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A B S T R A C T   

Agrivoltaics comprises solar energy generation and agricultural activities co-located to create multi-purpose 
agricultural solar energy systems. In 2021, the global agrivoltaics sector was valued at USD $3.6 billion and is 
projected to grow to USD $9.3 billion by 2031. Agrivoltaics projects have successfully attracted increasing in-
vestment and research demonstrating the technical, economic, and scientific rationale to advance agrivoltaics as 
a crucial technology to achieve net zero emissions goals. The legal framework enabling agrivoltaics development 
is at varying stages of maturity across different jurisdictions. This study provides the first socio-legal study of 
agrivoltaics development applying an energy justice framework. It comparatively analyses the mature agri-
voltaics sectors, laws, and policies in Massachusetts (United States of America) and Japan in a functional 
comparative analysis with New South Wales (Australia) applying the three principal pillars of energy justice; 
recognition, procedural, and distributive justice. This study demonstrates how energy justice can generate a 
framework for regulatory reform. Such reform can facilitate the expansion of agrivoltaics and unlock the full 
potential of co-locating of solar energy and agriculture.   

1. Introduction 

The uptake of solar energy globally has advanced rapidly driven by 
increased economic feasibility, technical advancements, social accep-
tance, and enabling policy environments. The decrease in unit costs of 
solar photovoltaic (PV) technology by 62% since 2015 [1] has increased 
solar energy penetration in global energy systems. One megawatt (MW) 
of utility-scale solar PV requires a variable average of 2 hectares (ha) of 
land [2]. Consequently, “making smart land-use decisions” [3] is 
fundamental to the ongoing success of utility-scale solar PV. Agricultural 
land provides ideal utility-scale solar PV project siting conditions 
comprising high solar energy generation potential situated near elec-
tricity transmission infrastructure. Concerns over agricultural land 
conversion for solar PV projects and the need to address land conflicts 
affirm the need for global acceleration of agrivoltaics. Agrivoltaics act as 

a synergetic catalyst combining land uses and benefits for both solar 
energy generation and agricultural outputs. 

Agrivoltaics utilise land for both solar energy generation and agri-
cultural production through co-location. Co-location minimises land use 
competition and provides increased economic and potential ecological 
benefits to regenerate and promulgate sustainable agricultural land 
stewardship and activities. Agrivoltaics development is highly variable 
in its maturity for many countries and states. Despite this, agrivoltaics is 
forecasted to be a rapidly growing sector resulting in a USD $9.3 billion 
market globally by 2031. Coupling solar energy and agricultural activ-
ities has led to increasing agrivoltaics research to mitigate climate 
change and increase technological adoption. 

Technological innovations in agrivoltaics as a dual land use offer a 
myriad of synergistic benefits [4] including, but not limited to, creating 
an additional income stream for agricultural landholders; avoiding land 
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conversion; decarbonisation of agricultural operations; reducing 
drought and flooding stress; and creating higher solar output by har-
nessing radiative cooling [5]. These advantages render agrivoltaics as an 
enabler to achieving several Sustainable Development Goals including 
Goal 7 Affordable and Clean Energy, Goal 13 Climate Action, and Goal 
15 Life on Land [6]. However, a robust regulatory structure is the 
fundamental cornerstone to harness the uptake and benefits of agri-
voltaics across agricultural communities and regions. 

In New South Wales (NSW), Australia, the Electricity Infrastructure 
Investment Act 2020 (NSW) enshrines the target of creating 12 GW 
(GW) of new renewable energy generation and 2 GW of long-duration 
storage by 2030. It seeks to reduce investment risks and foster “local 
community support for investment in new generation, storage, network, 
and related infrastructure” (s 3). The objectives of mitigating commer-
cial risks for new renewable energy generation while increasing com-
munity support and benefits can be activated by agrivoltaics regulation 
drawing on energy justice principles as explored within this study. 

Agrivoltaics regulation embedded in energy justice paired with po-
litical support can address potentially polarising views of renewable 
energy on agricultural land while creating multi-sectoral economic op-
portunities and community acceptance. For example, rural community 
economic opportunities are a well-documented outcome of agrivoltaics 
policies and regulation. These economic opportunities range from 
additional agricultural service payments for landholders operating 
agrivoltaics farms to broader rural community ownership and agri-
voltaics cooperatives [7]. Agrivoltaics projects may attract significantly 
increased development and operational costs compared to 
ground-mounted solar PV projects. The custom PV technology and 
various siting plans to accommodate and couple agricultural activities 
with solar PV infrastructure require significant planning and capital. For 
example, Mamun et al. conduct a review of agrivoltaics research 
including studies concluding a 30% increase in CAPEX costs for agri-
voltaics systems [8]. Regulatory frameworks supporting agrivoltaics 
enabled by energy justice are instrumental to reduce costs by providing 
sectoral incentivisation while achieving renewable energy goals to 
rapidly develop utility-scale renewable energy and foster community 
benefits. This study hypothesises that agrivoltaics regulation facilitated 
by energy justice in a new justice-driven agrivoltaics framework will 
activate the full range of social, economic, environmental, and com-
munity benefits to realise the enhanced capabilities of agrivoltaics. 

This study establishes the first application of energy justice to agri-
voltaics in designing a framework for regulatory reform in NSW. NSW 
hosts increasing large-scale solar energy project developments in 
Australia. Agrivoltaics projects represent cross-sectoral opportunities to 
increase solar energy development, reduce carbon emissions, and ach-
ieve enhanced agricultural outputs and benefits. Specific agrivoltaics 
development assessment processes and frameworks embedded in energy 
justice hold the potential to activate decarbonisation, increase food se-
curity, safeguard agricultural land, and recognise agricultural land-
holder stewardship. For example, agrivoltaics can increase land 
efficiency by up to 70% by combining energy and crop output while 
creating social benefits through new jobs, community income, and tax 
revenue [9]. Finally, in recognising the importance of agricultural ac-
tivities co-located with solar energy generation the interests of both 
renewable energy and agricultural sectors are acknowledged and 
maintained. The triumvirate of energy justice tenets is applied to the 
NSW agrivoltaics policy environment enhanced by a socio-legal func-
tional comparative analysis with two mature agrivoltaics jurisdictions, 
Massachusetts (USA), and Japan. This study explores the opportunity to 
transform solar energy developments into agrivoltaics projects by of-
fering a novel justice-driven agrivoltaics framework as a platform for 
regulatory reform. 

