects into electric systems, was conducted. The review process solely used high-quality
scientific literature for the purpose of determining whether studies on SEP considered aspects beyond
the techno-economic ones (such as environmental, socio-economic, social, cultural, and other aspects)
when integrating RE technologies into an electric system and, if they are being considered, how they
are addressed in their analyses and which criteria, factors, and indicators of the aspects are employed.

To ensure the quality of the studies, the search used Web of Science, Scopus, and ScienceDirect
databases. In addition, with the aim of obtaining studies that used the SEP concept, “spatial energy
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planning”—anywhere in a document—was used as the search equation. This was used because
keywords within quotation marks show documents that exactly contain those words in that order as a
search result. This search was performed on 2 March 2020, so any article available in the databases
used after this date was not included.

In addition to deleting duplicated studies, as one of the eligibility criteria, only journal articles
were selected. Then, studies that did not really use the SEP concept in the analysis and/or as a tool were
also excluded. This was conducted because some articles can contain the keywords within quotation
marks, but, for instance, only in the reference list.

After the selection of articles, first, data and information were collected to describe the evolution
and tendency of the SEP concept in the scientific literature, namely, the year of publication, journals of
publication, type of energy system involved (electric and thermal), continent where the study was
performed, level of application of the study (e.g., national, sub-national, etc.), type of RE technologies
involved, and aspects analyzed in general terms (e.g., technical, techno-economic, social, environmental,
and other aspects).

In a second step, the focus of the analysis was placed on articles applied to an electric energy
system, as those studies involved aspects beyond the techno-economic ones. In addition to identifying
those aspects, each article was described in terms of how those aspects were addressed in the study.

Finally, as a third step, criteria and factors involved in aspects beyond the techno-economic ones
were identified and presented.

All of this has been considered in order to understand whether the SEP concept is helping or
could help to overcome barriers beyond techno-economic aspects that have emerged in the integration
of renewable electricity technologies around the world at different levels.

4. Results

A summary of the article selection process is illustrated in Figure 1. After searching in the Web of
Science, Scopus, and ScienceDirect databases, 6 of the 26 results were removed due to duplication.
Then, eight studies were excluded because they were outside of the eligibility criteria: two of them
because they were not articles, and six of them because they did not really use the SEP concept in the
analysis and/or as a tool. Specifically, in one of them, the SEP concept was only cited from another
study, and in five of them, the SEP concept was included in the reference list.

Records identified through Additional records identified
database searching through other sources
(n=26) (n=0)

Records after duplicates removed

(n=20)
Records screened . Records excluded
(n=20) 7] (n=0)
Full-text articles assessed Full-text articles excluded,
for eligibility with reasons
(n=20) (n=8)

l

Studies included in
synthesis
(n=12)

Figure 1. Flow diagram of the article selection process based on Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [62].
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Table 1 sets out the articles selected for analysis. As can be observed in this table, the SEP concept
has been included in high-quality scientific literature for less than a decade, and 2020 is the year when
the most articles have been published. The articles have been published in a variety of journals, most of
which have been technical ones. More than 80% of the works were performed in Europe, and 75% of
the studies were applied at the sub-national level.

Table 1. Articles selected that include the spatial energy planning (SEP) concept, with their
corresponding reference, year and journal of publication, and continent and level of applications.

Year of .
Author(s) Publication Journal Continent Level

Reiter [63] 2013 Euroheat and Power Europe Sub-national

Journal of Urban .
Shubert [64] 2014 Technology Europe Sub-national

Thyeesen and Renewable and
Y8 2014 Sustainable Energy Europe National
Agarwal [65] .
Reviews
Renewable and
Scognamiglio [66] 2016 Sustainable Energy Europe Sub-national
Reviews
Choi et al. [67] 2016 Chemical Engmeel"mg Asia National
Research and Design

Landscape and .
Mostegl et al. [68] 2017 Urban Planning Europe Sub-national
Garegnani et al. [69] 2018 Applied Energy Europe Sub-national
Bottcher et al. [70] 2019 Renewable Energy Europe Sub-national
Epting et al. [71] 20201 Renewable Energy Europe Sub-national
Boamah [72] 20201 Energy Res.earch & Africa Sub-national

Social Science
Europe and North

v 1 . p ~ .
Lukat et al. [73] 2020 Applied Energy America Sub-national
Gusatu et al. [74] 20201 International Journal of Europe Transnational

Geo-information
1 Up to 2 March.

