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Stakeholder interactions around solar 
siting on agricultural lands: Toward socio-
agrivoltaic interventions 
Abstract: 

A record amount of large-scale solar development is proposed and under construction in the US 
Midwest, much of it for agricultural land. Building solar power on agricultural land entails unique 
challenges and stakeholder conflicts, which have been insufficiently addressed in the social 
science literature on renewable energy and public acceptance. Some scientists and engineers 
seek to manage conflicts and drawbacks of agricultural land conversion for solar use through 
combining farming and solar energy generation, a practice called agrivoltaics. However, this 
literature has not accounted for the social and stakeholder dimensions of these challenges. Who 
are the stakeholders involved in agricultural solar siting, and how do their epistemic paradigms 
about using agricultural land, especially prime farmland, differ? How are they interacting to 
coproduce decisions about solar siting? How is the existing context of energy and agricultural 
systems affecting solar siting, and who are the potential winners and losers in this process? To 
answer these questions, interviews were conducted across energy, agriculture, government, 
and expert stakeholders. The results provide a conceptual map of stakeholder interaction on 
solar development on agricultural lands and characterize the main epistemic paradigms shaping 
stakeholder conflict. Using this, we argue that agrivoltaics are currently treated as a 
technological fix, and we identify interdisciplinary research priorities to develop socially robust 
designs. 

Keywords: utility-scale solar siting, solar on agricultural land, agrivoltaics, prime farmland, 
stakeholder engagement, food-energy nexus 

Introduction
Several years ago, a fourth-generation farmer growing row crops (e.g., beans, wheat, corn) in 
Michigan wanted to lease land for wind power. Having coped with climate variability, he did not 
believe in anthropogenic climate change. Nevertheless, he saw wind power as a win-win 
because he could diversify his income while growing crops around turbines, and he recognized 
his strategic infrastructural location near a substation with available transmission capacity. Much 
to his chagrin, the community and zoning board stopped the project. He lamented that a handful 
of outspoken community members blocked it using scientifically disproven ideas about human 
health and avian impacts. He believes the state government should develop siting standards 
instead of leaving permitting to contentious and capricious local planning processes. He views 
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solar power as less desirable than wind because it is difficult to also farm the land. (Grazing 
sheep under panels might alleviate concerns, but he does not currently raise livestock). He 
would at least want a guarantee that the land would return to farming. While he prefers solar 
power be developed on marginal rather than prime agricultural land, he believes landowners 
have the right to decide for themselves.

This interview summary encapsulates key benefits, tensions, and paradigms influencing farmers 
and farming communities’ decisions to host utility-scale solar generation. Solar power costs 
have plummeted [1,2], and US utility companies are setting ambitious decarbonization goals to 
be achieved through solar power. As of August 2021, there are 73,000 MW of proposed solar 
generation in the Midcontinent Independent System Operator’s transmission queue. MISO 
states with the most proposed solar capacity include Indiana (17,202 MW), Illinois (9,526 MW), 
Michigan (9,390 MW), and Wisconsin (7,961 MW) [3]. Most would be developed on agricultural 
land, which poses different environmental and social issues than development in desert 
ecosystems. A better understanding of interactions among farmers, agricultural communities, 
local governments, state governments, and energy companies is needed to interpret 
stakeholder opinions on solar siting on agricultural lands. We inquire: How do stakeholder 
perceptions and paradigms about using agricultural land, particularly prime farmland, differ? 
How does the existing context of energy and agricultural systems affect solar siting, and how 
are stakeholders interacting to coproduce decisions?

Our first aim is to develop a conceptual map of stakeholder interaction around utility-scale solar 
deployment on agricultural lands, validated using measures of stakeholder verisimilitude. To 
solve conflicts between land use for energy versus agriculture, scientists and engineers have 
recommended agrivoltaics—grazing animals or growing crops under solar panels. Our second 
aim is to critique agrivoltaic solutions that fail to consider stakeholder priorities as technological 
fixes (techno-fixes). Transdisciplinary research is needed to develop agrivoltaic interventions 
that improve the socioenvironmental robustness of solar siting and alleviate land-use trade-offs. 
The article reviews the literature on renewable energy siting, presents a stakeholder interaction 
model and epistemic paradigms, and discusses agrivoltaics as a potential solution. Data 
collection focused on Michigan, with comparison to other states to identify generalizable trends.

 

Literature Review 

Renewable energy siting and public opposition
 
Despite robust social science research demonstrating multifaceted reasons for renewable 
energy land-use conflicts, the idea persists in public and scholarly discourses that land use 
challenges are minimal given the small percentage of land required to meet the world’s 
electricity demand with utility-scale solar power [4]. In contrast, the energy and social science 
literature illustrates that what is often at stake is not just whether land can technologically 
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support renewable energy but also whether it ought to be converted to energy generation [5]. 
Stakeholder conflict persists across diverse plots of land: places solar developers perceive to be 
barren desert roadside [6], land near irrigation canals with fish that provide food security to 
migrant laborers [7], or pristine lakeshores [8]. The surfeit of land paradigm explains public 
opposition as a not-in-my-backyard (NIMBY) phenomenon merely amounting to selfish desires 
for scenic views. While the term is pervasive in common parlance, social scientists have 
demonstrated that NIMBY is neither a sufficient nor analytical explanation for public opposition 
to renewable energy deployment. 

One shortcoming of the NIMBY paradigm is that it assumes aesthetic conflicts are about 
physical views of renewable energy on landscapes [15]. Yet a view itself says nothing about its 
value to viewers [16]. Publics contest renewable energy development because it disrupts their 
place attachment [10]. Places are not simply groupings of physical objects. A compilation of 
factors—material, financial, social, and emotive—shape publics’ construction of places as 
coherent, valuable landscapes intertwined with communities’ social and individual identities. 
Therefore, the cost of changing a valued landscape exceeds that of losing a view [17].
 