This study is structured in six parts. Following the introduction, 
Section 2.0 provides a literature review, theoretical analysis of energy 
justice and outlines the comparative functional methodology. Section 
3.0 conceptualises and probes agrivoltaics technical opportunities and 

barriers and proposes a justice-driven agrivoltaics framework applying 
energy justice principles to stimulate the full potential of agrivoltaics. 
Section 4.0 provides a brief sectoral analysis of agrivoltaics in NSW, 
Massachusetts, and Japan. Section 5.0 outlines the study results and 
discussion assessing three energy justice elements (distributive, proce-
dural, and recognition justice) and performs a comparative functional 
analysis of agrivoltaics regulation in NSW, Massachusetts, and Japan. 
Finally, Section 6.0 concludes by outlining recommendations for reform 
and creates a roadmap for future agrivoltaics research. 

2. Literature review and theory: mapping energy justice 

Energy justice draws attention to the embeddedness, equitability, 
benefits, and costs of energy technologies [10]. Energy justice theory is 
underpinned by the examination of burdens, benefits, risks, costs, and 
the distribution of energy providing a guiding framework to create and 
recognise processes and functions governing diverse sectors and societal 
actors. Energy justice studies span underlying principles, social theory, 
technical analysis, and interaction with key stakeholders. For example, 
Heffron and De Fontenelle examine the relationship between the energy 
sector and society embedded within the “new social contract” to ensure 
citizens’ rights and well-being [11]. Sovacool et al. examine solar energy 
uptake through a “whole of systems lens” across the lifespan of tech-
nologies spanning demographic inequity (between groups); spatial 
inequity (across geographic scales); interspecies inequality (between 
humans and non-humans); and temporal inequality (across future gen-
erations) [12]. Existing energy justice research examines energy infra-
structure [13], renewable energy projects, and hydrogen [14]. These 
studies primarily applying procedural and recognition justice to dissect 
common policy and legal challenges of energy transition processes 
within social groups [15]. 

Energy justice comprises both core principles and critical elements 
collectively influencing factors to achieve just energy development and 
systems. Seven broadly agreed international principles comprise energy 
justice; availability, affordability, due process, transparency and 
accountability, sustainability, intra and intergenerational equity, and 
responsibility [16]. The practical application of energy justice in laws 
and policies comprises five core elements: distributive, procedural, 
recognition, cosmopolitanism, and restorative justice [17]. Each 
element highlights different aspects of the energy justice concept, the 
distribution of benefits, consideration of rights, legal process, societal 
benefits, and enforcement of laws. 

Despite the application of energy justice principles to utility-scale PV 
projects [18], analysis of agrivoltaics combined with energy justice 
theory remains notably absent in existing research. As such, the novelty 
of this study is emphasised in focusing on comparative agrivoltaics 
policies and regulations across emerging and mature agrivoltaics juris-
dictions revealing how energy justice principles can create more sus-
tainable energy planning and project outcomes [19]. Heffron et al. 
conclude distributive, procedural, and recognition justice as the most 
relevant energy justice applications to solar energy technologies. These 
three energy justice tenets relate to the distribution of benefits, the legal 
process, and rights for different groups and form the basis of this 
socio-legal comparative study charting how regulation underpinned by 
energy justice can stimulate agrivoltaics and its benefits. 

Distributive justice can be defined as the equitable benefit and 
burden allocation in energy development. The distribution of benefits in 
innovative energy technologies, such as agrivoltaics, has the potential to 
address potentially novel justice impacts and eradicate existing in-
equities. Agrivoltaics can recognise pre-existing “actors, processes, and 
policies” [20] to include locational aspects unique to agricultural land; 
reduce social costs by ensuring farmers benefit from existing and new 
agricultural activities alongside solar energy generation; and recognise 
key agricultural landholders and communities to craft agrivoltaics 
project co-design. Energy justice can be effectively harnessed as a 
normative and pragmatic decision-making tool [21]. 
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Recent energy justice research specifically probes the need for pro-
cedural justice to ensure impartial and inclusive decision-making in new 
energy systems. Energy technologies, particularly novel technologies, 
are an opportunity for social sustainability as suggested by Fortier et al. 
[22]. Social sustainability frameworks employ social life cycle assess-
ments that evaluate and measure social impacts and benefits through the 
energy system life cycle. Adopting social sustainability frameworks can 
lead to pathways for equitable deep decarbonisation. Spurlock et al. 
posit equitable deep decarbonisation can reformulate development to 
collaborate “maximizing the multiplicative benefits potential of miti-
gation measures” [23]. Equitable deep decarbonisation is relevant to 
co-design and creates co-benefits for landholders and communities 
hosting agrivoltaics including generating increased autonomy in the 
energy transition, improved employment opportunities, and wealth 
building. 

Recognition justice evaluates the legitimacy and sustainability of 
energy technologies from a technological and territorial perspective 
[24]. Bouzarovski argues spatially-sensitive and energy-justice driven 
policies must develop tools to address "non-recognition" [25], first 
conceptualised by Fraser [26], where certain groups are not identified or 
ignored in energy-related decisions. Incorporating continued agricul-
tural activities co-designed with agricultural landholders alongside solar 
PV generation removes risks of "non-recognition" of the agricultural 
sector ensuring sustainable structural dynamics and advancing recog-
nition justice. 

In sum, the three energy justice tenets of principal interest to agri-
voltaics regulation and policy must address who is involved in and 
benefits from agrivoltaics design and operation (distributive justice), 
what legal processes and mechanisms should be considered to 
encourage agrivoltaics by energy justice (procedural justice), and how 
recognition of existing and future agricultural activities should occur 
(recognition justice) to create acceptability from a technological and 
territorial perspective [27]. 

2.1. Methodology: functional comparative analysis 

Functional comparative analyses enable a critical juxtaposition of 
similar legal regimes to assess key similarities and differences in ap-
proaches to legal challenges [28]. Existing agrivoltaics studies often 
apply methodologies inclusive of scientific, economic, and engineering 
structural data evaluation [29]. This study probes the unexplored 
functional socio-legal aspects of agrivoltaics development. Key legal 
functions support the development of agrivoltaics. Firstly, site planning, 
technical requirements, economic analysis, and technical design must be 
completed. Secondly, impact and other assessments are conducted to 
inform authorisation. Finally, incentivisation of agrivoltaics develop-
ment provides the basis for commercial growth. 

