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The
CAREsolar
handbook

A practical guide for supporting socially
acceptable solar photovoltaic parks



Introduction

Driven by the construction of
new large solar power plants,
recent years have seen a
boom in solar PV energy,
with global capacity tripling
between 2018 and 2023. In
2025, renewables overtook
coal as the world’s leading
source of electricity, and

this is driven by the rapid
expansion of large-scale
solar PV plants, with solar
now the cheapest energy
source ever. And by the

end of this decade, solar is
set to become the largest
renewable energy source,
surpassing both wind and
hydropower [1].

The growing number and scale of solar
projects are raising concerns about their
socio-ecological impacts and fairness.
Conflicts and injustices at deployment sites
are becoming more frequent, challenging
long-held assumptions about solar energy’s
public acceptability [2]. While social
sciences research on people's responses to
renewable energy has traditionally focused
on other technologies, there is a growing
body examining people's responses to
large-scale solar plants.

Box 1. What do we mean by “large-scale solar”?

When we talk about large-scale solar in this handbook, we mean ground-
mounted photovoltaic (PV) power plants that produce electricity at a utility scale.
These projects usually range from several megawatts (MW) to hundreds of MW
in capacity and are designed to feed electricity directly into the grid, rather than
serving a single household, building or community.

Large-scale solar is different from rooftop solar or community-scale projects, which
are typically smaller, more locally owned, and directly linked to end-users. Because
of their size, land requirements, and visibility, utility-scale solar plants often raise
unique challenges around land use, environmental impacts, and community
acceptance —issues at the heart of this handbook.



Many scholars are focusing on potential
solutions to the challenges around
community acceptance and the multiple
economic, environmental, social and
political impacts that large-scale solar
plants produce. These studies suggest
that certain socio-technical innovations
can help bridge gaps between planners,
developers and communities, with the aim
of fostering more sustainable and equitable
deployment of large-scale solar.

This handbook provides an overview of the
key innovations that are reshaping how we
think about site selection; project design;
and business models for large-scale solar
projects and how principles of energy

the CAREsolar
project

The social sciences have long studied the
social dynamics around the deployment of
large-scale renewable energy generation
and associated infrastructures, like high
voltage power lines, offering different
frameworks for understanding public
acceptance. Early explanations often

relied on the idea of NIMBY (“Not in My
Backyard™), but recent research shows
that opposition is more complex, often
resulting from top-down, technocratic
decisions that are unjust for the territories
where infrastructures are located. Concerns
about the transparency and participatory
nature of decision-making; who gains and

justice (see Box 2) can be integrated in
them. First, we address issues of spatial
planning, showing how site evaluation
and decision-making can be improved by
mobilising local knowledge in geographic
information systems (GIS). Second, we
show how principles of energy justice can
be integrated in the project design stage
of development and how stakeholders can
co-create sustainable energy landscapes.
Third, we provide an overview of the
concept and practice of “agrivoltaics”

and show how it can potentially help in
some contexts to partially overcome land-
use conflicts, particularly those between
agriculture and large-scale solar.

who loses; and broader justice-related
issues play a major role in shaping public
responses.

Despite this growing body of knowledge,

it remains difficult to translate research
insights into practical guidance for specific
projects. Much of the earlier work has also
focused on wind energy, meaning that
large-scale solar has received less attention.
The CAREsolar project set out to close

this gap. Its main goal was to create an
updated framework for understanding and
co-constructing, between communities,
developers and other stakeholders,

1 NIMBY (Not In My Backyard) is a concept used in the study of social acceptance of renewable energy technologies
to explain the perceived tension between general support for renewables, such as wind energy, and opposition

to specific local projects. It is often used to suggest that negative attitudes arise from physical proximity or from
the visible and technical features of developments, such as installation size, appearance, or location. However, this
interpretation has been widely critiqued for oversimplifying public responses and lacking strong empirical support.
Devine-Wright [93] argues that local attitudes are not simply selfish or proximity-based, but reflect a diverse set of
socially constructed meanings, values, and emotional responses, as well as concerns about fairness, participation,
and decision-making processes — emphasizing that how projects are developed can matter as much as what is

built.



community acceptance of solar plants
—one that supports socially equitable
and environmentally sustainable energy
transitions.

To achieve this, we carried out two
activities:

A systematic review of 255 scientific
publications on the social dimensions

of large-scale solar PV projects, allowing
us to develop an integrated conceptual
framework and identify best practices and
which has been published in the peer-
reviewed international academic journal
Energy Reports. [Available at https:/doi.
0org/10.1016/j.egyr.2025.108988]

A full-day workshop with leading experts
and stakeholders on solar energy, hosted
by the Swiss Research Foundation for
Electricity and Mobile Communication

at ETH Zurich on 3 February 2025. The
workshop enabled us to share early results,
refine our framework, and debate pressing
issues in the field.

Together, these activities highlighted
both the challenges and the wealth of
innovative solutions emerging across
different contexts. From agrivoltaics

and participatory landscape design to
community benefit agreements and
participatory GIS, new socio-technical
approaches are helping to bridge
divides between policymakers, planners,
developers, and communities.
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During the CAREsolar workshop participants were invited
to reflect on the relationships and processes shaping
community acceptance and energy justice in large-scale
solar deployment.

Diagram courtesy of Susanne Hanger-Kopp.






Solar PV projects are essential to Local values, identities, and ways of
decarbonization in current political life are overlooked

economies, especially if they are large-

scale. Explaining this opposition requires Recognition justice highlights how solar
more than a focus on attitudes or values of development intersects with place-

the public. It also demands attention to the based meanings, cultural identities, and
nature of the projects themselves — their marginalised groups. People’s reactions are
size, location, and the wider institutional, not only about physical impacts but also
cultural, and political contexts in which about whether their values, livelihoods and
they unfold. Integrating these dimensions, attachments to place are respected.

our systematic review of the social scientific

literature on large-scale solar showed In some areas, people want solar farms
that opposition rarely stems from simple to be farther away, especially if the land
“not in my backyard” reactions by host has high ecological value. For example,

communities. Instead, it reflects deeper research from California, USA, found
guestions about energy justice. that residents preferred greater distance

between solar projects and wildlife areas
than between solar and homes [3].

Box 2. Energy justice

Energy justice is a framework for evaluating how energy systems affect people and
communities, focusing on fairness in recognition, outcomes and processes. It is
often described through four dimensions:

@ Recognition justice: the acknowledgement and respect of the diverse
groups and communities affected by energy infrastructures, and the
associated identities, values, and knowledge systems, particularly those
of marginalized or vulnerable groups.

@ Distributive justice: the fair allocation of benefits and burdens, including
who gains from renewable projects and who bears costs such as land-use
change or environmental impacts.

@ Procedural justice: the fairness of decision-making processes,
emphasising transparency, accountability, and meaningful participation.

@ Restorative justice: the responsibility to repair harm caused by past
or present energy systems, whether through compensation or other
mechanisms that address historical inequities, such as between rural
(where most large-scale solar is deployed) and urban areas.

Practitioners often apply a set of guiding principles — such as availability,
affordability, sustainability, transparency, due process, accountability, and
responsibility — to help translate abstract justice concepts into concrete project
design and policy measures.
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But in other contexts, the opposite is true.
In Australia’s Northern Territory — home

to the world'’s largest solar farm — people
living closest to the project expressed

the strongest support and feelings of
pride, hope, and trust in the developer [4].
This shows that proximity alone doesn'’t
determine public opinion. What matters is
how people relate to the project and the
place it's in.