For example, Moore and Hackett [6] explore how stakeholders involved in a solar siting decision 
engaged in a “place-making” process, through which they interwove physical and intangible 
place characteristics in a coherent frame substantiating the site’s inappropriateness or viability 
for solar development. For developers, the location was appropriate because it was flat with 
“world-class sun,” previously disturbed, near other development (e.g., golf course, highway, 
gaming town), and in proximity to infrastructure (e.g., transmission and natural gas lines). For 
opponents, the place was pristine, ecologically valuable, near conservation lands, and spiritually 
significant. In sum, stakeholders saw utterly different places at the same coordinates. 
Stakeholders and scholars have proposed GIS models to moderate such conflict [17]. However, 
these models have failed to integrate community perceptions, limiting their success [6,18,19].
 
Public opposition foments not through disembodied NIMBY opposition but via ontological 
interactions among publics, developers, utility companies, regulators, and experts [20]. Walker 
et al. [20] present a conceptual framework for understanding interactions during the siting 
process. However, solar siting on agricultural land has included stakeholders, interactions, and 
epistemological paradigms not captured in this framework. Understanding these interactions is 
critical for improved stakeholder engagement in renewable energy planning, which is essential 
for project success, procedural justice, and a desirable fit between landscapes and renewable 
energy [15].

Solar siting on agricultural lands
Solar siting on agricultural lands is particularly challenging because it intertwines two different 
and highly complex sectors—agriculture and energy—and leads to interaction among eclectic 
stakeholders with divergent worldviews. Next, we review relevant literature and its gaps.
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Bessette and Mills [8] conducted a survey showing that opposition to wind energy in Michigan is 
more significant in scenic areas with natural amenities (e.g., coastal Lake Michigan) than in 
agricultural communities. Acceptance in agricultural communities is due to farmers’ income 
diversification needs. However, greater comparative support in agricultural areas implies neither 
an absence of opposition nor an inability to block permits. For example, newcomers who 
migrate for the landscape’s rural character resist large-scale renewables because of 
“aspirational ruralism,” or threats to imagined pastoral ideals [12,19]. Aspirational ruralism 
conflicts with the paradigm that technological progress enabled by utilitarian land uses makes 
solar appropriate for rural landscapes [21]. This paper addresses why farmers and agricultural 
communities disagree on the appropriateness of solar power for agrarian landscapes.

Nicholls [22] presents a three-part typology of UK agricultural solar siting: idealized rural land 
use, farming and income generation, and money making. Stakeholders representing the first 
category opposed solar power for industrializing the rural landscape and consuming high-quality 
farmland, thereby disrupting the deep-rooted link between agriculture and rural life. They 
thought farmers would reap disproportionate economic benefits from solar land leases. Those 
representing the farming and income generation category focus on income diversification needs 
and portray solar power opponents as ignorant about farming’s economic challenges and 
realities. Finally, those espousing the money-making paradigm compared privatization of solar 
leasing profits to profit-sharing models in community solar projects. We observe and expand on 
similar themes in US discourses. 

To alleviate competition between agricultural and energy land uses, a growing body of scientific 
literature (reviewed later) proposes “agrivoltaic systems,” or simultaneously using land for solar 
power and agricultural or biofuel crop production, or solar power and pollinator habitat [23]. This 
literature treats agrivoltaic solutions as techno-fixes to land use trade-offs and community 
opposition. A technological fix, or techno-fix, is defined as “[using] new technologies to avoid 
making social or political changes in societies that are in some sense under stress” [24]. The 
assumption is that technological substitution will preclude changes in lifestyles and social 
practices. For example, Späth [25] speculates that dual land uses could alleviate food-energy 
land use conflicts in Switzerland. 

The technical literature insufficiently considers economic and social concerns, particularly given 
the differences between agriculture and energy systems. Dual land use does not de facto 
reduce opposition to solar power. For example, some stakeholders in Nicholls’ study viewed 
dual land uses, such as grazing sheep, as disingenuous, which deepened distrust. Pascaris et 
al. [23] conducted 14 interviews with farmers to examine adoption of growing crops under solar 
panels. The authors define agrivoltaics as a “technological innovation” to be “adopted.” In 
contrast, we view agrivoltaics as a new set of sociotechnical practices and systems requiring 
deep cross-sector cooperation and community engagement to succeed. Indeed, Pascaris et 
al.’s evidence supports this, illustrating market incongruence between energy and agriculture 
and financial risks to farmers from agrivoltaic participation. Solar plants generate stable revenue 
through power purchase agreements for 25 years, but the market for suitable livestock or crops 
could change dramatically over this time. 
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Establishing realistic stakeholder expectations is vital in agrivoltaic project design. Social 
scientists have found that setting expectations high and disappointing them often impedes 
technological deployment [26]. Further, the trade-offs of solar and agrivoltaic initiatives are site-
specific. Achieving social and environmental benefits requires robust stakeholder collaboration 
and public engagement to tailor benefits to specific socioeconomic contexts and build trust so 
benefits and drawbacks are equitably distributed.