The quantification and analysis of legal and policy settings to stim-
ulate justice-driven agrivoltaics projects remains limited. This study 
aims to move beyond the technical and economic phases of agrivoltaics 
analysis to examine the three core functions of agrivoltaics develop-
ment, authorisation, and incentivisation applying the principles of en-
ergy justice. Energy justice harnessing a functional comparative 
methodology illustrates the comparable approaches in different regu-
latory environments, namely Massachusetts and Japan, that can be 
applied to the evolving agrivoltaics sector in NSW. Functionalism cre-
ates evaluative legal criteria where legal problems are compared based 
on the same factual challenge [30]. 

Table 1 outlines the comparable agrivoltaics development, author-
isation, and incentivisation functions in NSW, Massachusetts, and 
Japan. It also reviews the relevant regulation and policy analysed within 
this study as a precursor to creating principles for reform in NSW 
incorporating energy justice. 

The three functions of agrivoltaics planning development, author-
isation, and incentivisation in Table 1 will be comparatively analysed 
across three jurisdictions (NSW, Massachusetts, and Japan) by 

examining key policies and regulations throughout this study. 
This research is limited to a doctrinal socio-legal comparative anal-

ysis. Desktop socio-legal research is limited and may lead to erroneous 
or untested results without practical application. It does not address 
technical or economic aspects of agrivoltaics, and future research must 
test the underlying assumptions of the validity and rigor of energy jus-
tice to stimulate agrivoltaics. Although the results of this study are 
confined to legal and policy spheres without empirical evidence, the 
analysis is both timely and novel. Most research examining agrivoltaics 
over the past decade has focused on the technical, engineering, and 
economic basis of agrivoltaics. This study seeks to fill this evident 
analytical gap in agrivoltaics research and respond to the need for 
increased practical energy justice research [31]. Applying energy justice 
to agrivoltaics from a socio-legal perspective provides an important 
basis for legal reform to stimulate commercial development and ongoing 
incentivisation [32]. This research importantly directly addresses the 
emerging regulatory challenges of agrivoltaics including planning, 
development assessments, incentivisation, and community benefits. 

3. Conceptualising agrivoltaics through energy justice 

Agrivoltaics projects provide an alternative to mono-siting and sin-
gular solar energy development land uses by encouraging agricultural 
activities. Two key forms of large-scale agrivoltaics exist broadly. First, 
crop cultivation and horticultural agrivoltaics situating solar energy 
projects on cropping land, and second, grazing or ranching agrivoltaics 
situating solar energy projects combined with livestock activities. 
Agrivoltaics is a technological facilitator of the energy transition while 
minimising negative social and technical externalities at a minimum of 
three levels. First, enabling the coexistence of food and energy produc-
tion to diminish potential land use conflicts; second, agricultural land-
holder income diversification and increased revenue stability; and third, 
producing the opportunity for profit-sharing models and co-benefits for 
agricultural communities. 

Technical, decarbonisation, and economic benefits of agrivoltaics are 
well documented. For example, Cuppari et al. examine crop yield pro-
ductivity for agrivoltaics creating an increase in annual net revenues of 
between 300 and 500% in Oregon and North Carolina, USA [33]. Dinesh 

Table 1 
Agrivoltaics regulation and policy in NSW, Massachusetts, and Japan.  

Jurisdiction Function Policy/Regulation 

NSW, Australia Agrivoltaics Development, 
Authorisation, and 
Incentivisation  

• Environmental Planning and 
Assessment Act 1979 (NSW)  

• Environmental Planning and 
Assessment Regulation 2021 
(NSW)  

• Large-Scale Solar Energy 
Guideline 2022 (NSW)  

• Planning Secretary’s 
Environmental Assessment 
Requirements Large-Scale 
Solar Energy 

Massachusetts, 
USA 

Agrivoltaics Development, 
Authorisation, and 
Incentivisation  

• An Act Relative to Solar Energy 
(MA) Chapter 75 (2016)  

• Massachusetts Department of 
Energy Resources. 225 CMR 
20.00: Solar Massachusetts 
Renewable Target (SMART) 
Program  

• Massachusetts 2022 Clean 
Energy Act 

Japan Agrivoltaics Planning 
Development, 
Authorisation, and 
Incentivisation  

• 6th Basic Plan for Energy  
• Basic Plan for Food, 

Agriculture, and Rural Areas  
• Design and construction 

guidelines for farming solar 
power generation systems 

Source: Compiled by authors. 
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et al. found economic value from farms deploying agrivoltaics systems 
compared with traditional agriculture increased by 30% in Kansas City, 
USA [34]. Agrivoltaics advantages extend to sociotechnical paradigms. 
Agricultural landholders managing agricultural activities and land uses 
within agrivoltaics projects create the need to consider the social ben-
efits and burdens of agrivoltaics to ensure agrivoltaics co-location as a 
dual “spatial dimension to energy justice” [35]. Environmental, social, 
and governance goals increasingly require renewable energy projects to 
be reflexive of community needs and benefits. Such a transformative 
shift may encompass agrivoltaics as developments move beyond specific 
environment and planning conditions to consider broader co-benefits to 
de-risk investment and create “legal, social, and economic legitimacy” 
[36]. 

Regulating novel energy technologies to create conditions for suc-
cessful sector scalability is crucial to cementing technical feasibility, 
cost-effectiveness, and market certainty. In response, agrivoltaics has 
prompted new and emerging policy and legal discourses. For example, 
Japan holds an established regulatory regime that recognises the 
importance of "solar sharing" and enforces several technical parameters 
including acknowledging “agricultural production must be continued 
under the PV panels and about 80% of the per-unit production must be 
maintained in comparison to the level before agrivoltaic installation” 
[37] for farmland that is not classified urban farmland or devastated 
farmland. Similarly, Massachusetts requires several conditions be 
satisfied for a solar energy development to attract an Agricultural Solar 
Tariff Generation Units (ASTGUs) defined as a solar energy project 
“located on Land in Agricultural Use or Important Agricultural Farmland 
that allows the continued use of the land for agriculture”. The ASTGU 
programme created in 2018 represents the first specific agrivoltaics 
tariff scheme in the USA. ASTGUs incentivise the uptake of agrivoltaics 
by stipulating several guidelines including “(demonstrating) how each 
square foot of land will be used for agriculture production” [38]. 