People also respond differently to different
sizes of solar projects. Earlier surveys
didn't always separate large-scale solar
from smaller rooftop or community-based
installations [5]. But more recent studies
show that as project size increases, public
support often decreases, especially when
the project has a big visual footprint or
causes emotional reactions tied to land
use [6]. However, the relationship isn't
black and white. Many communities
support medium-sized projects, especially
when they're built on land that isn't
environmentally sensitive [7, 8]. This
highlights the importance of recognising
local context. What makes sense in one
area might not be accepted in another.

People’s views about solar projects are

also shaped by how they feel about the
landscape and their connection to place
and this is deeply shaped by historical and
socio-cultural context. In Italy, one study
has shown how debates revolve around
heritage landscapes and rural traditions
[9,10].In the Czech Republic, another
study suggested that they echo collective
memories of forced land use [11].In Greece
and Spain, scholars describe opposition as
rooted in narratives of foreign domination
and marginalization, with solar projects
framed as a new form of “green” or “energy
colonialism”[12, 13]. In former coal regions in
the United States, by contrast, solar projects
are welcomed when they symbolically

and materially support a new local identity
beyond fossil fuels [14, 15].
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Recognition also matters for livelihoods
and social hierarchies. Large-scale projects
can exacerbate inequality by undermining
landless labour or by reinforcing patterns
of exclusion based on class, race, or
gender [16, 17]. When communities feel
that their cultural identity, knowledge
systems, or historical experiences are
ignored - or instrumentalized through
tokenistic consultation — they are more
likely to mobilize in opposition [18, 19].
Conversely, projects that align with local
values and empower marginalized groups
can generate pride and support [20].

This highlights the importance of always
conducting thorough local stakeholders’
Mmappings, that help the identification of all
the affected communities that need to be
engaged and have a voice in the decision-
making processes [21].

Decisions are made without
meaningful local involvement

Procedural justice concerns the fairness
and inclusivity of decision-making
processes. At the planning and permitting
stage, decisions about the location of
large-scale solar projects are usually
based on technical and environmental
factors, such as how much sunlight a
place receives or how close it is to the
electricity grid. However, another crucial
aspect is how planning authorities assess
the social and environmental impacts of
these projects. This process can look very
different depending on the political and
cultural context, as highlighted above. In
the United Kingdom, for instance, where
there was considerable controversy about
the development of wind energy projects
in rural areas through the 2010s, planning
regulations under the Conservative
government restricted solar development
on “prime agricultural land" [22, 23].



Government agencies — especially
environmental authorities — often have the
final say on whether a project is approved.
Public participation is another important
part of this process, and it can significantly
influence the outcome. But in practice,
these systems often give more power to
developers and technical experts than

to local communities [24, 25]. Developers
sometimes even avoid engaging with the
public, fearing that it might lead to delays
or opposition [26].

This can produce a sense of exclusion
and further entrench socio-economic
hierarchies. In many cases, political
decisions that were made without local
input have led to widespread public
backlash against renewable energy
projects [27, 28]. Conflicts also emerge
when communities perceive consultation
as superficial or manipulative. Terms

like “consent” and “participation” can be

used rhetorically to legitimize projects
rather than to share decision-making
power [18]. Elsewhere, developers respond
to resistance with corporate social
responsibility initiatives or minor design
tweaks that deflect attention from deeper
issues of accountability [29]. These practices
may calm immediate dissent but rarely
address the roots of conflict.

Too often, public participation is treated as
a box-ticking exercise — either as a way to
speed up approval or to prevent opposition.
But genuine participation must go beyond
simply sharing information. It means giving
communities a real voice in decisions
about where projects are located, how
projects are designed, and who benefits
from them and how. Instead of treating
local engagement as an obstacle, decision-
makers and developers should view it as a
central part of building successful and fair
energy systems [30].

Box 3. Tensions between energy justice and community acceptance

The CAREsolar workshop opened with a critical discussion on the relationship
between energy justice and social acceptance. These concepts can sometimes
pull in different directions — in ethics, goals, and theories of change — not only in
project development, but also in research and policymaking.

One group reflected on these tensions by comparing experiences from
Switzerland and Portugal. “We live in different worlds. If you implemented such a
project [in Switzerland] the way it's done in Portugal, there would be a national
outcry. The way things are done in Portugal feels like the Wild West".

Others questioned whether the concepts themselves were adequate: “Energy
Jjustice is part of the community acceptance equation, but the concepts aren’t
robust enough to capture the broader complexities.”

These reflections underscored one of the workshop's central insights: institutional
dynamics — how projects are governed, planned, and regulated — are crucial

in shaping both community acceptance and justice outcomes. Recognising
these tensions is therefore essential for designing fairer and more durable solar

transitions.




Trust in political institutions further
shapes acceptance. In Portugal, for
instance, systemic energy poverty and

low institutional trust are increasingly
feeding scepticism about the energy
transition, whereas in the United States
partisan political divides influence views of
renewable energy and rural communities
often frame large-scale solar plants as the
imposition of an urban elite [31, 32]. Where
planning frameworks lack transparency

or fail to balance national goals with

local concerns, opposition can escalate,
undermining trust not only in developers
but in climate policy more broadly [33].

A key policy challenge is therefore to
design planning systems that are more
transparent and better able to balance local
concerns with national or global energy
goals and ecological limits.

Benefits and burdens are unevenly
shared

The distributive dimension of justice
concerns how the benefits and burdens

of solar development are shared. A major
factor in responses to renewable energy is
how people understand these benefits and
burdens. Support tends to increase when
people see clear local benefits like jobs, tax
revenues, or lower electricity bills [34].

But when people worry about risks — such
as health impacts, loss of farmland, or
damage to tourism — opposition tends to
grow.

One of the main issues is that solar
projects require vast areas of land, often
leading to competition with farming,
ecological systems and biodiversity
conservation, or other local uses [37].

In some contexts, land is leased from
private owners, generating new income
streams, but this can fuel tensions with
neighbours who see little benefit. Also,
increasingly governments acquire land
from rural or Indigenous communities

13

through top-down authoritarian processes
that disrupt collective tenure systems

[40, 41]. These practices frequently spark
conflict, especially when compensation is
inadequate or absent [42].

Economic impacts not only relate to land.
Panel cleaning can strain water resources
in arid regions, while landscape conversion
may affect agriculture, tourism, or property
values [43]. Although large-scale solar can
create jobs or generate local revenues,
these are often minimal and not long-term,
with negative impacts often more visible
and benefits unevenly distributed. Scholars
describe this as a process of enclosure,
where resources such as land or water are
captured by powerful interests while local
communities bear the costs [44].

At the same time, financial policies and
market mechanisms have also played

a major role in shaping the growth of
large-scale solar and the distributive
outcomes. To encourage investment, many
governments have used tools like subsidies,
feed-in tariffs (which guarantee a fixed
price for solar electricity), tax credits, and
public auctions [45, 46, 47]. These policies
have helped make solar energy cheaper
and more competitive and help developers
reduce risk and plan projects with greater
confidence [48, 49].

These institutional drivers often channel
opportunities toward large corporate actors
rather than initiatives that are community-
led or that provide the community with
direct economic benefits. This leaves
residents near solar farms with little chance
to participate directly in, or benefit from,
the projects in their community. When
people perceive that energy infrastructures
are imposed for the benefit of others — for
distant cities, industries, or investors —
distributive injustice becomes a driver of
opposition [31, 51, 35, 29].