In addition, other data and information from the selected articles were extracted, in order to
describe the evolution and tendency of the SEP concept in the scientific literature. This is presented in
Section 4.1. Section 4.2 describes how the studies on the SEP concept that included aspects beyond the
techno-economic ones addressed their analyses. Moreover, in Section 4.3, criteria, factors, and indicators
identified from those aspects are presented.

4.1. Evolution and Tendency of the SEP Studies in the Scientific Literature

The first SEP article [63] was published in 2013 and was applied to a thermal energy system.
From 2013 to 2019, an average of 1.14 articles per year were published, adding up to a total of eight;
five of them were on electric systems [65-69]. So far, four articles have been published this year (up to
2 March); three of them are on electric systems [72-74]. Therefore, it was revealed that the number
of SEP articles has recently increased, with the tendency mainly being analyses related to electric
energy systems.

On the other hand, all of the studies that have applied thermal energy systems [63,64,70,71]
have been performed at the sub-national level, specifically, at the urban level. Of the eight studies that
have applied electric energy systems, one [74] was conducted at the transnational level, two [65,67]
at the national level, and five [66,68,69,72,73] at the sub-national level—in the countryside and/or urban
places. Therefore, the SEP articles show a tendency to include studies conducted at the local level.

In terms of the aspects analyzed by the SEP articles, all of those on thermal systems were purely
technical. In contrast, half of the articles on electric systems considered aspects beyond the technical
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or techno-economic ones. Thygesen and Agarwal [65] published the first article using the SEP
concept to address a number of aspects beyond the techno-economic ones in the analysis, in 2014.
Then, Scognamiglio [66], Mostegl et al. [68], and Boamah [72] published studies that discussed those
kinds of aspects, in 2016, 2017, and 2020, respectively.

Figure 2 shows the RE technologies involved in the articles that consider electric energy systems.
As can be observed in Figure 2, solar photovoltaic (PV) has been the most frequently considered
technology in the SEP concept, being present in almost half of the studies, followed by wind onshore
(in 27% of the studies), wind offshore, biopower, and hydropower technologies (each of them in 9%
of the studies). However, the SEP analysis on wind offshore technology [74] only involved technical
aspects, and the SEP study on hydropower [69] discussed techno-economic aspects. Therefore,
this evidence shows that solar PV, wind onshore, and biopower are the technologies that have been
analyzed, considering aspects beyond the techno-economic ones, in terms of the SEP concept.

Wind offshore Biopower
9%

Hydro-power
goﬂ

Wind onshore

27%

Figure 2. Share of renewable energy (RE) technologies involved in the SEP articles considering
electric systems.

Therefore, the focus of the rest of this paper will be on those articles on SEP that considered
electric energy systems and that contemplated aspects beyond the techno-economic ones, since they
are directly aligned with the purpose of this study.

4.2. Articles on SEP That Contemplated Aspects beyond the Techno-Economic Ones

Four articles [65,66,68,72] that addressed aspects beyond the techno-economic ones in terms of
the SEP concept to integrate renewable electricity technologies were found. Descriptions of how
each of these studies on the SEP concept addressed those kinds of aspects in their analysis will now
be presented.