Methodology
Our study design focused on representing multiple stakeholder groups. We conducted 50 
interviews with 59 people, 35 of whom were from Michigan. The sample included academic 
experts (n=8), utilities and solar developers (n=12 with 17 interviewees), policy practitioners 
including a subset focused on engineering and economic feasibility (n=16 with 17 interviewees, 
plus one written response), farmers and farm organizations (n=8 with 10 interviewees), and 
community organizations (n=5). We contacted 117 potential interviewees to request 
participation, sampled based on the relevant policy organizations at local and state levels, utility 
company type (investor-owned, municipal, rural electric cooperative), academics researching 
this area, and farmers affected by renewable energy siting. We conducted hour-long 
videoconference interviews from October 2020 to April 2021. To ensure each group received 
equal attention, pairs of researchers focused on each of the five stakeholder groups. The lead 
author attended most interviews. In this paper, we identify interviewees by stakeholder group 
and number. 
 
Interviews were professionally transcribed. We coded the transcribed responses using Atlas.ti. 
Three team members did most of the coding, with the lead author reviewing to ensure 
uniformity. We used theoretical, analytical, and descriptive coding, with a total of 351 codes. 
The theoretical codes came from renewable energy siting literature [6,17,19,24,27,28]. We 
grouped codes into 10 overarching themes: agrivoltaics, pollinator habitat, wildlife and 
environment, agriculture, policy, land use and place, epistemology, energy, references to states 
outside Michigan, and cooperation and engagement. We sorted codes into groups and wrote 
memos on each. We supplemented interview data by attending five webinars on solar and 
agricultural siting. We also attended a virtual town hall for the Carroll Road Solar Farm and a 
Michigan Senate hearing on tax policy.

To develop the diagram, we compared the Michigan-focused interviews to 55 interviews 
conducted with a key regulatory or policy organization, utility company or developer, and 
agricultural stakeholder across 18 states to identify generalizable aspects of the interaction. We 
sent the draft diagram to 24 interviewees for feedback and received 17 responses, which we 
used to revise the diagram.
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 Figure 1: Stakeholder interaction around siting solar power on agricultural land 

Federal and state government
The first part of the analysis addresses the left side of Figure 1, explaining interactions among 
national policy, energy industry, and advocacy groups.

Federal government
The federal government’s central role in solar deployment has been the Investment Tax Credit 
(ITC): a 26% tax credit on residential and utility-scale solar installations (Fig. 1, top left) [29]. 
The ITC will drop to 22% for projects beginning construction in 2023 and 10% for projects 
starting in 2024, although Congress might extend the credits [29]. While not specific to 
agricultural land, the impending deadline incentivizes greenfield development because it is 
generally faster. Developers must adhere to federal legislation (e.g., Endangered Species Act, 
Migratory Bird Treaty Act, Clean Water Act) and, where applicable, the National Environmental 
Policy Act. 

State policy and regulation
Most US renewable energy governance occurs at state and local levels (Fig. 1, top left). State 
legislatures play varying roles. In Michigan, a 2008 energy reform package required 10% of 
electricity sales from renewables by 2015, later increased to 15% by 2021 [30]. However, this is 
not incentivizing utility-scale solar development on agricultural lands because utilities already 
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met the targets. Rather, multiple interviewees indicated that integrated resource plans (IRPs) 
required by the state legislature and led by the state regulator—Michigan Public Service 
Commission—led to utilities’ increased solar goals. According to an interviewee (energy 6), “[for 
investor-owned utility companies Consumers and DTE], solar was the go-to resource for all of 
the needed capacity [in the IRP].” DTE aims to reach net-zero greenhouse gas emissions by 
2050 and, according to interviewees, expects to increase its solar goals in the upcoming IRP. In 
its first IRP, Consumers Energy planned for 6,000 MW of solar power by 2030, subsequently 
increasing to 10,000 MW. Scholars should consider IRPs among policies driving agricultural 
land conversion to solar power (e.g., portfolio standards, renewable energy credits, and 
procurement requirements) [31].

The state government also interacted with industry to meet developers’ needs for agricultural 
land. Michigan’s previous governor forbade solar development on agricultural land preserved 
under the Michigan Farmland and Open Space Preservation Act, or Public Act (PA) 116. In 
2018, Governor Whitmer established a workgroup to change this (Fig. 1 interactions, from 
bottom to top left). This decision was coproduced across sectors including policy agencies (e.g., 
Michigan Department of Agriculture & Rural Development), economic and business 
stakeholders, a clean energy industry advocacy organization, local government advocacy 
organizations, an environmental NGO, and agribusiness organizations. One workgroup 
participant said, “We didn’t really have anybody that was committed to blocking it. Everybody [in 
the workgroup] was trying to work through it pretty collaboratively.” This policy change enabled 
solar development on agricultural lands, allowing a 239 MW installation (Assembly Solar) to 
begin construction. 

Developers interviewed for this study agreed on the factors that make agricultural land desirable 
for utility-scale solar power. Most importantly, the existing transmission grid constrains site 
selection. Many interviewees cited a rule of thumb that each additional mile required to reach 
the transmission system adds $1 million to project costs (Fig. 1, context). Agricultural land is 
often located near substations and transmission lines. Previously tilled agricultural land 
provides numerous contiguous acres of relatively flat land without rocks and trees. Contiguous 
land reduces operations and maintenance (O&M) costs and improves economies of scale. 
Agricultural land rarely provides critical wildlife habitat. These factors reduce the cost of 
environmental surveys and site preparation. Additionally, agricultural drainpipes can prevent 
flooding of solar facilities, although construction can damage them. Finally, rural agricultural 
land costs less than urban land and avoids the liability and geotechnical issues and small 
project sizes associated with brownfield development [32]. 