General strategies for supporting just and acceptable solar projects

Solar projects are more likely to gain acceptance when they are designed and implemented
with fairness, transparency, and local benefit in mind. Four strategies are particularly
important:

1. Strengthen engagement

Engage early, often, and face-to-face.
Move beyond minimum requirements
by offering site visits, visualisations,
open discussions, and ongoing
opportunities for residents to influence
project location, design and operation.
Such approaches not only reduce
misinformation but also signal that
residents have a meaningful role.

3. Communicate trade-offs
clearly

Be transparent about both the

benefits and the burdens of solar
projects. Explain design choices, land
use implications, and potential visual
impacts in plain language. People often
want to know the relationships between
cause and effect. Especially when it
comes to often ignored infrastructural
elements of a large-scale solar project,
such as power lines. Inviting residents
fromn commmunities with existing solar
projects to share their experiences

can help ground these discussions

in real-world outcomes. A study by
Bessette et al (2024) showed how this
strategy successively communicated

to opponents “the opportunity costs of
decisions that in the short-term may be
seen as victories for residents but later
may generate regret” [26]. They give the
example of increasing setback distances
that ultimately resulted in land that was
neither being farmed nor generating
electricity. In sum, by addressing both
benefits and burdens, developers can
foster informed dialogue, build trust
and reduce the spread of rumours or
misconceptions.
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2. Work with trusted
intermediaries

Partner with respected local individuals
or organisations who can act as liaisons
between developers, officials, and
residents. These intermediaries help
build trust, translate concerns, and
ensure community voices are heard.
Importantly, these roles are most
effective when initiated by or closely
aligned with community members,
ensuring that the process enhances
equity rather than reproducing top-
down control.

4. Deliver meaningful local
benefits

Ensure host communities see direct,
lasting advantages. This may include
jobs, contracts for local businesses,
community subscriptions, or benefit
agreements that provide tangible
financial and social returns. It is
important that these benefits are not
viewed as temporary or as “bribes”.
Payments to landowners or even local
authorities run the risk of not generating
actual benefits for local people. Local
economic benefits must be both
meaningful and institutionalised.

By following these strategies, projects
can move beyond simple “acceptance”
toward building relationships of trust
and delivering genuine value to the
communities that host them.




Socio-technical innovations for
addressing solar energy injustices

In addition to these general strategies, our
review revealed that there is a significant
stream of literature focusing on analysing
or proposing specific innovative solutions
to improve community acceptance,
energy justice and the multiple economic,
environmental, social and political impacts
that large-scale solar plants produce.
These studies suggest that innovative
solutions can help bridge gaps between
planning authorities, developers and
communities, with the aim of fostering
more sustainable and equitable
deployment of solar plants.

There are three areas where various
initiatives are proposed and analysed. First,
there are those which address issues of
site selection, aiming to improve mapping,
site evaluation and decision-making by
using geographic information systems
(GIS) which mobilises local knowledge and
values. Second, there are several studies
that examine innovative ways to involve
residents in project design. Third, there

is a growing literature on the concept of
“agrivoltaics” as a solution for tensions
between agriculture and large-scale solar.
However, each of these solutions have
their own challenges and limitations, and
it is important that initiatives to include
communities in spatial planning and
development have mechanisms in place to
ensure that they do what they promise to
do.







chapter 2
Integrating energy justice into
site selection



Identifying suitable land for renewable irradiation, slope, grid proximity, and land
energy development is one of the central use to identify technically and economically
challenges of the energy transition. suitable locations for large-scale renewable
Site selection must balance technical energy projects. More recent approaches
feasibility and economic efficiency with have expanded these criteria to include
the protection of ecological systems and ecological and cultural information, such as
the well-being of local communities. In habitats, protected areas, and proximity to
practice, conventional siting approaches cultural heritage sites [52, 53, 54].
tend to prioritise areas with high
development potential, which often leads Despite these advances, GIS-MCDA tools
to projects being located on land that have done little to prevent siting conflicts.
conflicts with local interests, ecological One reason is that they tend to overlook
systems, or existing land uses. fine-grained, locally specific social factors
that are difficult to quantify, dynamic over
To manage this complexity, developers and time, and embedded in lived experience.
planning authorities increasingly rely on These social dimensions not only shape
geographic information systems combined community responses to renewable
with multi-criteria decision analysis energy projects but also influence how
frameworks (see Box 4). GIS-MCDA tools environmental and economic trade-offs are
integrate spatial datasets such as solar perceived and negotiated.

Box 4. Geographic Information Systems and Multi-Criteria Decision Analysis

Geographic Information Systems (GIS) are powerful tools for mapping and
visualizing spatial data, such as land use, terrain, and environmental constraints.
However, maps alone do not determine which sites are best suited for renewable
energy projects. This is where Multi-Criteria Decision Analysis (MCDA) comes in.

MCDA provides a structured way to compare and weigh different—often
competing—factors that influence site suitability, such as sunlight exposure,
proximity to infrastructure, land cost, biodiversity, and social acceptance. It
translates complex information into an organized framework that helps decision-
makers evaluate trade-offs transparently.

Because the process relies on assigning relative importance (or “weights”)

to each criterion, MCDA combines both quantitative data and qualitative
judgments from experts, planners, and sometimes community members.
There is rarely a single “correct” answer; instead, MCDA helps identify a range of
reasonable options that best fit local priorities and values.

In renewable energy planning, GIS and MCDA are often used together to
visualize these trade-offs in maps that highlight more or less suitable areas.
When designhed well, GIS-MCDA tools can make planning more transparent
and participatory, supporting decisions that balance technical feasibility,
environmental protection, and community concerns.
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Attempts to address this gap have led
many studies to incorporate variables

such as population density, distance from
settlements, or generalised attitudes
toward renewables. However, such
approaches risk reproducing historical
inequalities if they are not grounded in
justice principles. As Sward and colleagues
[55] warn, areas characterised by lower
income, weaker institutions, or limited
political capital may appear more suitable
simply because opposition is less organised
or land is cheaper. In these cases, social
data function as proxies for vulnerability
rather than indicators of acceptability [55].

An energy justice perspective helps to
make these limitations visible. It highlights
that siting practices are never neutral and
often rest on implicit assumptions about
whose interests matter, what counts as
relevant knowledge, and how fairness is
understood. Integrating justice into site
selection therefore requires more than
adding new variables to spatial models. It
requires rethinking how spatial planning
tools are designed, used, and governed.
This chapter explores how recognition,
procedural and distributive justice can
guide more inclusive and legitimate
approaches to renewable energy siting.

Recognising socially meaningful
places in site selection

In the context of renewable energy
planning, the concept of recognition
justice highlights that injustices often
stem not only from unequal distributions
of benefits and burdens, but from the
systematic misrecognition, stereotyping,
or exclusion of particular social groups
—such as rural residents, Indigenous
communities, or land-based professions
whose relationships with place differ
from those assumed in technocratic
planning models. Misrecognition can take
many forms: framing local opposition

as irrational “NIMBYism”, discounting
cultural or affective attachments to land,
or privileging expert or market logics over
lived experience and cultural meaning.