Thygesen and Agarwal [65] identified and discussed key criteria for promoting the environmentally
acceptable wind planning. This was carried out through a comparison of the planning systems for
wind power in Norway and Scotland. Based on a review of the impact assessment procedures in the
literature, they found four key criteria for promoting sustainable wind energy planning: (i) clear and
integrated political priorities; (ii) stakeholder involvement; (iii) strategic environmental assessment
(SEA); and (iv) stringent permission and assessment requirements. They also found four political
characteristics related to critical institutional conditions that effectively promote sustainable energy
production: (a) coordinated energy policy institutions; (b) legitimate planning procedures; (c) that SEAs
are followed in the decision-making process; and (d) statutory planning regulations. The authors
argued that coordinated institutions, contributive stakeholder participation, and clear political priorities
are crucial for addressing constraints of other environmental concerns that may not be included in
SEAs related to wind power planning.
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Scognamiglio [66] carried out a critical review of the design and assessment of photovoltaic
landscapes for a new trans-disciplinary design vision. This author investigated the PV landscapes
in terms of patterns, in order to evaluate them, basing their analysis on technological, economic,
environmental, social, and political aspects. For each aspect, quantitative and qualitative indicators
were assigned (refer to Table 2). The quantitative evaluation was addressed in terms of the land use
energy intensity and the qualitative one was addressed in terms of perception esthetics. The author
of this work also proposed a quantitative approach focusing on land use to estimate the life cycle
of the energy generation from PV landscapes. Scognamiglio [66] argued that new PV landscape
patterns would allow for a better ecological performance of this technology, and also presented research
questions related to the quantitative assessment of the beneficial ecological impacts that would be
generated by PV patterns under a new design vision.

Mostegl et al. [68] discussed the necessities and preconditions for an integrated energy planning
process using a case study in Bavaria, Germany. The main goal of this work was to identify how a
community can deal with the energy transition challenges and how those challenges can be considered
in planning processes. The authors recommended several improvements to the public participation
processes based on a questionnaire and a visual choice experiment that they carried out in the local
community. The experiment included a choice projecting tailor-made visualization of RE sources in the
local landscape. They found that the questionnaire and the visual choice experiment (which involved
the potential location of wind onshore and ground-mounted PV systems) both provided significant
insights into the preference and acceptance of RE project locations. The authors also argued that
the visual choice experiment and questionnaire revealed preferences related to the promotion of RE
solutions, possible household savings, and investment models. The authors highlighted the potential
of the SEP approach with public participation for avoiding social conflict in the integration of RE
technologies into the electric system at the local level.

Boamah [72] discussed the desirability and debatability of decentralized solar photovoltaic
systems in the context of the African continent. This work was carried out through the analysis of
four idiographic cases in South Africa, Ghana, Namibia, and Kenya. The author pointed out that
energy justice for all, via the massive promotion of decentralized solar electrification, is not guaranteed.
They argued this as follows (p. 1): “due to contested notions of entitlements to and use of grid-based and
off-grid electricity, relative spatial advantages or disadvantages, practical constraints linked to the pursuit of
low-carbon energy solutions — particularly in situations where people/governments do not feel (morally) obliged to
make commitments to climate change mitigation, and monopolistic tendencies of electricity distributors/suppliers.
Furthermore, many electricity users in Africa lack the technical know-how and financial resources required for
efficient self-organization of decentralized solar PV electrification”. The author finalized the analysis by
revealing that the limited commitment to low-carbon energy solutions in those countries has facilitated
business models based on both the most distributed energy source (solar) and the most scalable
technology (PV). These are not properly considered social aspects of the African context and have
provoked an unjust electrification process with a negative economic impact on the local population.

In general terms, environmental, political, and social aspects are the main aspects that articles
using the SEP concept have contemplated in their analyses. However, three of the four studies
were performed to identify criteria, factors, or indicators from previous energy planning processes
and existing RE systems. Only one article used the SEP concept as a strategy tool for an energy
planning process.

4.3. Criteria, Factors, and Indicators Involved in Aspects beyond the Techno-Economic Ones

Table 2 presents the criteria, factors, and indicators related to the main aspects, beyond the
techno-economic ones, that were found in the articles reviewed in depth. As can be observed in this
table, there are quantitative and qualitative criteria, factors, and indicators. However, more than half of
them do not have a unit. Despite this, some could be assigned a type of unit to make them measurable.
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Table 2. Criteria, factors, and indicators associated with the main aspects beyond the techno-economic
ones found in articles on the SEP concept.