Table 2 outlines the regulatory approaches and agrivoltaics defini-
tions in Japan and Massachusetts. 

The agrivoltaics definitions outlined in Table 2 demonstrate detailed 
guidance on agricultural land production and yields to receive agri-
voltaics status and attract tariff incentivisation in both Massachusetts 
and Japan. NSW currently does not hold a tender, tariff, or any economic 
incentivisation system for agrivoltaics nor does it define what would 
constitute an agrivoltaics project. NSW recently amended its Large-Scale 
Solar Energy Guidelines in 2022 to recommend, rather than require, 
solar energy proponents consider co-locating solar energy with agri-
cultural land. Co-location is defined as a mitigation strategy to continue 
“with existing agricultural practices and investigate the feasibility of 
agrivoltaics where it would result in a meaningful benefit”. This delin-
eation falls short of overtly defining agrivoltaics [39]. Technical agri-
voltaics guidelines also remain notably absent in NSW despite the 
recently revised Large Scale Solar Energy Guidelines. 

Without a harmonized definition for agrivoltaics systems, there is a 
real possibility of ad hoc policy and legal approaches creating barriers to 
industry entry across various jurisdictions and planning controls. As 
emphasised by Vollprecht et al., “a homogenized definition of agri-
voltaics … would promote the inclusion of agrivoltaics in the legal 
framework and thus would be beneficial in the distribution of this 
technology and the collaboration with neighbouring countries” [40]. 
States must develop regulatory frameworks to mitigate and manage risks 
while accommodating evolving technologies, such as agrivoltaics, 
crucial to reaching net zero by 2050 goals. Regulatory responses by 
states should be reflective of technological advancements, energy policy 
priorities, and societal responses to risk. 

Agrivoltaics could trigger regulatory enhancement in NSW by 
incorporating energy justice principles into project development, 
authorisation, and incentivisation. To move beyond traditional techno-
cratic regulation, key regulatory principles must be applied to agri-
voltaics against the backdrop of energy justice. The conditions, rules, 
and goals of agrivoltaics are required to create an ongoing level of 

Table 2 
Agrivoltaics regulation compared in Massachusetts and Japan.  

Jurisdiction Regulation/ 
Guideline 

Definition Guideline 

Massachusetts 225 CMR 20.00: 
Solar 
Massachusetts 
Renewable Target 
(SMART) Program 
Guideline 
Regarding the 
Definition of 
Agricultural Solar 
Tariff Generation 
Units 

S 20.02: 
“A Solar Tariff 
Generation Unit 
located on Land in 
Agricultural Use 
or Important 
Agricultural 
Farmland that 
allows the 
continued use of 
the land for 
agriculture”. 

“a. demonstrate 
how the proposed 
dual-use design 
will provide equal 
or greater total 
agricultural yields 
than if both the 
agricultural crop 
and solar array 
were grown and 
installed 
separately, 
utilising the same 
amount of total 
land area for the 
comparison; b. 
demonstrate how 
each square foot of 
land will be used 
for agriculture 
production, and c. 
demonstrate how 
the design will be 
able to 
accommodate a 
variety of potential 
agricultural 
products 
throughout the 
SMART tariff 
term”. 

Japan Act on Promoting 
Generation of 
Electricity from 
Renewable Energy 
Sources 
Harmonized with 
Sound 
Development of 
Agriculture, 
Forestry, and 
Fisheries 
Act No. 81 of 2013 
Notification No. 
2887 of the 
Director-General of 
the Rural 
Development 
Bureau, Ministry of 
Agriculture, 
Forestry and 
Fisheries 

Guideline 14.3 
“Farming-type 
solar power 
generation 
systems give 
priority to 
agricultural work, 
so maintenance 
should be carried 
out in such a way 
that inspections 
are carried out 
when the impact 
on farmland is 
minimal, and the 
tools used for 
inspection, such 
as stepladders and 
scaffolding, do not 
affect the 
farmland. It is 
desirable to 
discuss inspection 
plans and 
methods with 
farmers in 
advance.” 

(i) “agricultural 
production must be 
continued under 
the PV panels 
(about 80% of the 
per-unit 
production must be 
maintained in 
comparison to the 
level prior to 
agrivoltaic 
installation); 
(ii) the height and 
spacing of the 
support poles must 
not obstruct the 
operation of 
agricultural 
machinery; 
(iii) the area of the 
support columns 
should be kept to a 
bare minimum; 
(iv) the agrivoltaic 
installation should 
not have an impact 
on the surrounding 
farmland; 
(v) the Agricultural 
Committee shall be 
informed of the 
annual harvest and 
crop type; 
(vi) renewal 
reviews are 
required every 
three years”. 

Source: Compiled by authors. 
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understanding and support [41]. Fig. 1 provides preliminary guiding 
principles to create a socio-legal framework embedding energy justice in 
NSW and creating a justice-driven agrivoltaics sector. 

Fig. 1 does not outline a comprehensive and exhaustive survey of all 
principles to create agrivoltaics regulation embedded in energy justice. 
Rather, it presents the initial core principles and reflects initial recom-
mendations to explore possible regulatory frameworks and functions 
and enable the benefits of agrivoltaics in more detailed future studies. 
The need for regulatory certainty, embodied in energy justice principles, 
is essential to supporting the development and incentivisation of the 
agrivoltaics industry in NSW. Section 4.0 examines and compares the 
different development stages of the agrivoltaics sector in NSW, Massa-
chusetts, and Japan. 

4. Agrivoltaics adoption in NSW, Massachusetts, and Japan 

In NSW, significant policy efforts have been made to establish a 
pathway for the agricultural sector during a period of growth, change, 
and competing demands for land use [42]. Critiques of planning regu-
lation for large-scale solar PV projects identify environmental, social, 
and economic co-benefits of co-locating solar energy and agricultural 
land. Guerin recommends the adoption of agrivoltaics to “reduce land 
deficits for food and fibre production” [43]. Similarly, the updated NSW 
Large-Scale Solar Energy Guidelines [44] and the Agricultural 
Commissioner Issues Paper [45] identify the benefits and potential for 
solar and agriculture co-location. The majority of agrivoltaics projects 
are sited on grazing properties in NSW with the opportunity for horti-
cultural agrivoltaics at a commercial scale largely unexplored. 