GIS-MCDA frameworks are particularly
prone to recognition deficits because
spatial data are inherently reductive.
Landscapes are represented through
abstract variables such as slope, irradiation,
or land use, while cultural meanings,
symbolic places, and lived attachments and
practices remain invisible. Communities
whose values cannot easily be translated
into quantitative indicators risk being
marginalised from spatial decision-making
processes.

Integrating recognition justice into site
selection therefore requires expanding
both the data inputs and the epistemic
assumptions of GIS-based methods. One
entry point is participatory and qualitative
GIS, which allows communities to map
places of cultural significance, heritage
viewsheds, or areas central to local identity.
Another is pluralising knowledge sources
by combining expert datasets with
community-generated or ethnographic
information. In recognition-oriented
approaches, local knowledge shapes not
only validation but the structure of criteria,
thresholds, and priorities within the model.
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Recognition justice also involves reflexivity.
How siting problems are framed — whether
in terms of cost efficiency, environmental
impacts, or social acceptance — determines
whose knowledge is prioritised and
legitimised. From this perspective GIS-
MCDA can be treated as a device for
mediating between different epistemic
communities. This reframing shifts the
emphasis from identifying “optimal sites”
to co-producing siting rationales that are
socially intelligible and contestable.

Without recognition, participatory
processes risk becoming tokenistic and
distributive analyses risk perpetuating
inequities by misrepresenting who matters
and what matters to affected groups. When
recognition is integrated, spatial planning
can avoid technically suitable but socially
disruptive sites and produce outcomes
that better align with lived experience and
symbolic geographies of energy transitions.

1.

Who are the recipients of
spatial distibutive justice? 2.

Addressing the spatial distribution of
costs and benefits

Distributive justice in renewable energy
siting concerns how the benefits and
burdens of development are distributed
across space, between people,
communities, and regions. In the context of
GIS-MCDA, it asks not only where projects
can be built, but where they should be
built. This spatial perspective emphasises
that siting choices are not simply technical
optimisations but moral and political
decisions that shape who gains and who
bears the costs of large-scale solar.

Spatial distributive justice thus reframes
GIS-MCDA as a normative rather than
merely descriptive exercise: one that makes
explicit whose interests are represented,
which impacts are valued, and according
to what principles benefits and burdens
are allocated. Lehmann and colleagues [56]
state that a distributive justice-oriented
approach to spatial planning for large-scale
renewable energy technologies requires
asking three sets of questions:

What are the spatial entities
between which local benefits and
burdens of RES infrastrictures

are distributed (individuals vs.
territorial communities)?

What is the spatial scale at which
spatial entities are compared
(local vs. regional vs. national vs.
supra-national)?

Which local benefits

and burdens are to be
distributed in space?

Whis RES infrastructures are
considered?

Which types of local benefits
and burdens of siting RES
infrastructures are considered?

Which metric is used to measure
and aggregate local benefits
and burdens (direct measures

or proxies like installed capacity,
land areas orccupied)?

3.

Whatis the principle of
spatial distributive justice?

Which principle of distributive
justice is applied?

Which operationalization is
chosen for the principle of
distributive justice?




Thus, integrating spatial distributive justice
into GIS-MCDA frameworks requires
clarifying who counts as a recipient of
justice, what benefits and burdens are
being distributed, and according to which
principles distributive fairness is defined.

Recipients may be understood as
individuals — residents directly affected
by visual impacts or loss of income - or
as collective territorial entities such

as municipalities or regions that gain
revenues or infrastructure. Analyses
focusing on individuals reveal detailed
inequalities but require granular data
rarely available at national scales, while
assessments between territorial units
better align with governance and data
structures but risk concealing internal
disparities.

Scale further complicates matters: local
studies highlight concentrated project-
level injustices, whereas national or
supranational assessments capture
broader regional patterns but may obscure
localised harm. Multi-scalar approaches are
therefore needed to situate local effects
within wider spatial distributions of costs
and benefits.

Renewable energy deployment can
produce both benefits — such as
employment, local socio-economic, tax
income, and improved infrastructure —and
burdens, including ecological disturbance,
land-use change, and aesthetic or cultural
loss. These accrue differently depending

on ownership models, fiscal regimes, and
local governance capacities. Determining
the analytical scope is crucial: focusing on a
single technology simplifies modelling but
may miss cumulative effects across energy
systems, while whole systems approaches
provide a fuller view at the cost of greater
data demands.

Measuring distributive outcomes also
presents challenges. Although direct
indicators like tax flows or job creation
would best represent impacts, they are
seldom available consistently across
regions. Consequently, studies often rely

on proxies such as installed capacity or
occupied area, which enable mapping but
risk oversimplifying social realities. Similarly,
assigning weights and monetising
gualitative criteria and non-market impacts
like ecological, landscape or heritage loss
can raise community concerns about

what is being sacrificed in reductive
technical analyses. This points towards

how distributive justice assessments need
to be integrated with considerations of
procedural and recognition justice.

Three normative principles guide ideas

of fair spatial distribution. A basic-

needs approach emphasises minimum
protection, ensuring no community bears
undue burdens or lacks essential benefits,
though it may constrain efficiency. Equality
seeks uniform outcomes — equal access

to benefits or exposure to harms — but

can conflict with the uneven geography

of renewable resources. Equity introduces
proportional fairness, distributing benefits
and burdens according to need, ability, or
consumption, and underpins differentiated
planning and compensation schemes.

Yet the flexibility of equity also introduces
ambiguity, as different proportionality rules
yield divergent conclusions.

Across these principles, an essential
requirement is normative transparency:
clearly articulating whose justice is being
pursued, by what criteria, and at what scale
[56].




Embedding participation in site
selection processes

In renewable energy siting, procedural
justice concerns whether affected
communities are genuinely involved

in shaping how spatial assessments

are conducted and how their results
inform policy decisions. Historically,
most GIS-MCDA tools have been expert-
driven, relying on datasets, criteria, and
weights defined by planners, engineers,
or consultants. While these tools aim to
increase objectivity and efficiency, they
often reinforce technocratic decision-
making by excluding local forms of
knowledge.

This exclusion can undermine trust and
legitimacy, particularly when communities
perceive siting decisions as imposed

from above. When residents encounter
spatial models only at the end of the
process, they have little opportunity to
guestion assumptions, challenge trade-
offs, or influence outcomes. Procedural
injustice thus arises not from the use of
modelling per se, but from how modelling
processes are insulated from democratic
engagement [57].

Participatory GIS approaches directly
address these shortcomings by embedding
participation within the analytical process
itself. Public Participation Geographic
Information Systems allow communities,
stakeholders, and decision-makers to co-
produce the data layers that inform spatial
suitability analyses. Participation becomes
a method of knowledge production rather
than a post hoc consultation exercise.
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Through workshops, participatory
mapping, and iterative scenario
development, participatory GIS transforms
GIS-MCDA into a platform for dialogue

and negotiation (see Box 4). Participants
can define criteria, explore alternative
weightings, and visualise how different
values or land-use priorities alter spatial
outcomes. This enhances transparency and
enables mutual learning, as communities
gain insight into technical constraints while
planners better understand local priorities.

Integrating procedural justice in this way
does not guarantee consensus, but it
can produce decisions that are perceived
as more legitimate and accountable.

By opening the “black box" of spatial
modelling, participatory GIS helps align
site selection with democratic principles
and supports longer-term acceptance of
renewable energy projects.