Aspect and References Criteria, Factors, and Indicators Unit
Environmental
[65] Strategic environmental assessment ni !
[66] Greenhouse gas emissions g CO,ep/kWh
[66,68] Land use m?/MWh
[66,68] Area requirements m2/kW
[66] Impacts on amenity Qualitative
[66] External cost (environmental) €c/kWh
[66] Water consumptions Kg/kWh
[72] Low-carbon energy solution ni !
Political
[65,68] Integrated energy objectives ni. !
[65] Coordinated energy planning institutions ni. !
[65] Legitimate planning procedures ni. !
[65] Statutory planning regulations ni !
[68] Participative processes ni. !
Social
[65,68] Stakeholder involvement ni. !
[66,68] Social acceptability Qualitative
[66,68,72] Social impacts Qualitative
[66] External cost (human health) €c/kWh
[66,72] Job creation Job-years/GWh
[66] External supply risk ni !
[66,68] Visual disturbance ni. !
[68] Expected cost-benefits ni !
[72] Energy justice ni. !
[72] Energy poverty ni. !
[72] Technical know-how ni !

1 Not informed.

5. Discussion

The principal goal of this work was to determine whether the SEP concept, considering it as a
tool to carry out energy planning processes, is helping or could help to overcome barriers that have
emerged in the integration of RE technologies into electric systems, which are related to aspects beyond
the techno-economic ones. In this sense, there are a couple of differences from other literature reviews
conducted in the field [7-9,11,29]. On one hand, our review thought of the SEP concept as a tool for
planning and designing the integration of RE projects into electric systems, instead of for obtaining
insights from existing RE systems. An exception to this is the review performed by Picchi et al. [29].
They discussed approaches and methods regarding landscape planning but focused on the relationship
between RE and ecosystem services. On the other hand, our review considered aspects (as well as their
corresponding criteria, factors, and indicators) other than the environmental, spatial, and landscape
impacts included in the planning process related to RE technologies.

The systematic literature review carried out in this work revealed three main results that
should be highlighted: (i) the SEP concept has featured in scientific literature for less than a decade;
(ii) only one-third of the articles found considered aspects beyond the techno-economic ones; and (iii) just
one of those articles used the SEP concept as a tool for an energy planning process. Other studies
that have used the SEP concept and included aspects beyond the techno-economic ones were applied
to identify criteria, factors, or indicators from previous energy planning processes and existing RE
systems. In addition, three-quarters of the studies that used the SEP concept were applied at the local
level. There are two main reasons for this. The first one is associated with the history of space and
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energy planning integration, which was mainly related to city physical-functional organization [39].
The second reason is seemingly directly related to the nature of RE sources. As those sources are
essentially distributed, the options for energy strategies are highly shaped by local contexts [59].
In other words, when expanding the level of SEP implementation, details that are only appreciable at a
local scale can be ignored, since it is possible to consider all of the conditioning factors that affect the
SEP in greater detail.

Therefore, our results indicate that the manner in which the SEP concept can be used as a tool to
carry out energy planning processes is still an open question. This knowledge gap could be addressed
from different perspectives but would make more sense through a trans- or multi-disciplinary approach.

However, based on the research performed by Mostegl et al. [68], the SEP concept, when used as
a strategic tool in energy planning processes which involve the local community, has the potential
to provide significant insights into how to prevent and avoid environmental concerns in general
and social conflict in particular, in the integration of RE into electric systems. This is aligned with
what was pointed out by Oudes and Stremke [27]. Mostegl et al. [68] even claim that when using
SEP approaches, those concerns and conflicts could be identified before the formal (or governmental)
planning process and could reveal preferences associated with the promotion of RE solutions, possible
household savings, and investment models. This could be addressed by public participation through
questionnaires and choice experiments, which would include projecting tailor-made visualizations of
RE technologies into the local landscape. Nevertheless, according to Thygesen and Agarwal [65], for an
effective incorporation of these and other aspects and practices which could give multi-dimensional
benefits, governments need to establish mandatory regulations.