Local government

Local siting jurisdictions 
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Across the United States, solar siting is under state or local jurisdiction or both [31]. States with 
local siting jurisdiction provide more agency to local stakeholders, but this can lead to gridlock. 
Michigan has 1,773 local jurisdictions with zoning authority (e.g., setbacks, vegetation 
establishment, permits) to permit renewable energy (Fig. 1, top right) [33]. A single solar project 
can traverse multiple zoning authorities with conflicting regulations. Unlike Southwestern states, 
Michigan has limited federal land (e.g., only 610 acres of Bureau of Land Management land) 
[34]. Whereas Texas has large ranches with a single landowner, agricultural producers own less 
land in Michigan and other states east of the Mississippi River. Therefore, developers must 
negotiate with more landowners. In Texas, solar capacity has already reached 5,354 MW, with 
numerous large projects underway [35,36]. 

Local-state government interaction: Taxes
 
While not specific to agricultural land use, tax policy plays an vital role in solar development 
nationwide. Taxes can provide significant income to small communities. For example, the 150 
MW Onion River Solar project will annually provide $250,000 to Holland, Wisconsin (population 
3,756), and $350,000 to Sheboygan County (population 115,340) [37]. Since agricultural land is 
taxed at low rates, conversion to solar power increases tax revenue. Local governments’ tax 
needs may outweigh community desires for land to remain in farming. 
 
Underlying inequities in tax policy compose part of the context shaping solar deployment (Fig. 1, 
context box). Interviewee policy-econ 2 explained that “the State of Michigan has established a 
financial structure for local governments that is one of the most limited in the country.” When 
home prices rebounded after the Great Recession, tax revenue did not because a constitutional 
amendment limits property tax increases to the inflation rate [38]. The state is supposed to 
redistribute 21.3% of sales tax to local governments but has stopped [35]. Therefore, where 
developable land is limited, land conversion to solar generation bears an opportunity cost 
compared to land uses with higher tax rates (e.g., housing) [32]. In other states, the tax context 
is less constrained, but tax policy still engenders conflict. An interviewee from a solar 
development company working in the south-central United States explained that his company 
faces opposition from farming communities over tax rates rather than land use trade-offs. 
 
State and local governments interact around tax policy (Fig. 1, top corners). In 2020, the 
Michigan legislature considered replacing taxes on utility-scale solar facilities with a flat, per 
megawatt rate called a Payment in Lieu of Taxes (PILOT). Introduced by two Republican 
senators, these bills set the PILOT at $3,500 per MW [39,40]. The Michigan Senate Finance 
Committee held a hearing on these bills on September 20, 2020, facilitating interaction across 
state and local governments, industry, and advocacy organizations. For state governments, the 
tax structure for utility-scale solar power serves various purposes, including achieving 
environmental policy goals and promoting economic competitiveness. For Michigan 
Republicans, solar tax policy presents an avenue for reducing taxes and promoting small 
government. Politically conservative advocacy groups (e.g., Chamber of Commerce, a 
Republican energy organization) supported the PILOT, asserting Michigan’s onerous taxes 
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resulted in solar development going to other states. Local government representatives opposed 
the bills, citing a lack of evidence that $3,500/MW was fair. Governor Whitmer vetoed the bills to 
enable the tax commission to identify an appropriate rate for future legislation. Several other 
states use PILOTs or similar models, with varied reimbursement rates per year: Ohio $6,000–
$9,000/MW, Virginia $1,200/MW, and Wisconsin $4,000/MW [41–43]. Several local 
governments in New Mexico, New York, South Carolina, and Texas have implemented their 
own PILOT rates [44–47]. 
 
While the Walker et al. model discussed in the literature review treats developers as monolithic, 
the PILOT interaction highlights inconsistencies among them (Fig. 1, middle left). Pine Gate 
Renewables, a medium-sized developer, is scoping projects up to 20 MW in Michigan. A 
company representative testified that such projects are financially infeasible without tax 
abatement. Large companies that chiefly develop projects larger than 50 MW did not testify 
(e.g., NextEra Energy, Entergy, Enel, Invenergy). In interviews, a prominent developer 
expressed ambivalence toward PILOTs. Another developer interviewee (energy 13) explained:
 

We’ve got a target return [on investment] that we need to hit in order for our company to 
feel comfortable dedicating the resources and the capital for a particular project. So, to 
the extent that there is a [government] incentive, we’re just socializing that incentive right 
back to the buyer.

In other words, the developer would reduce the wholesale electricity price in an amount 
commensurate to the tax reduction. Overall, state and local governments and developers are 
interacting around tax considerations. 

Agricultural community-developer 
interactions
A main stakeholder interaction around solar siting on agricultural lands occurs among 
developers, community members, and local government (Fig. 1, middle left to right). While local 
government interviewees preferred the developer approach them first, developers often begin 
years in advance by proffering leases or sales with landowners. Standard agreements include 
non-disclosure agreements, creating an atmosphere of secrecy until the developer eventually 
approaches the relevant zoning authority. Developers and contractors then conduct 
environmental surveys and file public documents. Zoning authorities hold public meetings where 
intervenors and citizens voice opinions.

Farm landowners are a central, although eclectic, local stakeholder group in solar siting on 
agricultural lands (Fig. 1, middle right). Their interactions with developers and land use 
decisions are shaped by numerous goals, including retirement options, income diversification, 
pride, land stewardship, and heritage. Many farmers view farming as part of their identity rather 
than a job [48]. They feel an “ethical relation” to their land, evoking a “moral obligation to 
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conserve” it (p. 1127) [49]. Energy interviewee 2, who develops projects in agricultural 
communities, explained:

For people who have been farming for decades, some have owned their land for more 
than a century. Their land is their identity. And if their crop yields are high, they’re proud. 
And if their crop yields are low, they’re frustrated. It's kind of who they are.