Box 5. The public participation GIS scenario approach to large-scale solar siting

Rosch and Fakharizadehshirazi [57] developed a participatory GIS—-MCDA
process to guide local decisions on large-scale solar energy siting. Their PPGIS
scenario approach integrated technical modelling with structured community
engagement, producing both spatial insights and governance benefits.

The process began with goal setting and scoping in collaboration with municipal
authorities to ensure political and institutional buy-in. A social site characterisation
identified relevant stakeholder groups — including farmers, conservationists,
administrators, and local citizens — whose knowledge and concerns would shape
subsequent analyses.

Two participatory workshops formed the backbone of the approach:

Workshop 1: Participants collectively defined, clustered, and weighted
land-use restrictions and suitability criteria, addressing issues such as soil
protection, biodiversity, and visual landscape quality. These criteria were
then formalised into GIS models and combined using the Analytic Hierarchy
Process (AHP) and sensitivity analysis to create multiple land-use scenarios.

Workshop 2: Ten representative scenarios were reviewed, debated, and
refined. Participants assessed trade-offs and feasibility, exploring how
different weighting of criteria affected outcomes.

This iterative dialogue turned the GIS model into a shared decision-support
platform, fostering learning, negotiation, and trust among participants. The
resulting maps highlighted sites with broad consensus — such as car parks,
brownfields, and transport corridors — while deprioritising areas of high ecological
or agricultural value.

Beyond spatial outputs, the project yielded institutional outcomes: the
municipality retained the PPGIS tool and datasets for future use, embedding
participatory decision-making within its planning practice.

The novelty of the approach lies in its transdisciplinary design — merging technical
precision with participatory governance. By embedding community values directly
within spatial analysis, the PPGIS scenario method bridges the gap between
scientific assessment and democratic legitimacy, offering a replicable model for
socially robust renewable energy siting.

23



Conclusion

Integrating energy justice into renewable
energy site selection requires a
fundamental shift in how spatial planning
tools are understood and used. GIS-MCDA
frameworks are powerful, but they are not
neutral. They encode assumptions about
value, knowledge, and fairness that shape
where renewable energy is developed and
how its impacts are distributed.

Procedural justice calls for opening spatial
modelling to meaningful participation and
democratic scrutiny. Distributive justice
requires transparency about who benefits
and who bears the costs, at what scale, and
according to which principles. Recognition
justice demands that territories be
understood not as empty spaces but

as ecologically, socially and culturally
meaningful places.

Together, these perspectives show that
socially just siting is not achieved by
adding more data alone. It depends

on reconfiguring site selection as a
deliberative, reflexive, and inclusive process.
When GIS-MCDA tools are embedded
within such frameworks, they can support
renewable energy deployment that is not
only efficient, but also more legitimate and
aligned with the diverse realities of energy
landscapes.




chapter3
Integrating energy justiceinto
solar landscape design



Large-scale solar power plants are
increasingly reshaping rural and peri-urban
landscapes. While solar energy is often
assumed to be visually less intrusive than
other renewable technologies, a growing
body of research shows that people
frequently object to the appearance,
scale, and spatial footprint of large solar
installations, particularly as projects
increase in size. Perceptions of landscape
change have consistently been shown to
influence local acceptance and are often
associated with claims of “NIMBYism”.
However, scholars caution that such
reactions should be analysed rather than
dismissed, as they frequently reflect
legitimate concerns about place, identity,
and fairness [58].

These concerns point to a broader
understanding of energy infrastructure

as part of an energy landscape, where
technical systems intersect with ecological
processes, social practices, and cultural
meanings. From this perspective, the
design of solar power plants is not merely
a technical optimisation exercise but a
spatial and social intervention. Several
scholars argue that landscape design has
been insufficiently integrated into solar
development, despite its potential to shape
public perceptions and outcomes [59].

Participatory approaches to landscape
design have emerged as a response to
these challenges. Drawing on landscape
architecture and environmental planning,
they seek to involve local communities
directly in shaping how solar power
plants look, function, and relate to their
surroundings. This chapter examines
how participatory landscape design can
contribute to procedural, distributive, and
recognition dimensions of energy justice.

Recognising place-based values
through participatory design

Participatory landscape design is closely
linked to recognition justice because large-
scale solar projects often affect places with
strong cultural, historical, and symbolic
significance. Social concerns frequently
revolve around place attachment, cultural
identity, and the erosion of traditional
practices [60, 61, 62, 13].

Co-design processes create opportunities
for residents to articulate what matters

to them, including emotional ties to land,
local ecological knowledge, and collective
memories shaped by previous experiences
of industrial or environmental change.

By explicitly inviting these perspectives
into the design process, participatory
approaches validate forms of knowledge
that are often marginalised in conventional
energy planning.

Recognition justice also involves navigating
tensions between local values and broader
societal concerns. Participatory design can
risk prioritising local preferences at the
expense of biodiversity goals or climate
objectives championed by conservation
groups or national planners [63]. Landscape
architects can play an important mediating
role here by translating different forms of
knowledge into shared spatial visions, yet
they are often excluded from renewable
energy planning processes.

More broadly, participatory landscape
design reflects a shift away from framing
local resistance as irrational or obstructive.
Instead, it recognises community responses
as grounded in legitimate concerns

about identity, history, and spatial justice.
This recognition is essential for building
trust and social legitimacy, particularly in
contexts shaped by long-standing territorial
resentment and historical inequalities [64,
51, 27].
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Embedding communities in solar
landscape design processes

Procedural justice has been a persistent

challenge in large-scale solar development.

Project design is typically driven by
techno-economic considerations, such as
maximising energy output, minimising
costs, and meeting grid connection
requirements. Local communities usually
enter the process late, often through
minimal statutory consultation linked to
environmental impact assessments, when
key design decisions have already been
made.

This pattern of exclusion is widely
documented. Planning systems frequently
privilege technical and expert knowledge
over local perspectives, producing what
has been described as a “scientific-
bureaucratic” model of energy governance
[65, 16]. Exclusion is particularly visible in
rural contexts, where communities often
experience long-standing political and
economic marginalisation, intensifying
distrust toward developers and planning
authorities [31]. Procedural injustice

may also arise in subtler forms, such as

unresolved stakeholder conflicts or limited
engagement that gives the appearance of
participation without meaningful influence
[66].

Accountability further complicates
participation. Large-scale solar projects
often involve multiple actors, including
developers, utilities, and financial asset
managers, making it unclear who is
responsible for ensuring meaningful
community involvement or sustained
engagement over time [16, 67].

Participatory landscape design offers a way
to intervene earlier and more substantively
in these processes. Rather than engaging
communities only after siting and layout
decisions are fixed, co-design approaches
invite residents to participate in shaping
project layouts, identifying sensitive

views, proposing mitigation measures,
and discussing how solar infrastructure
can be integrated into existing land uses.
This aligns with insights from landscape
architecture, which emphasise the design
phase as a critical moment of transition
where social, ecological, and technical
concerns can be explored together [68].

Box 6. Using a full-scale prototype to enhance participatory solar landscape design

Enserink and colleagues [69] developed an innovative participatory design approach by
creating a full-scale prototype of a solar power plant. Rather than relying solely on maps or
simulations, this life-sized installation allowed local stakeholders to physically experience
what a solar project would look and feel like in their landscape.

The process began by co-designing the prototype with community members. Once built,
it allowed participants to directly see the scale, visual impact, and spatial footprint of the

planned solar installation.