The spectrum of agrivoltaics installations or MW installation targets 
within the three comparative jurisdictions analysed in this study are 
outlined in Table 3. In 2020, NSW had a total of 10 agrivoltaics in-
stallations equipped with grazing capability [46]. In comparison, Japan 
holds a cumulative total of 3,474 agrivoltaics installations. While Mas-
sachusetts does not record its agrivoltaics projects overtly, it holds 
jurisdictional targets for agrivoltaics and extended its solar energy target 
to 3200 MW in 2022 with an overarching goal of 80 MW AC agrivoltaics 
capacity and 12 registered SMART projects with agricultural adders 
[47]. 

Massachusetts holds an established agrivoltaics sector stimulated by 
the SMART program and ASTGUs guidelines. ASTGUs directly incenti-
vise the deployment of agrivoltaics systems through fiscal incentivisa-
tion [51]. The incentive operates as a feed-in tariff (FiT) to benefit utility 

companies harnessing agrivoltaics solar energy generation. The legal 
mechanics of ASTGU were formed under 225 CMR 20.00 [52] and 
function as a “declining block incentive program”. This programme 
creates incentive rates for system owners to decline proportionately as 
more capacity blocks are allocated between utility companies (measured 
in MW output) are filled [53]. 

The ongoing trajectory of the ASTGUs program in Massachusetts is 
clear with an overarching goal of reaching 80 MW AC capacity. Further 
legislative developments such as the Massachusetts Clean Energy Act 
[54], which in addition to incorporating a net zero emissions goal by 
2050, prioritises the development of agrivoltaics projects in the state’s 
energy and climate policy. Specifically, the Clean Energy Act provides 
clarity that an agrivoltaics project is treated as an agricultural use and 
therefore the land remains as agricultural land for property tax pur-
poses. The Clean Energy Act provides the additional impetus for a new 
commission to identify obstacles to agrivoltaics projects and formulate 
strategies to address these challenges in Massachusetts. 

In Japan, interest in agrivoltaics stems from a means of generating 
revenue in rural areas and decreasing abandoned farmlands [55]. To 
reach carbon neutrality by 2050 [56], the Japanese government has 
defined its policy to support the expansion of agrivoltaics as a source of 
solar energy generation. In this context, the Basic Plan for Food, Agri-
culture, and Rural Areas, Japan’s agricultural policy guideline estab-
lished in March 2020, states that “the introduction of renewable 
energies such as agrivoltaics will be promoted to improve rural incomes 
and promote circular economy within communities” [57]. The 6th Basic 
Plan for Energy, adopted under Prime Minister Kishida, provides the 
basis for actions designed to achieve 2050 carbon neutrality [58], and 
also declares that “the government will boost the installation of 
renewable energy and agrivoltaics in agriculture” [59]. 

The key support measure for agrivoltaics uptake in Japan is the 
adoption of a FiT. Established in 2012, the FiT obliged power utilities to 

Fig. 1. Justice-driven agrivoltaics framework. 
Source: Compiled by authors 

Table 3 
Number of agrivoltaics Installations/MW targets for 2020 in NSW, Massachu-
setts, and Japan.  

Jurisdiction Agrivoltaics Installations/Agrivoltaics Installation MW Targets 

NSW 10 installations [48] 
Japan 3474 installations [49] 
Massachusetts 80 MW AC; 12 SMART projects with agricultural adder [50] 

Source: Compiled by authors. 

M. Taylor et al.                                                                                                                                                                                                                                 



Renewable and Sustainable Energy Reviews 188 (2023) 113815

6

buy electricity generated from renewable energy sources at a pre-
determined price for a set length of time [60]. Although the FiT has now 
been reduced, and energy supplied by small-scale commercial solar 
power generation (from 10 kW to 50 kW) is not purchased in principle, 
the full FiT is still applied to agrivoltaics between 10 kW and 50 kW to 
encourage uptake [61]. As a result of these initiatives, Japan had 3474 
agrivoltaics facilities permitted (as of March 2021), covering 872.7 ha 
and are co-located with a variety of crops, including rice, wheat, tea, 
soy, blueberries, and kiwi [62]. 779 new agrivoltaics facilities were 
installed in FY2020 alone [63]. 

5. Results and discussion: applying energy justice and 
comparing agrivoltaics regulation and functions 

The differing rates of agrivoltaics adoption and proliferation in NSW, 
Massachusetts, and Japan are reflective of regulatory environments. As 
demonstrated throughout this study, agrivoltaics increasingly requires 
definitions, clear functions, and robust planning regulation to incenti-
vise agrivoltaics. Social assessment and acceptance of agrivoltaics are 
also crucial as renewable energy developments may be challenged by 
communities [64]. More mature renewable energy technologies such as 
solar and wind energy demonstrate how community acceptance across 
the energy life cycle can be created by harnessing energy justice to 
address legal and stakeholder concerns [65]. Sections 5.1–5.3 of this 
study analyses and compares the three tenets of energy justice applied to 
agrivoltaics development, authorisation, and incentivisation functions 
outlined in Table 1 applied to NSW, Massachusetts, and Japan to reveal 
opportunities for reform. 

5.1. Distributive justice 

Distributive justice frames the allocation of energy “goods and ills” 
[66] across society in both temporal and spatial elements probing when 
and how financial benefits and burdens of energy are distributed. 
Distributive justice applied to agrivoltaics may consist of community 
benefit sharing, diversification of community ownership, and equitable 
distribution of compensation. Distributive justice is inherently 
socio-spatial. To mitigate any potential burdens of agrivoltaics de-
velopments for rural communities’ distributive justice is essential. For 
example, inadequate co-design, lack of co-benefits, and inadequate 
consultation may lead to project opposition by rural communities [67]. 
It is crucial to satisfy distributive justice principles by mapping any 
potential risks, impacts, and benefits ensuring the functions of agri-
voltaics planning development, project design, assessment, and in-
centives extend beyond the host agricultural landholder. 