A total of 24 criteria, factors, and indicators associated with aspects beyond the techno-economic
ones were identified. Ten of these criteria, factors, and indicators are measurable and the rest could be
assigned a measuring unit. In addition, they could be regrouped or re-classified into other aspects,
such as socio-environmental, socio-economic, and cultural aspects, among others. The aspects identified
and their respective criteria, factors, and indicators provide a benchmark to consider for future work in
both the field of research and the current planning practices implemented by different policymakers
and stakeholders. Therefore, on one hand, we suggest performing trans- and multi-disciplinary
research in order to address gaps in the knowledge. On the other hand, due to the fact that most
countries are using techno-economic approaches in their energy planning processes [16], we suggest
that planners, governments, and investors incorporate aspects beyond techno-economic ones in their
energy planning processes.

Furthermore, according to previous review works [9,29], the most controversial RE system in
terms of direct landscape effects is wind, followed by solar PV. In terms of environmental impacts
and effects on land use, bioenergy is the most discussed. Therefore, we suggest starting with special
attention being placed on these technologies. In this sense, the work carried out by Mostegl et al. [68]
is a concrete example of how the SEP concept, used as a strategy tool, can help to address and overcome
conflict in the integration of wind energy and solar PV technologies into electric systems, in terms of
the acceptability of RE planning in a given socio-political context. The authors of that work also claim
that concerns and conflicts can be identified before the formal (or governmental) planning process
when the SEP concept is used as a strategy tool. Furthermore, according to Frolova et al. [9] (p. 335),
“If RE projects are properly located and designed and are beneficial for local people and tourists, society will
gradually learn to love these landscapes and to adapt to their aesthetic properties.”

A limitation of this work is related to the fact that other concepts of energy planning, such as
sustainable energy planning, were not included. This was because, for example, in the literature
on sustainable energy planning, it has mainly been associated with theoretical methods, models,
and approaches in which planning and energy policies are still unintegrated with spatial planning.
Sustainable energy planning is a concept focused on long-term scenarios for future energy systems,
instead of analyses on the integration of RE technologies in the short-term. Other planning concepts
suffer from similar issues. In any case, sustainable energy planning and other concepts could have
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provided stronger support for the aspects found beyond the techno-economic ones. However, based on
the aspects and the criteria, factors, and indicators found through the SEP concept in this work,
we believe that the insights gained would very likely have been similar. In any case, due to the high
spatial dilution nature of RE sources, we argue that the SEP is an appropriate concept for addressing
the energy planning process, when additional aspects beyond the techno-economic ones are considered
and the local communities are involved in the process.

Finally, the results found in this paper could be useful for future works in the field; for example,
for those studies that may include environmental and social aspects, or that involve local communities.
It could also be useful for SEP processes that might implement governments at different levels. All of
this could help to prevent barriers in the integration of high levels of RE technologies into electric
systems. This could also serve to accelerate the energy transition.

6. Conclusions

The main objective of this work was to reveal whether the spatial energy planning (SEP) concept,
considering it as a tool to carry out energy planning processes, is helping or could help to overcome
challenges and barriers that have emerged in the integration of renewable energy (RE) technologies
worldwide at different levels. These issues are directly related to aspects beyond the techno-economic
ones, such as environmental, social, and other aspects.

Based on a systematic review of high-quality scientific literature, we concluded that, on one hand,
how the SEP concept can be used as a strategic tool for carrying out energy planning processes is still
an open question. On the other hand, the SEP concept seems to be an unexploited strategic tool with
the potential to provide significant insight into energy planning processes that could prevent barriers
to the integration of RE technologies at different scales and levels.

In other words, on one hand, more trans- and multi-disciplinary research on how to incorporate the
SEP concept into energy planning processes is needed. Additionally, on the other hand, the application
to current practices related to energy planning processes can be improved via the SEP concept as
a strategic tool that involves the local community and considers additional aspects beyond the
techno-economic ones. This is especially true because most of the tools and methods for modeling,
design, and planning the integration of RE technologies into energy systems are mainly focused on
techno-economic analyses, but also because they are theoretical approaches where planning and energy
policies are still unintegrated with spatial planning.

Due to the large increases in the integration of RE technologies into the electric system that are
being applied to address climate risks, the SEP concept as a strategic tool could help to overcome
socio-environmental, socio-economic, and socio-cultural barriers. This would be useful for planners,
governments, energy strategy policies, investors, and other societal decision-makers. Last but not least,
it would be useful for accelerating the needed sustainable energy transition.
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