This hands-on approach fostered deeper understanding. It broke down status-quo bias
by letting residents experience the project’s potential impacts firsthand, leading to
more informed dialogue. It also built trust, as stakeholders felt their input on layout and
mitigation measures was grounded in a shared tangible reference.

The result was not just more informed local feedback, but also greater acceptance, as
residents saw their concerns addressed through the prototype experience. This case
demonstrates that full-scale prototyping can be a powerful tool in participatory landscape
design, bridging the gap between abstract planning and lived experience.




Research shows that early participation
can positively influence acceptance

by increasing perceptions of fairness

and enabling residents to experience

a sense of agency over changes to

their environment. Co-design can also
improve design quality by incorporating
local knowledge that might otherwise

be overlooked, such as informal paths,
habitat corridors, or agricultural practices.
Visual and experiential tools, including
three-dimensional visualisations and full-
scale prototypes, can help participants
understand complex design proposals and
reduce resistance linked to status quo bias
(see Box ©).

At the same time, participatory design

is not a silver bullet. Its benefits can be
undone by decisions taken at other stages
of project development, and developers
often lack incentives to invest in lengthy
and uncertain participatory processes.
Policy innovations can help address these
challenges by strengthening assessment
criteria to include qualitative societal goals,
incentivising participatory approaches, and
designing engagement processes that
allow discussion of both local and broader
societal concerns.

Shaping the distribution of impacts
through landscape design

Participatory landscape design is not
primarily a mechanism for distributive
justice, but it can influence how the
benefits and burdens of solar development
are experienced. Design choices affect
who bears visual, ecological, and social
impacts, and who benefits from improved
landscape quality, ecosystem preservation
or restoration, or local amenities.

Through co-design, communities can
influence layouts, buffers, and mitigation
measures that reduce aesthetic and
ecological burdens on specific groups

or places. Participatory processes can
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also support the development of multi-
functional solar landscapes that combine
energy production with biodiversity
enhancement, recreation, or continued
agricultural use. Such approaches help
avoid critical trade-offs between renewable
energy provision and other ecosystem
critical functions, which is a key condition
for sustainable energy landscapes [70].

Participatory design can also play a role in
addressing past distributive injustices. In
one documented case, a developer used
co-design to respond to a community's
earlier experience of nuisance from

a landfill [63]. By accommodating
community demands in the solar

project design, the developer sought to
rebuild trust and ensure cooperation,
illustrating how procedural, distributive,
and recognition dimensions of justice are
closely intertwined.

Nevertheless, participatory design cannot
compensate for structural inequalities
related to land ownership, planning
regimes, or financial incentives. These
require broader policy and institutional
reforms. Design processes can, however,
contribute to reducing perceived inequities
at the project level and create conditions
under which broader benefit-sharing
arrangements become politically and
socially feasible.



Conclusion

Participatory landscape design offers

a meaningful pathway for addressing
justice-related challenges in solar
development. Its strongest contribution lies
in procedural justice, by enabling earlier,
more inclusive, and more transparent
involvement in design decisions. At the
same time, it supports recognition justice
by valuing local knowledge, identities, and
relationships to place, and it can contribute
to distributive justice by shaping how
benefits and burdens are experienced at
the project level.

However, participatory design is most
effective when embedded across

the entire project life cycle, from site
selection through design, construction,
and operation. It should not be treated

as a stand-alone solution or a substitute
for broader institutional reform. When
aligned with transparent planning systems,
accountable governance, and equitable
benefit-sharing mechanisms, participatory
landscape design can help reconcile

solar deployment with the landscapes

it transforms, strengthening both social
acceptance and energy justice.
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chapter 4
Integrating energy justice into
solar—agriculture co-location



Large-scale solar deployment increasingly
intersects with contested land uses,
particularly agriculture. Conflicts over land,
landscape change, and perceived injustice
have emerged as major barriers to social
acceptance. In response, growing attention
has turned to strategies that enable the
co-location of solar energy generation
with other land uses, rather than replacing
them. Among these, agrivoltaics has
gained prominence as a potential solution
to land-use conflict and social opposition.

Agrivoltaic systems combine solar
photovoltaic installations with agricultural
production. Research suggests that such
systems can improve land-use efficiency
while simultaneously addressing energy
and food production goals [71, 72].In
environmental terms, agrivoltaics has been
shown to reduce heat stress on crops,
conserve soil moisture, and limit water
evaporation, particularly in arid regions,
sometimes maintaining or even increasing
yields [73].

Beyond technical performance,
agrivoltaics is increasingly framed as a
socially innovative approach. By enabling
dual land use, it is often presented as

a way to diminish land-use conflicts,
diversify agricultural income, and create
opportunities for shared benefits between
energy developers and rural communities
[74, 75, 76].Several studies suggest that
agrivoltaics can reduce local opposition

to solar development, particularly where
farmers benefit economically and
agricultural traditions are preserved [77,
78]. Nature conservation groups have also
identified agrivoltaics as a potential means
of balancing renewable energy goals with
biodiversity concerns [79].

However, empirical evidence also suggests
that agrivoltaics should not be seen as a
cure-all. Communities continue to express
concerns about visual impacts, wildlife
disturbance, and fairness, even when

they value agrivoltaics’ multifunctionality
[80]. Environmental benefits alone do

not guarantee acceptance, particularly

in regions shaped by legacies of land
financialization or extractive development
[81]. As with conventional solar projects, the
legitimacy of agrivoltaics depends on how
projects are governed, how decisions are
made, and how benefits are distributed.
While agrivoltaics hold promise as a justice-
oriented land-use strategy, this promise
can only be realised if justice principles

are embedded in design, governance, and
policy frameworks from the outset [82, 83].

Recognising agricultural livelihoods
and land-based identities

Agrivoltaics brings recognition justice
to the forefront by directly affecting
agricultural livelihoods, land-based
identities, and the cultural meanings
attached to rural landscapes.

In contexts where solar development is
perceived to threaten farming traditions or
local economies, agrivoltaics can serve as a
form of recognition by affirming agriculture
as a legitimate and valued land use. This
recognition is central to agrivoltaics’ appeal
as a strategy for resolving land-use conflict
and preserving local identities.

However, recognition justice is deeply
shaped by land ownership and control.

In some countries, agrivoltaics projects

are implemented by entities other than

the farmers who own or work the land.

In Japan, for example, a majority of
agrivoltaics installations are managed by
third parties, raising concerns that projects
may proceed without proper recognition of
agricultural landholders’ rights [94].

Technical design decisions can further
undermine recognition. Panels may be
installed too low for farm machinery,
spaced too narrowly, or positioned in ways
that limit crop growth, forcing changes

in cultivation practices or crop types. In
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some cases, less labour-intensive crops are agricultural standards. Collaboration
introduced, agricultural quality declines, or between developers and farmers,
farming ceases entirely. These dynamics supported by appropriate policy
highlight tensions between farmers’ safeguards, can help ensure that

property rights and agriculture as a public agrivoltaics respects local knowledge,
good. cultural practices, and long-term
agricultural viability. Renewable Energy
Recognition justice therefore requires Communities (see Box 7) may also play a
clear regulatory frameworks that define role by enabling collective negotiation and
landholder rights, lease terms, and strengthening farmers’ bargaining power.