Benefit sharing may create distributive justice by harnessing the 
function of incentivisation. Benefit sharing is highlighted by the NSW 
Large-Scale Solar Energy Guideline as assigning “(in) building commu-
nity support by ensuring that the project delivers positive, tangible, and 
long term social and economic outcomes for the local community” [68]. 
Benefit sharing exists using Voluntary Planning Agreements [69] and 
Community Enhancement Funds, all of which are voluntary for agri-
voltaics developers. In addition, at least three different levels of benefits 
co-designed with communities should be afforded to agrivoltaics com-
munities to embed distributive benefits: (1) compensation for neigh-
bouring agricultural properties; (2) local benefits for the hosting town; 
(3) regional benefits for the broader agricultural region hosting the 
projects [70]. 

Massachusetts is a useful case study for the successful implementa-
tion of local agrivoltaics policy and distributive justice. As described by 
Pascaris [71], the combination of federal and state energy financing 
mechanisms coupled with favourable state and local land use policies 
provide “the quintessential framework for agrivoltaics to prevail” [72]. 
The agrivoltaics policy framework in Massachusetts confirms this 
proposition, as it positions adaptive local settings within the federal 
policy architecture for solar development. A key insight reached by the 

social-political study undertaken by Pascaris et al. [73] is the need for 
local policymakers to be responsive to the critical social dimension of 
agrivoltaics developments. The study found that in the absence of sup-
portive local policy, participants of the study expected agrivoltaics 
development to encounter challenges [74]. Conversely, where a devel-
opment preserves local agricultural interests, there “may be an oppor-
tunity for agrivoltaics projects to become the prevailing norm of solar 
development in communities with conflicting land use interests” [75]. 

The state level control over land use creates differing regulations 
affecting agrivoltaics while providing opportunities for tailored policy 
responses to community needs [76]. Tailored policy responses are 
evident in Massachusetts which is currently the only state in the USA 
that has a dedicated and mature policy program designed specifically for 
agrivoltaics incentivisation under the SMART Program. The SMART 
Program commenced in November 2018 replacing the previous Solar 
Renewable Energy Certificate program to provide a long-term sustain-
able solar incentive program that promotes cost-effective solar devel-
opment [77]. 

The Japanese government has encouraged the expansion of agri-
voltaics installations by harnessing a generic FiT mechanism to incen-
tivise agrivoltaics development. The Japanese FiT is a scheme in which 
the government guarantees the purchasing price of renewable energy 
generated electricity, rather than a specific payment dedicated to agri-
voltaics, as is the case in Massachusetts. This charge is fixed regardless of 
the electric power supplier or electricity rate. The cost is calculated by 
multiplying the volume of electricity (kWh) used throughout the month 
by the levy rate per kWh. The Japanese FiT is a mechanism in which all 
consumers who use electricity share a portion of the cost of acquiring 
renewable energy. As a result, these expenses are shared by a broad 
range of entities. Between 2012 – and 2019, the Japanese Renewable 
Energy Levy increased. Initially equating to 0.22 yen per kWh, it 
increased to roughly 3 yen per kWh in 2019. 

In both Massachusetts and Japan, distributive justice has focused on 
ensuring economic feasibility for agrivoltaics through FiT incentivisa-
tion. Massachusetts has created a specific agrivoltaics tariff and devel-
oped an accompanying Shading Analysis Tool providing agricultural 
landholders and developers with the ability to propose an agricultural 
production plan consistent with the broader shading profile. However, 
ensuring the burdens and benefits of agrivoltaics beyond tariffs to 
guarantee the distribution of benefits to agricultural landholders and 
communities is not well developed in either jurisdiction. In NSW, no 
specific definition, incentivisation, or specific FiT exists for agrivoltaics, 
thereby creating a clear opportunity for distributive justice and incen-
tivisation functions for future agrivoltaics projects. 

5.2. Procedural justice 

Procedural justice embeds justice and fairness across all three func-
tions in agrivoltaics legal development, assessment, and incentivisation. 
Procedural justice requires community participation and representation, 
transparency, and objectivity in decision making [78]. Previous studies 
examine the importance of procedural justice in developing renewable 
energy technologies such as solar and wind [79]. Like other large-scale 
renewable energy projects, agrivoltaics design must incorporate com-
munity interests to achieve procedural justice. This includes harnessing 
deep agricultural knowledge and expertise within communities to 
design projects and anticipate agricultural system change throughout 
the project lifespan [80]. For example, solar energy projects that are 
increasingly being co-designed in Australia with Aboriginal and Torres 
Strait Islander communities [81] and wind energy cooperatives owned 
by community members embody principles of procedural justice. 

In NSW, the planning regulatory framework requires agrivoltaics 
projects to conduct a range of functional development assessments and 
authorisations [82]. Agrivoltaics as a dual land use also requires map-
ping and mitigating potential social impacts and designing agrivoltaics 
to ensure the mitigation of social impacts. By preserving agricultural 
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land and requiring “respectful, inclusive and meaningful engagement” 
[83] with communities, opportunities are provided for procedural jus-
tice embodied within participatory decision making and co-design. 
Collaborative decision making can identify and predict social impacts 
and encourage mitigation and monitoring using citizen panels, delib-
erative forums, community reference groups, and other forms of 
consultation within the Social Impact Assessment Guidelines [84]. 

In addition to planning assessments within the Environmental 
Planning and Assessment Act 1979 (NSW), solar energy proponents in 
NSW must also complete an Agricultural Impact Assessment (AIAs) 
where projects are located on or adjacent to ‘important agricultural 
land’ or ‘moderate capacity land’ following soil assessment to verify the 
quality of the agricultural land. Highly productive agricultural land 
(Class 1–3 Biophysical Strategic Agricultural Land) will require a 
“consideration of co-location to support the continued productivity of 
the land” forming part of a detailed AIA. AIAs also offer the opportunity 
for community consultation alongside Environmental Impact Assess-
ments and Social Impact Assessments with input from community 
members and agricultural landholders to co-design transparently. For 
example, agricultural landholders could provide specific guidance for 
the co-design [85] of developing agrivoltaics projects. While this prac-
tice is not mandated in agrivoltaics projects in NSW currently, Moore 
and Hackett propose using ‘place-making’ processes to provide a frame 
for substantiating the siting of agrivoltaics [86]. 

An emerging model of vertical policy alignment for agrivoltaics ex-
ists in the USA with legal frameworks underpinning the development of 
solar technologies at both a federal and state level. To optimise the 
deployment of solar energy at a federal level, several sectoral incentive 
schemes are underwritten by both federal legislation and programs 
enabled through the American Department of Energy and Office of En-
ergy Efficiency & Renewable Energy. At a state level, some states are 
innovating a framework that empowers the co-benefits of agriculture 
and small-scale solar installations [87]. 