 
This identity-based paradigm explains why some farmers do not perceive solar power to be 
farming the land. An interviewee from a community organization explained that some farmers 
think “if you’re not planting corn or soybeans or something on [the land], you’re not farming it” 
(communities 1). A solar developer from the southern United States who includes sheep grazing 
in projects explained that this increases support in some communities. For other communities:

The fact that we’re shifting agricultural use by raising perennial forages harvested with 
livestock that go to market was just different than the corn and soy that has been grown 
on that land. And it felt to me, personally, that it wasn’t valued [by] that community that 
we were going to keep it in ag production because it wasn’t a typical corn production 
model. They didn’t want to see our solar panels. I don’t feel like any level of agricultural 
production was going to help that community accept that particular project.

 
Farming also relates to family lineage and retirement. Interviewee ag 2 queried, “How does 
[solar leasing] fit into the long-term sustainability for my children or my grandchildren: that 
they’re able to make a living on this farmland that’s been in our family for multiple generations?” 
A solar developer explained that farmers whose children are too young to inherit land are more 
willing to lease their land for solar power, especially if the alternative is to sell it for a permanent 
land use. Leasing or selling agricultural land for solar power is also a retirement option for 
farmers. The US farming population is aging, and many farmers are nearing retirement. In 2017, 
8% of farmers were younger than 35, 58% were between 35 and 64, and 34% were 65 or older 
[50]. Interviewee ag 6 stated, “If you’re 65 and if you’re looking to retire, and you don’t have kids 
to take over the farm operation, [solar] might be the right thing for you.” 

The agricultural economy is an existing context shaping and being shaped by solar leasing (Fig. 
1, right context box). Smaller farm operators face difficult financial situations. Small farm 
revenue averaged only $93,700 in 2021, and operators are dependent on off-farm income 
[51,52]. Interviewee ag 1 reported that solar lease payments in Michigan average $800 per acre 
annually, ranging from $500 to $1,200, and interviewee from Texas reported a similar range. 
Solar leasing provides stable revenue exceeding crop income. In states like Michigan with 
limited irrigation (i.e., 670,212 irrigated acres of 9.7 million total acres), solar income can 
compensate for reduced yields from lack of rainfall [53,54]. It can also replace agricultural 
income in states like Arizona, where farmers are experiencing water cuts [55]. In sum, decisions 
about converting farmland to solar production are partly economic but are also rooted in identity 
and heritage.
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Of this stakeholder group, tenant farmers—those who rent all their farmland—and renters are 
most likely to be harmed by solar leasing. Tenant farmers constitute a small proportion of US 
farmers but are vulnerable to total land displacement [56]. In Michigan, the average agricultural 
land rental price is $127/acre, well below the average $800/acre solar lease [57]. Of US 
agricultural land, 40%, or 353.8 million acres, is rented [58]. Most landlords (87%) are not 
agricultural operators and are on average 66.5 years old [58]. Nearly half (45%) have never 
farmed, and only 46% are part of the paid workforce [58]. They may not live in the same state or 
even country as their land. Landlords are more likely than owner/operators to lease their land for 
oil and gas development; the same is likely true for solar power [59]. The percentage of rented 
land greatly varies by state, so outcomes will be disparate nationwide [60].

Many farmers both own and rent farmland to increase their operation’s profitability. They could 
lose access to rented land near a house and land that they own, making relocation difficult. 
Furthermore, farm laborers could lose their jobs. Additionally, interviewee ag 1 explained that 
most Michigan dairy farmers apply manure to land they lease. If they lose access to that land, 
they will incur additional costs of treating and disposing of the manure or transporting it 
elsewhere. Finally, while most interviewees think agricultural and solar leasing markets will 
remain separate, some worry that agricultural land lease prices will increase. These effects and 
inequities urgently require full social and economic assessment.

The racial distribution of the benefits and drawbacks of the changing spatial distribution of 
energy generation is a complicated inequity. While it is beyond this study’s scope, it should be a 
future research priority. Graff et al. [61] find that, given Detroit’s history as an export hub for 
fossil-fuel generation, Detroit residents fear large-scale urban land conversion for solar 
generation that would be exported to rural areas [61]. In reality, developers focus on the 
conversion of comparatively cheap agricultural land for solar generation to be exported partly to 
urban load centers. Most US farmland (98%) is White-owned, and 94% of farm operators are 
White [56]. Renewable energy development in rural communities will enable retirement of the 
coal-fired generation that has disproportionately affected people of color. However, this cross-
scalar interaction is not always visible to rural communities, nor do they perceive the energy 
transition as beneficial despite the benefits of solar over coal. For example, farmers and nuclear 
power plant workers in rural Linn County (87.2% White), are fiercely contesting the replacement 
of a nuclear power plant with solar due to conversion of agricultural land, disruption to the 
agricultural economy, and loss of power plant jobs [62]. Overall, a thorough cross-scalar 
evaluation of job loss and economic equity based on race is needed. 

Competing paradigms: Private property rights and public 
goods
A fundamental tension around solar land leasing was the rights of landowners compared to the 
agricultural community. As an interviewee (farmers 3) explained, “In agriculture as a whole, you 
have a wide variety of opinions of others on your property. And the how and the why around that 
is as diverse as [the number of people involved] in agriculture.” Some interviewees argued that 
the decision to lease or sell farmland ought to be landowners’ sole right. An interviewee (policy-
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econ 4) asserted, “If a farmer wants to [lease land] because it’s good economics for him, we 
should get out of his way.” Such arguments idolized farmers as good land stewards, shrewd 
businesspeople, and even visionaries. In a public meeting, a solar developer stated:
 

Most businesses worry about next quarter. Farmers worry about the next generation, 
and if [farmers are] thinking that long term this is a good deal for them, who am I to 
argue?... These are landowners that are exhibiting their private property rights and 
exhibiting what they feel is the best thing to do with their land.