Box 7. Community Renewable Energy

Community renewable energy refers to a broad set of initiatives in which citizens, local
organisations, or municipalities play an active role in the ownership, governance, or benefit-
sharing of renewable energy projects. Rather than being driven solely by commercial
developers, these projects aim to deliver local social, economic, and environmental value,
such as community reinvestment, energy affordability, local control, or strengthened
democratic participation [87, 88].

In recent years, new legal and institutional models have emerged to support collective
participation in renewable energy. One prominent example is the European Union’s
introduction of the concept of Renewable Energy Communities (RECs), legal entities
that enable citizens, local authorities, and small enterprises to jointly participate in the
production, consumption, and management of renewable energy.

RECs can take organisational forms such as cooperatives, associations, or municipal-
community partnerships. Their activities may include owning or co-owning renewable
energy installations, facilitating local energy sharing, engaging in project development,
or reinvesting revenues into community services, energy poverty alleviation, or further
renewable projects.

While most documented RECs operate small to medium-scale projects, there is growing
evidence of hybrid ownership and partnership models in larger solar developments [89].
In several European contexts, cooperatives or municipal energy companies have taken
minority ownership stakes in ground-mounted solar parks, allowing local members to
participate financially and institutionally in projects developed with private firms [90, 87].
Although these arrangements do not always meet the formal definition of RECs, they
illustrate how community-based entities can act as collective intermediaries between
developers, farmers, and local authorities [91, 92].

In the context of agrivoltaics, such models suggest a potential role for RECs in negotiating

lease conditions, supporting farmer participation in governance, and anchoring a share of
project benefits locally, even where projects remain partly privately owned [86, 94, 82].
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Embedding farmers and communities
in agrivoltaics decision-making

Despite its agricultural context, agrivoltaics
projects are typically developed through
governance structures like those used for
large-scale solar projects. These structures
tend to prioritise developers, investors,
landowners, and public authorities,

while excluding farmers, residents, and
local communities from meaningful
participation.

Research emphasises that agrivoltaics
requires deep engagement with
agricultural knowledge. Decisions

about panel height, spacing, shading
patterns, crop selection, and machinery
access have long-term implications for
agricultural viability. When farmers are
excluded from design processes, systems
may prioritise electricity production

at the expense of farming, leading to
deteriorating soil quality, reduced yields, or
the abandonment of agricultural activity
altogether.

Meaningful procedural justice in
agrivoltaics therefore requires early and
sustained involvement of farmers and
local communities throughout the project
life cycle. Farmer co-design has been
identified as essential for understanding
local crop varieties, historical yields, and
land management practices [84]. Inclusive
decision-making can also help anticipate
long-term agricultural system change
rather than treating farming as a secondary
or temporary land use.

Despite these insights, exclusion remains
common. Residents and farmers often bear
negative impacts such as visual change or
altered land use, while decision-making
power remains concentrated among
agricultural organisations, investors, and
local authorities. This exclusion, combined
with cultural concerns and uncontrolled
landscape transformation, continues

to drive opposition and perceptions of
injustice [83].
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Designing agrivoltaics to share
benefits more equitably

Agrivoltaics can offer new revenue streams
for farmers, improve income stability, and
create opportunities for profit-sharing and
co-benefits within agricultural regions. At
the same time, there is a risk that these
benefits can be unevenly distributed.
Large landholders and farmers are often
best positioned to participate in agrivoltaics
projects. Smaller farmers, tenants, and
landless agricultural workers may be
excluded, while differences in investment
capacity can exacerbate existing
inequalities within rural commmunities.
Leasing arrangements may also reduce
farmers’ control over their land, particularly
where developers retain operational
authority over panel infrastructure [38].

To address these risks, distributive justice
approaches to agrivoltaics emphasise
structured benefit-sharing. Suggested
mechanisms include compensation for
neighbouring agricultural properties,
local benefits for host municipalities,

and regional benefits for the broader
agricultural area hosting projects [82].
Community benefit schemes, diversified
ownership models, and Renewable Energy
Communities have been identified as
potential vehicles for more equitable
distribution of economic gains.

Distributive justice also extends beyond
financial considerations. Visual impacts,
ecological disturbance, and changes to
landscape character may impose burdens
on residents who receive no direct benefits.
Designing agrivoltaics as multifunctional
landscapes that preserve ecosystems and
local amenities can help mitigate these
burdens, but only if such goals are explicitly
prioritised.



Conclusion

Agrivoltaics holds significant promise

as a strategy for integrating renewable
energy into agricultural landscapes while
addressing land-use conflict and social
acceptance. When guided by energy
justice principles, it can support inclusive
decision-making, fairer distribution of
benefits, and meaningful recognition of
agricultural identities and land rights.

However, agrivoltaics is not inherently
just. Without participatory governance,
equitable benefit-sharing, and robust
regulatory frameworks, it risks reinforcing
existing inequalities and reproducing
the procedural and distributive injustices

observed in large-scale solar development

more broadly [85]. Given the conceptual
ambiguity and novelty of agrivoltaics,
embedding justice principles into policy
and legal frameworks is particularly
important to build trust and reduce
uncertainty [95].

Ultimately, justice-driven agrivoltaics
requires moving beyond technocratic
regulation toward approaches that treat
farmers and local communities as active
partners in the energy transition. When
implemented in this way, agrivoltaics
can contribute not only to renewable
energy targets but also to the creation of
energy landscapes that are more socially
legitimate, environmentally resilient, and
economically fair.
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chapter5
Pathways toward fairer and

more socially acceptable
solar development



This handbook set out to understand why
large-scale solar projects often encounter
social opposition and how the concept

of energy justice can help explain and
respond to these challenges. Drawing

on a systematic review of social science
research, it has shown that opposition

is rarely a simple rejection of renewable
energy. Instead, it reflects deeper
concerns about how solar development
is planned, whose values and livelihoods
are acknowledged, and how benefits and
burdens are distributed across space and
society.

Across the preceding chapters, three
cross-cutting insights have emerged. First,
conflicts around solar energy are often
shaped early, particularly through site
selection and spatial planning processes

(Chapter 2). Second, project design matters:

how solar installations are integrated

into landscapes and with existing land-
uses strongly influences perceptions

of fairness and legitimacy (Chapter 3).
Third, technological innovations such as
combining solar PV plants with agriculture
are by themselves insufficient. To achieve
fair and acceptable outcomes novel socio-
technical arrangements require sustained
participation throughout the project

life cycle and a detailed analysis of the
socio-economic impacts on stakeholders
(Chapter 4).

Building on these insights, this concluding
chapter introduces pathways that recur
across the literature but which we have
not yet explicitly addressed: repurposing
brownfield land, shifting toward medium-
scale solar projects, and expanding

public or municipal ownership of solar
infrastructure. It then brings these
pathways together through the concept of
community renewable energy as a means
of integrating energy justice across site
selection, design, co-location, and long-
term governance.

Repurposing brownfield land

One prominent pathway to more just,
sustainable, and acceptable solar power
plants is the use of previously disturbed
or developed land, such as abandoned
mining sites, industrial areas, and
degraded landscapes. Brownfield sites
are often attractive from an industry
perspective because they can offer
existing infrastructure, road access, and
reduced pressure on undeveloped land.
They are also frequently presented as a
way to reduce conflicts associated with
agricultural land, conservation areas, or
culturally valued landscapes.