In Massachusetts, the development of transparent land use, siting, 
and project guidelines mandate conditions for agrivoltaics to receive 
ASTGUs including the existing use and development and site charac-
teristics. For example, pursuant to 225 CMR 20.05 (5) (e), three cate-
gories of land use planning exist, including Category 1 Agricultural, 
informing legal conditions to constitute an ASTGU project. Providing 
transparency and clear guidelines for both solar energy developers and 
rural communities is key to achieving procedural justice. In contrast to 
NSW, Massachusetts does not have robust and applicable environmental 
and planning assessments applicable to agrivoltaics. Rather, research- 
led community guidance has provided procedural justice. The Univer-
sity of Massachusetts funded by the Massachusetts Department of 
Agriculture Resources has provided community focused specific agri-
voltaics guidelines including legal and financial considerations, location 
considerations, and specific resources for specific agricultural sectors, 
including cranberry growers [88]. 

In Japan, when converting farmland to non-arable use, the author-
isation function is performed by the local government’s Agricultural 
Committee. Unauthorised conversion of agricultural land is a breach of 
the Cropland Act [89], punishable by up to three years imprisonment or 
by a fine of up to three million yen for individuals and 100 million yen 
for companies. Initially, a temporary conversion of agricultural land for 
agrivoltaics required several conditions to be met. Conditions included 
80% of the per-unit production being maintained on agricultural land in 
comparison to the level before agrivoltaics installation and the Agri-
cultural Committee was informed of the annual harvest and crop type. 

Between 2018 and 2021, the Japanese government relaxed agri-
voltaics reporting requirements. First, in 2018, condition (vi) requiring 
renewal reviews every three years was eased. Since 2021, agrivoltaics 
developed on urban farmland or devastated farmland, or by certified 
farmers, require a renewal evaluation every ten years. Furthermore, in 
2021, criterion (i) was relaxed so that yield maintenance is not necessary 
while utilising devastated farmland for agrivoltaics. Despite this, 

procedural justice elements are evident in the need for solar energy to be 
subservient to agriculture in Japan’s most recent agrivoltaics guidelines. 
Guideline 5.3 requires the survey of farmland utilisation and crops 
guided by interviews with farmers. Farmer co-design in agrivoltaics is 
expressly referenced as crucial to “understanding of crop varieties and 
past average yields and quality on the target farmland” [90]. 

Overall, in NSW, Massachusetts, and Japan, legal processes to obtain 
agrivoltaics development and planning approval require adherence to 
guidelines. In addition, NSW includes a detailed agricultural land impact 
assessment regime while Japan requires engagement and co-design with 
farmers. Massachusetts does not have a specific impact assessment 
regime for agrivoltaics, rather guidance for community and agricultural 
sectors to engage exists. 

5.3. Recognition justice 

Recognition justice requires the acknowledgment of the rights of 
different groups in society, specifically host agricultural communities 
and farmers, in the case of agrivoltaics. Recognition justice primarily 
forms part of the authorisation and approvals function in agrivoltaics 
regulation and corresponds with agrivoltaics development and incen-
tivisation functions. Agrivoltaics research to date has cited the need to 
ensure social acceptance is stimulated through “policy measures, public 
participation models, and social institutions” [91]. Recognition justice 
also aligns with policy measures to empower farmers to actively 
participate in agrivoltaics projects enhancing incentivisation functions. 

In the context of the energy transition, an energy justice approach 
seeks to assess whether energy systems, regulations, and policies 
entrench social inequity [92]. Recognition justice involves meaningful 
engagement with farmers to improve community incentives and out-
comes leading to more likely planning authorisation, Recognition justice 
diverts from a ‘top-down’ policy approach that places onerous re-
quirements on farmers and may deepen the divide between communities 
and government or developers. In the case of agrivoltaics, there is a shift 
from the traditional locus of energy justice applied to fossil fuels to 
energy justice during the transition to a lower emissions economy [93]. 
Empirical studies examining agrivoltaics within a socio-legal context 
remain limited [94]. As such, a significant role for exists policymakers at 
both a state and federal level to determine appropriate engagement with 
various stakeholders and in particular, host communities. 

In NSW, despite enacting the Right to Farm Act 2019 (NSW), there is 
a lack of specific regulatory conditions forming the authorisation of 
agrivoltaics and transparency over agrivoltaics leases. Rather, the Large- 
Scale Solar Energy Guideline provides four generic principles for solar 
energy developers to: “(1) consider the agricultural capability of the 
land during the site selection process; (2) avoid siting solar energy 
projects on important agricultural land as far as possible; (3) Agricul-
tural assessment should be proportionate to the quality of the land and 
the likely impacts of a project; and (4) Mitigation strategies should be 
adopted to ensure that any significant impacts on agricultural land are 
minimised” [95]. 

The ASTGU scheme in Massachusetts was analysed by Pascaris who 
argues the Massachusetts model also provides insight into the appro-
priate level of prescription for system parameters and thereby the 
appropriate level of engagement with communities [96]. Moore et al. in 
contrast, view agrivoltaics as consisting of a “new set of sociotechnical 
practices and systems requiring deep cross-sector cooperation and 
community engagement to succeed” [97]. For example, to be an eligible 
system operator for ASTGUs, the system parameters required include a 
raised racking system that elevates the solar array to allow for agricul-
tural machinery and labour (minimum height of the lowest panel to be 8 
feet above ground) [98]. Other system requirements include “maximum 
direct sunlight requirements for the land underneath the panels by 
adhering to panel spacing and shading parameters” [99]. These re-
quirements may cause additional capital costs for custom solar arrays, or 
in the case of panel spacing, may reduce the capacity of the array and 
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nullify the benefit received by the accumulation of ASTGUs [100]. 
Despite clear guidance for solar energy proponents under the ASTGU 
system, broader agricultural community engagement principles beyond 
the University of Massachusetts and Massachusetts Department of 
Agriculture Resources remain absent. This finding has led to the creation 
of the new Agrivoltaics Commission in the recent Clean Energy Act 
amendment to engage with stakeholders in developing Massachusetts’s 
updated agrivoltaics regulatory framework. 