 
Similarly, an interviewee (communities 1) emphasized farmers’ business acumen, stating:

This is agribusiness. It is usually sophisticated stuff. ... So [business people ask]: what 
ways can I diversify my income? What ways can I stabilize my ability to stay in 
agribusiness if I have a bad year?
 

In contrast, other constituencies view farmland as a public good. These interviewees addressed 
the community rather than individual farmers, emphasizing public policy and environmental 
considerations. One (policy 2) stated:
 

Farmers’ private property and farm production really affects small communities. It’s not 
just a couple farmers changing their land use. It may truly not be appropriate to have ... if 
you wanted to maintain the character of that farmland to have that [solar] use there.

 
Policy-econ 7 emphasized rural aspirationalism (See Fig. 2):

We need to be cognizant ... that farmland and agricultural land is truly a public good. It 
obviously has benefit for agricultural reasons, but it’s a natural amenity that people who 
don’t necessarily own the land drive by the land every day, or have just come to value it 
as open space, it factors into their sense of place.
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Figure 2. Picture of solar protest signs near the Assembly Solar, Ranger Power, facility in 
Shiawassee County, Michigan. The signs line roads throughout the small town. (Photo by 
author, May 2021. Adjusted in Adobe Lightroom.)

These stakeholders emphasized trade-offs between food and energy production. US agricultural 
lands were converted to other uses at a rate of 2,000 acres per day between 2001 and 2016, 
mainly for low- and high-density housing developments (p. 30) [63]. While far less than 1% of 
Michigan’s farmland would be used to meet solar power goals, interviewees used the moniker 
of prime farmland to emphasize the inappropriateness of solar power. Community member 3 
explained that solar should be built on “agricultural land that’s not prime, that is challenged by 
nutrient deficiencies or is drier than prime agricultural land would ideally be, or the soil type isn’t 
suitable for commercial production of the crops.” Community member 5 stated, “I really think 
that solar is the way. I think, also, that appropriating land that would otherwise be used to 
generate food is a kind of bargain with the devil.” Farmer 2 argued that “it seems most logical 
that we would preserve the best quality, most productive soils for crop production.” Nationally, 
the American Farmland Trust (AFT) opposes solar siting on prime farmland [64]. Oregon limits 
utility-scale solar plants to 12 acres of US Department of Agriculture (USDA) Capabilities Class 
1 and 2 farmlands, and New York restricts solar installations to 50% prime farmland [65].

USDA defines “prime farmland” as land with “the best combination of physical and chemical 
characteristics for producing food, feed, forage, fiber, and oilseed crops.” The broad definition 
also includes soil quality, adequate and dependable moisture supply from precipitation or 
irrigation, a favorable temperature, and acceptable acidity/ alkalinity and salt content [66]. A 
developer argued that it is impossible to completely avoid prime farmland because of its broad 
distribution (see Fig. 3) and the numerous factors involved in site selection. They stated that 
“project siting is almost like a Venn diagram of a hundred circles, and we’re trying to find that 
perfect little spot in the middle there that represents everything.” Katkar et al. [67] found that in 
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New York state, 80% of land of good or medium suitability for solar siting is agricultural land. If 
development on prime farmland is prohibited and new transmission is not sited, there is only 
enough land that scores well in all four suitability criteria to develop 5 MW of solar. Studies are 
needed on how local agricultural economies are affected by prime versus non-prime farmland 
conversion. However, objective measures are unlikely to assuage all stakeholders because 
place attachment is subjective.

Figure 3. Crop productivity index map for the Midwest United States (Source: ESRI, ArcGIS)

Solar power as farmland preservation?

Sarah Mills (2018) has argued that wind power preserves farmland by providing additional 
revenue [68]. Unlike solar power, farmers can farm around the turbines. However, some 
stakeholders argued that the income from solar power enables farmland preservation. A written 
response from the Michigan Department of Agriculture & Rural Development stated, “The point 
of farmland preservation is to keep the land in farming. If overall farm income, including solar 
land rental, helps the long-term financial sustainability of the farming operation then this income 
option helps.” A public policy interviewee (6) explained that “for a lot of farmers and for me, 
farmland preservation isn’t just about preserving the physical acreage of the land. Farmland 
preservation at its core should be about preserving the viability of a farm long term.” 

Grout, Ifft, and Malinovskaya [69] argued that energy income does not improve farms’ financial 
viability because it does not increase access to credit for farm reinvestment. They disregarded 
other spending such as retirement and children’s college tuition. Their 2014 USDA dataset 
showed a median farm energy lease payment of $6,000/year, far lower than the expected 
revenue from solar leasing at $800/acre for hundreds of acres. Data representative of average 
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solar lease payments should be used to gauge the relationship between energy income and 
farms’ financial viability.

In addition to revenue, stakeholders argue that solar preserves land because land leased for 
solar can return to farming whereas land sold for housing development is permanently 
converted. This is uncertain, however, because the lease could be renewed after 30 years, or 
the land could be sold. Land in conservation easements—agreements in which farmers sell their 
land’s development rights—is guaranteed to return to farming. The easement manager would 
need to make an exception to allow for solar leasing. For time-delimited preservation programs, 
such as Michigan’s PA 116 program, which ranges from 10- to 90-year commitments, the 
farmer must eventually fulfill the remaining contractual years, but it is unclear when. 
Stakeholders were also concerned the developer would abandon the panels. PA 116 exceptions 
require decommissioning costs to be placed in escrow at the project’s start, negating this 
concern. 