However, research cautions against
treating brownfield sites as socially neutral.
These landscapes often reflect histories of
extraction, environmental harm, and socio-
economic marginalisation. Repurposing
projects can reproduce or intensify injustice
if they are used to sidestep rehabilitation
responsibilities or ignore the lasting

social, political, and ecological impacts of
previous industrial activity [96, 97]. In justice
terms, the key risk is that a site becomes
“available” in spatial models precisely
because it has already been sacrificed.

Seen through the lens of Chapter 2,
brownfield repurposing raises questions of
recognition justice. If justice-oriented siting
requires making socially meaningful places
visible, then it must also take seriously the
meanings attached to damaged places.
This implies approaches that integrate
historical legacies and local knowledge into
site selection processes, rather than relying
solely on indicators of disturbance or land
value.

Hybrid approaches that repurpose fossil
fuel sites while engaging local labour

and identity illustrate both the promise
and limits of this pathway. Egler and
Barbieri [98] describe such “hybrid energy
initiatives” as potentially bridging political
and cultural divides by linking renewable
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development to place-based narratives of
equity and transition, while also warning
that justice-oriented discourse does not
guarantee just outcomes in practice. For
brownfield solar to contribute to a just
transition, its governance must be as
carefully designed as its siting.

Medium-scale solar

A second pathway concerns project scale.
Much of the literature implicitly contrasts
two dominant models: very large utility-
scale projects, and small distributed
rooftop systems. Yet scale matters for
acceptance and justice, and the middle of
this spectrum is often underexplored.

Large-scale solar power plants can deliver
rapid capacity expansion and economies
of scale, but they are also more likely to
intensify land-use conflicts. Moreover, they
often concentrate decision-making power
among developers, investors, and central
authorities.

Medium-scale solar projects offer an
alternative that aligns closely with the
innovations discussed in this handbook.
They are large enough to contribute
meaningfully to decarbonisation but small
enough to be more responsive to local
planning contexts, landscape sensitivities,
and governance arrangements.

In site selection terms, medium-scale
projects can widen the range of feasible
locations, making it easier to avoid socially
and ecologically sensitive areas identified
through justice-oriented mapping. In
design terms, smaller footprints can

make participatory landscape integration
more practical and visible, increasing the
plausibility of genuine co-design rather
than tokenistic consultation. In land-use
terms, medium-scale projects may also be
easier to combine with multifunctional and
co-location strategies, including agrivoltaics.
From a distributive standpoint, medium

scale can reduce tensions by limiting

the spatial concentration of burdens and
making benefit-sharing arrangements
more tangible at the municipal or
community level. From a procedural
standpoint, governance structures and
environmental restrictions are often less
complex, lowering barriers to meaningful
participation. This does not imply that
large-scale solar should be abandoned,
but it does suggest that diversification of
scale can be a practical justice strategy,
particularly in densely populated or
culturally sensitive landscapes. Moreover,
medium scale-solar projects fit better with
societal visions aimed at tacklin climate
change and supporting global climate
justice, such as degrowth and sufficiency
[99, 100, 101].




Public ownership

A third pathway concerns ownership

and control. As the distributive justice
discussion throughout this handbook
indicates, conflicts are rarely resolved
through siting alone. They also depend
on how pecuniary flows and decision-
making authority are organised. The
spatial distribution of benefits and
burdens depends not only on where
infrastructure is sited, but on how revenues
are redistributed through institutional
parameters such as ownership structures,
tax schemes, and market regulation [56].
This makes ownership a central justice
issue.

Public ownership is frequently identified
as one way to address justice concerns
associated with privately driven solar
development. Municipalised solar

can strengthen procedural justice by
embedding decision-making within
democratically accountable institutions,
potentially increasing transparency and
alignment with local priorities. It can
strengthen distributive justice by enabling
revenues to be reinvested locally, for
example in public services, energy poverty
alleviation, or further renewable energy
projects. It may also create stronger
institutional incentives to pursue careful
siting, landscape-sensitive design, and
sustained engagement rather than a
narrow focus on speed of delivery.

At the same time, public ownership

alone does not guarantee just outcomes.
Municipal capacity varies widely, and public
authorities may still prioritise technical

or financial objectives over inclusive
engagement. The key lesson from the
preceding chapters is that justice depends
not only on who owns a project, but

on whether governance arrangements
provide meaningful participation and clear
accountability over time.
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The literature on community and shared
ownership provides additional models that
sit between private development and fully
public ownership. Community ownership of
utility-scale PV can increase local economic
benefits and project control, including
through co-owned structures that combine
community-based entities with corporate
partners. Financial support for underserved
communities and integration with energy
efficiency initiatives are essential if solar
development is to contribute to energy
equity [102].

Community benefit agreements can
improve support when benefits meet
locally experienced needs but can
undermine trust when they are perceived
as inadequate or misaligned with local
priorities [103, 104]. Shared ownership and
participatory governance models often
increase support when people perceive
they have a genuine stake in both process
and outcomes [34, 105]. Community-based
organisations can be crucial intermediaries
but they require capacity-building
institutional support to play this role
effectively [106, 107].

Towards community-centered solar
development

The scholarly literature increasingly points
toward community renewable energy

as a framework capable of bringing

these strategies together across the
project life cycle. In the European Union,
community energy has been formalised
through the legal concept of Renewable
Energy Communities, whereas similar
practices in the United States are framed
as “community solar.” Though these
socio-technical arrangements are often
associated with decentralised rooftop
systems in urban contexts, it is also possible
that they can be developed at larger sizes
and with ground-mounted solar PV in rural
areas.



However, community renewable energy
is not a single technology or project
type. It is a governance approach that
can connect the justice interventions
discussed across the handbook. It can
strengthen justice in site selection by
mobilising local knowledge and values,
ensuring that socially meaningful places,
including historically burdened sites,
are recognised from the outset. It can
support participatory landscape design
by enabling commmunities to co-create
projects that reflect local identities,

land uses, and landscape preferences,
reducing the risk that engagement is
reduced to a procedural formality. It can
also make co-location strategies such as
agrivoltaics more viable by embedding
cross-sector cooperation between energy
and agricultural actors within a shared
governance structure.

Crucially, community renewable energy can
also address distributive justice through
the co-location of energy production and
consumption, shared ownership, profit-
sharing, and local control over revenues,
providing a means to connect solar
generation to broader social goals such as
affordability, resilience, and sufficiency. This
matters because, as discussed throughout
the handbook, social acceptance cannot
be achieved through communication

and mitigation alone. It depends on
whether communities experience solar
development as something done with
them and for them, rather than to them

[108].

Concluding reflections

Taken together, the pathways outlined in
this chapter point toward a broader shift in
how solar PV is conceived and governed.
Rather than treating social acceptance as
a hurdle to overcome, an energy justice
perspective reframes it as a question of
legitimacy, inclusion, and shared benefit.

Repurposing brownfield land, promoting
medium-scale projects, expanding public
ownership, and developing multifunctional
and agrivoltaic landscapes each offer
promising pathways to energy justice and
social acceptance. Their transformative
potential is greatest, however, when

they are embedded within community-
oriented governance structures that
enable sustained participation and
collective control over the lifetime of
these infrastructures and communities.
Community renewable energy offers a
way to connect siting, design, co-location,
ownership, and long-term governance so
that justice becomes a continuous feature
of solar development.

As solar PV continues to expand, the
challenge is not only to build more
capacity, but to do so in ways that are fair,
inclusive, and durable. Integrating energy
justice across the full project life cycle can
help solar development contribute not only
to decarbonisation targets, but to more
democratic and socially legitimate energy
systems.
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