Japan’s Cropland Act [101] recognises “the important role played by 
the ownership of agricultural land by cultivators” (Article 1) and stip-
ulates that “Persons who have ownership of or the right of lease of 
cropland, or any other right to use and derive profit from cropland must 
ensure that cropland is used in an agriculturally-appropriate and effi-
cient manner” (Article 2-2). Despite this protective stance, agrivoltaics 
projects are increasingly managed by corporate entities, rather than 
agricultural landholders. In 60% of agrivoltaics sites, a distinct indi-
vidual or entity other than the farmer who owns the field installs and 
manages the agrivoltaics project [102]. Consequently, some agrivoltaics 
projects may be implemented without recognition justice for agricul-
tural landholders. 

The lack of recognition justice in requiring agricultural landholders 
to manage agrivoltaics projects in Japan has led to two key challenges. 
First, PV panels on farms are often sited too low for farm machinery to 
operate safely, the distance between the poles is too narrow for farming 
equipment, and PV panels are positioned too closely to provide sunlight 
required for crop development underneath them [103]. Second, as 
recognised by the Ministry of Agriculture, Forestry and Fisheries, only 
less labour-intensive crops are often planted (and crops are changed in 
56% of agrivoltaics cases), appropriate cultivation is not carried out, 
farmland quality deteriorates, or farming ceases to exist entirely [104]. 
The challenge is to strike the correct balance and harmonise both agri-
cultural and energy producing objectives by balancing farmer’s private 
property rights versus agriculture as a public good, as identified by 
Moore et al. [105]. 

It is critical to coordinate agrivoltaics development within agricul-
tural communities. Collaboration between developers and farmers, 
including the implementation of an appropriate regulatory framework 
to outline agricultural landholder rights and lease terms, could better 
assure recognition justice. For example, energy communities – enekomi 
[106] – evident in Japan may represent collaborative vehicles to 
generate benefits between agricultural landholders and solar energy 
developers including negotiating agrivoltaics leases, compensation 
rates, and Right to Farm protections. 

As analysed throughout Section 5.0 of this study, agrivoltaics 
development, authorisation and incentivisation functions underpinned 
by regulation and policy have the potential to address and achieve all 
three energy justice principles. The underlying assumptions of the 
research could be improved by future empirical analysis applying the 
justice-driven agrivoltaics framework outlined to proposed agrivoltaics 
projects. Enabling enhanced agrivoltaics benefits may also support the 
achievement of Sustainable Development Goals, particularly Goal 7 
Affordable and Clean Energy through increasing solar PV development, 
Goal 13 Climate Action due to decarbonisation potential of agrivoltaics, 
and Goal 15 Life on Land ensuring an equitable and sustainable rela-
tionship between agricultural landholders and agrivoltaics developers. 

6. Conclusion 

The global agrivoltaics sector is anticipated to grow from USD $3.6 
billion in 2021 to USD $9.3 billion by 2031 representing an annual 
compound growth rate of 10.1% per annum [107]. Agrivoltaics hold 
significant and expansive potential. Yet, without well-defined and 
transparent legal frameworks the sector might falter unless the industry 
can demonstrate fair and equitable distribution of benefits to all stake-
holders, including agricultural landholders. This is increasingly critical 
in NSW with the target of creating 12 GW of renewable energy across 

five renewable energy zones located in rural and regional areas. These 
circumstances correspond to developments in community acceptance 
increasingly recognised as a key element of commercial viability in new 
and proposed renewable energy projects and signals a convergence be-
tween commercial, technical, and community needs and benefits. This 
new approach to the planning and operation of renewable energy pro-
jects is urgent and fundamental if the agrivoltaics sector is to grow and 
flourish as an important technology in the race to achieve the Sustain-
able Development Goals and net zero emissions reduction targets. 

To meet the ambitions of agrivoltaics development, an enabling 
framework embodying energy justice is critical. This study analyses 
NSW, Massachusetts, and Japan and their respective agrivoltaics socio- 
legal frameworks. The resulting comparative functional analysis dem-
onstrates the varying approaches to conceptualising and encouraging 
the co-location of solar energy and agricultural activities. Overall, NSW 
lacks detailed policies specifically applicable to agrivoltaics. NSW 
largely relies upon project proponents developing solar and agriculture 
co-location proposals. Without clear standardised agrivoltaics planning 
conditions, potential project delays and an increase in overall costs may 
become increasingly evident. In contrast, in Massachusetts, agrivoltaics 
has had a rapid and successful trajectory underpinned by its mature 
regulatory framework and specific agrivoltaics tariff tender system. This 
is backed by research and guidelines based on energy justice principles, 
which support the inclusion of stakeholder interests.108 Japan holds 
one of the oldest agrivoltaics sectors and applicable regulatory frame-
work. Japan’s established agrivoltaics sector has been created in 
response to concerns over food security, abandoned farmland, and 
declining agricultural output. Preservation of arable land is at the heart 
of the Japanese regulation which safeguards aspects of energy justice for 
both solar energy and agricultural sectors. 

This study demonstrates that agrivoltaics activated by a justice- 
driven agrivoltaics framework could stimulate energy justice leading 
to the uptake and benefits of agrivoltaics. The triumvirate of tenets; 
distributive, procedural, and recognition justice applied in this study 
reveals a new framework in Fig. 1 for policymakers to consider in 
amending three key functions of development, authorisation, and 
incentivisation regulating agrivoltaics. The hypothesis of this study 
agrivoltaics regulation facilitated by energy justice in a new justice- 
driven framework to stimulate the enhanced capabilities of agri-
voltaics has been tested and proven. 

The justice-driven agrivoltaics framework designed in this study is a 
conduit to realising the full potential for agrivoltaics. This framework is 
designed as a cycle in which regulation must incorporate the following 
principles: who benefits from agrivoltaics; what legal processes and 
mechanisms should be considered; and how recognition of existing and 
future agricultural activities should occur. This framework contributes a 
pragmatic roadmap for future agrivoltaics regulatory reform and poli-
cymaking. The three functions of agrivoltaics development, author-
isation, and incentivisation examined in this study demonstrate 
synergies with energy justice principles resulting in the first examination 
of agrivoltaics in energy justice research. This analysis is a fertile basis 
for new research to probe the practical application of the energy justice 
principles to legal processes delivering justice-driven energy transition 
with agrivoltaics as its enabler. 
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