Scientific stakeholders: A techno-fix to a sociotechnical 
challenge

Scientists and engineers are also stakeholders in solar development (Fig. 1, bottom right). To 
address challenges of pollinator decline and reconcile conflicts between agriculture and energy, 
scientists and engineers are studying solar pollinator habitat and growing crops under solar 
panels. Researchers have modeled or experimented with several crops (i.e., chiltepin pepper, 
jalapeno, cherry tomato, grape, wheat, lettuce, cucumber, and corn) [70,71] [72–76]. They are 
evaluating crops’ shade tolerance and the effects of rainwater runoff from panels and changes 
in soil temperature on crops [77]. The term “agrivoltaics” refers to combining solar energy and 
agriculture production [23]. Whereas social scientists use the term “sociotechnical” to recognize 
the coproduction of society and technology, agrivoltaics combines two complex technological 
systems without acknowledging the involved social institutions or actors.

Laird finds that, since the 1970s, advocates of utility-scale solar power presented it as a techno-
fix that would avoid changes in behaviors, institutions, and grid infrastructure [24]. In reality, 
techno-fixes often require significant social and political changes that go unaddressed by their 
advocates. For example, the social science literature and this paper show how utility-scale solar 
power requires changes in communities, some of which are unwelcome. Similarly, agrivoltaic 
advocates frame agrivoltaics as a techno-fix to a straightforward trade-off between direct energy 
and agricultural land use. They do not address the stakeholder interactions and epistemologies 
or changes in the social and economic system—all of which illustrate the failure of utility-scale 
solar power to serve as the techno-fix promoters expected it to be.  
 
The agrivoltaic literature also assumes positive social benefits will result from technological 
innovation. For example, Semeraro et al. propose building photo-ecological gardens with 
pollinator habitat and beekeeping, olive trees, and medicinal plants [78]. The authors excluded 
studying social impacts–claiming they are not measurable–yet assert that photo-ecological 
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gardens will increase public acceptance of solar siting on agricultural land. Barron-Gafford et al. 
[71] are experimenting with growing crops under solar panels in arid landscapes, arguing it is a 
win-win because solar efficiency improvements from vegetative cooling offset crop production 
costs. Hassanpour et al. [79] argue that agrivoltaics are viable, using a small experimental study 
growing grass under panels. Ravi et al. [80] contend that shade-tolerant plants with little water 
needs will improve Indian farmers’ cash flows, reducing poverty. Another paper claims that 
agave plants could be grown under solar panels to produce biofuel, combining two energy-
agriculture nexus challenges without considering social, regulatory, or policy complexity [81].

The US National Renewable Energy Laboratory (NREL) and Argonne National Laboratory are 
studying agrivoltaics and solar pollinator habitat. The use computer modeling to argue that 
native grasslands developed on solar sites provide improved ecosystem services (i.e., carbon 
sequestration, pollinator supply, erosion control, and water retention) compared to row crops 
[82]. They argue that solar pollinator habitat can offset food production loss by improving 
agricultural pollination services [83]. NREL and Argonne are studying vegetation management 
at three Minnesota sites, but social science research is excluded.

Some interviewees depicted agrivoltaic initiatives as simple: merely a matter of raising panels. 
Interviewee ag 1 said, “They just put the solar arrays up higher so they can run farming 
equipment underneath it.” This interviewee argued that soybeans or corn could be grown under 
solar panels provided there was enough space between rows for a combine. Policy-econ 3 
asserted, “The cost is not that high to increase the height of the panels.” The following section 
overviews social and market changes needed to transform agrivoltaics from a techno-fix to a 
sociotechnical solution.

Problematizing agrivoltaics as a techno-fix
As Pascaris et al. [23] found in their interviews, another agrivoltaic feasibility question relates to 
farmers’ willingness to undertake agrivoltaic production. Policy-econ 9 pointed out that 
agrivoltaic production is complex and involves financial risks. They stated sarcastically, “Not 
every new and beginning young farmer, or old-timer, or somewhere in between is saying, ‘You 
know what I really prefer to do? Stacked ag—that sounds easy.’” AFT thinks young, innovative, 
forward-thinking farmers could be recruited into agrivoltaics, and other farmers might become 
interested later. Research is needed on how to attract farmer participation and how agrivoltaics 
benefit and harm local agricultural economies. To ensure a just transition, decision-makers must 
consider effects on farmworkers, tenant farmers, farmers who both own and rent land, and 
landlords who are not agricultural producers. Furthermore, the benefits of solar leasing income 
should be weighed against the economic gains and losses of agrivoltaic production. 

Comprehensive social science research is needed to gauge whether, and under what 
conditions, dual land uses (e.g., pollinator habitat, grazing, and crop production) will help secure 
community consent for solar power. At the national level, AFT (Fig. 1, bottom left) would accept 
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some utility-scale solar power on agricultural land if it included agrivoltaics. Since place 
attachment differs across communities, one cannot assume dual land use will uniformly affect 
public acceptance. Interviewees’ discussed anecdotes in which public opinion improved, 
worsened, and remained unaffected. 

The economics of solar power must also be accounted for in agrivoltaic design. Space between 
panel rows is needed for agricultural machinery, increasing the land footprint per installed 
megawatt and therefore costs. Soybeans, for example, are low-growing but harvested using 30-
ft-wide combines. High-value crops, especially those suitable for hand harvesting, might be 
most economically feasible (e.g., borage, calendula, oilseeds, pennycress) but vary by climate, 
soil type, and regional markets [84]. 

Additionally, raised panel height increases costs partly for additional steel and materials but 
primarily because of added labor and installation costs from using scissor lifts. Several 
interviewees indicated that a 9-foot panel clearance is needed for cattle grazing. This clearance 
is economically infeasible under current conditions. According to cost estimates from NREL and 
a prominent developer, an increase in pile height from 2-feet to 9-feet would increase pile costs 
by 555% and overall project costs by 12.44%. State subsidies could alleviate these costs in the 
upfront stages to allow for learning effects. For example, while currently only available to smaller 
projects, Massachusetts’ Agricultural Solar Tariff Generation Unit provides $.06/kWh for solar 
canopies with crop production or animal grazing underneath [31]. 

Solar developers’ business models also affect agrivoltaic feasibility. Some companies only 
participate in development, engineering, procurement, and construction and then sell the facility 
to a different company that conducts O&M. In such cases, developers have little incentive to 
invest in measures that reduce long-term O&M costs, such as burying cabling to allow 
equipment access, planting vegetation that does not require mowing, or increasing panel height 
to accommodate crops or native plants. Interviewees from Michigan utility companies explained 
that utility RFPs might include a bonus point for grazing sheep or growing crops but do not 
prioritize dual land uses.
 
While no peer-reviewed research has been published on solar sheep grazing (see Fig. 4), it is a 
promising agrivoltaic option. Pile height can remain the same, and sheep provide vegetation 
management without chewing on wires. An interviewee who develops large-scale solar projects 
has found that growing crops is financially infeasible but stated, “I feel strongly that managed 
sheep grazing is one of the few agricultural enterprises that meets our operational needs of 
veg[etation] management.” Ideally, solar sites should be designed for grazing, including planting 
the vegetation palatable for sheep and providing them multiple water access points. Because 
sheep farming is not a major US industry, job training is needed to grow the workforce. Growth 
is needed in local supply chains (e.g., veterinarians, fencing, hay), mutton markets, and value-
added products for wool fiber. Solar grazing interviewees explained that sheep grazing costs 
are equivalent to mechanical vegetation management. However, they argued grazing provides 
more value, such as a increased human presence on site to identify problems (e.g., erosion, 
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broken panels), a local face to the company, good PR for keeping land in agricultural 
production, improved soil quality, and less damage than mechanical mowing. 

Figure 4. Sheep grazing in mid-Michigan (Photo by author, September 2021. Adjusted in Adobe 
Lightroom)

Both solar developers and agricultural communities would prioritize research on solar power’s 
effects on soil quality related to compaction from equipment and potential improvements in soil 
quality from removing it from agricultural production [8,85]. The only study on solar power and 
soil quality did not demonstrate improvement, but this was likely because the site’s topsoil was 
removed [86]. Future research should measure and compare effects on soil quality at solar sites 
with turf grass, pollinator habitat, and grazing.

We found that agricultural and pollinator interviewees typically did not understand energy 
systems, and energy sector interviewees did not understand agricultural systems. To enable 
agrivoltaics, deep upfront collaboration would be needed among farmers, solar developers, 
utility companies, and researchers. Agrivoltaic innovations not tailored to farmers’ needs and 
agricultural and energy economies and systems will fail. The critique of agrivoltaics as a techno-
fix is not meant to excuse poorly planned solar development, nor is it meant to suggest that 
solar developers on agricultural lands ought not to do their best to avoid, improve, and 
ameliorate project trade-offs. Instead, we argue that carefully setting techno-realist rather than 
techno-utopian expectations for solar development on agricultural lands through upfront 
stakeholder engagement and interdisciplinary collaboration is crucial.

Conclusion
This paper overviewed the challenges and opportunities of siting solar power on agricultural 
land from differing stakeholder perspectives. We identified the relevant stakeholders: the federal 
government; state regulators and policymakers; local government; solar developers and utility 
companies with multiple business models; NGOs, interest groups, and industry advocacy 
groups; scientists and engineers; and eclectic agricultural community members. To answer our 
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research question about how stakeholders interact to coproduce decisions, we developed a 
diagram illustrating their procedural and ontological interactions related to solar siting on 
agricultural lands. We also discussed epistemic paradigms about farmland use and changes in 
agricultural communities that shape this process. Two main paradigms dominate the 
conversation: (1) farmers’ private property rights and business acumen substantiating their 
ability to make personal decisions with their land, and (2) farmland as a public good 
substantiating the perspective that solar siting decisions should be collectively governed based 
on community interests. 

The solar siting process on agricultural land is indelibly shaped by the existing context of both 
the energy and agricultural systems. State and local institutions and frameworks, transmission 
systems, energy economies, energy legislation, partisanship, tax systems, and developer and 
utility business models shape the solar siting process on agricultural land. From the agricultural 
side, the agricultural markets, farmer demographics, land context (renters, owners, tenants, land 
size), and soil type are among the factors that shape solar siting. Potential winners include 
landowners benefitting from leasing income, beneficiaries of the added tax dollars and 
economic development across the supply chain, and developers and utility companies who 
benefit financially from successful projects. While we did not extensively address it, there are 
collective benefits from the low-emissions electricity and reprieve to communities where coal-
fired power plants are being decommissioned. The most salient losers in the process are tenant 
farmers and renter-operators who lose access to their land. 

We then evaluated claims that dual land uses will alleviate siting conflicts on agricultural lands. 
Scientists and technologists are currently treating agrivoltaic solutions as techno-fixes and 
ignoring energy and agricultural systems' human, social, economic, policy, and regulatory 
dimensions. Research needs include assessing farmers’ willingness to participate in agrivoltaic 
initiatives, studying needs for workforce training and supply chain development for solar grazing, 
systematically examining how agrivoltaics affect community acceptance in different regions, and 
gauging whether these solutions alleviate impacts on the current losers in agricultural solar 
siting outcomes (e.g., tenant farmers). Agrivoltaic systems would need to become socio-
agrivoltaic systems to be successful. Deep cross-sector and interdisciplinary collaboration would 
help enable these solutions and ensure they are improving the equity of solar siting on 
agricultural lands. 
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