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agricultural lands.
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Agrivoltaics: Coming Soon to a Farm Near You? 

US Department of Agriculture Northeast Climate Hub, 2023 

In 2020, U.S. renewable energy production (and consumption) hit a record high. The increase 
was mainly driven by more solar and wind. 

Despite this, renewable energy still only accounts for 12% of total U.S. energy consumption. 
Meeting the goal of “a net-zero emissions economy by 2050”, will require much more. 
According to a recent U.S. Department of Energy report, Solar Futures Study, “it is now possible 
to envision—and chart a path toward—a future where solar provides 40% of the nation’s 
electricity by 2035.” In that future, farmers and farmland will play a key role. One issue with 
renewable power is that it requires far more land per unit of power produced than fossil fuels. 
While many may favor renewable energy in the U.S. – that sentiment often changes when 
projects are proposed close to home. An energy system built on renewables – like solar or wind – 
would mean locating sites and infrastructure a lot closer to where those resources are either 
abundant and/or easily distributed. And, in many cases, this would mean areas that have not yet 
seen energy production or infrastructure in their own community backyards before. 

How much land is needed? 

According to the Solar Futures Study, a lot of land will be needed. By 2050, ground-based solar 
could need about 0.5% of the land in the contiguous U.S. To put this into perspective, about 5% 
of land is already in urban areas and roads and another 0.1% in golf courses. Agriculture 
occupies about 43% of the lower forty-eight states surface area.  The report points to prioritizing 
disturbed lands (8% of land) and dual-use land opportunities. Examples of disturbed lands 
include invasive species-impacted lands, non-vegetated lands such as quarries or gravel pits, and 
lands identified as contaminated but remediated for some forms of reuse. Agriculture will be an 
important dual-use case. 



The idea is called: Agrivoltaics 

Agrivoltaics is the use of land for both agriculture and solar photovoltaic energy generation. It’s 
also sometimes referred to as agrisolar, dual use solar, low impact solar. Solar grazing is a 
variation where livestock graze in and around solar panels. This system looks at agriculture and 
solar energy production as compliments to the other instead of as competitors. By allowing 
working lands to stay working, agrivoltaic systems could help farms diversify income. Other 
benefits include energy resilience, and a reduced carbon footprint. 

A symbiotic ‘cooling’ relationship occurs when growing crops (or native grasses and forbs) 
under solar panels. Together, each helps keep the other cool. While all crops need sunlight to 
grow, too much can cause some to get stressed, especially cool season plants such as brassicas. 
Plants growing under the diffused shade of photovoltaic panels are buffered from the day’s most 
intense rays. Shade reduces air temperature and the amount of water evaporating from soils; a 
win-win for both plants and farm workers on hot summer days. The plants in turn give off water 
vapor that helps to naturally cool the photovoltaic panels from below, which can increase panel 
efficiency. 

 

Agrivoltaics in the Northeast 

The largest agrivoltaics site in the U.S. is on a blueberry farm in Rockport, Maine. This new 10-
acre, 4.2-megawatt project is the first of its kind in the state, and will offer critical insights and 
experience. Researchers from University of Maine Cooperative Extension are evaluating the 
impact of panel installation on the blueberry plants.  They will also see how the crop fares over 
time under the solar array. 

Another form of agrivoltaics seen across the Northeast integrates livestock and pastures. This 
concept is commonly referred to as ‘solar grazing.’ It has taken off in recent years as a win-win-
win for farmers, solar companies, and the environment. Traditionally, the grasses that would 
grow up between solar panels need to be mowed to prevent the plants from shading the panels 
and reducing their efficiency. However, when sheep can be used, the high maintenance costs 
associated with mowing are eliminated for the solar company. At the same time, local shepherds 
can benefit from an added revenue stream to graze their sheep at these sites. Removing mowing 
operations not only keeps grassy areas safer for wildlife (i.e., nesting ground birds), but means 
less fuels and emissions too. 

Researchers and farmers around the country are currently experimenting and collecting data on 
what crops, pollinator plants, and/or livestock situations work best with photovoltaic setups. 
Agrivoltaic systems can offer farmers many exciting opportunities. How agricultural systems 
perform, and how project economics shake out is still to be determined. Also to be seen is how 
states and communities will decide to address policy regulations and/or zoning laws based on 
this dual land use option. 

 

Agrivoltaics Research 

The U.S. Department of Energy is supporting solar development and agriculture with their 
InSPIRE program. This program is managed by the National Renewable Energy Laboratory 



(NREL). It seeks to improve the mutual benefits of solar, agriculture, and native landscapes. 
Currently, there are 22 projects sites across the U.S. These bring together a wide array of 
researchers, farmers, and industry partners. 

 

NREL research projects located in the Northeast: 

• University of Massachusetts Amherst: Researchers are studying the effects of co-locating 
solar energy panels and agriculture operations at up to eight different farms across the 
state. This research will help farmers and communities make informed decisions about 
solar. 

• Cornell University: Researchers are looking at the benefits of pollinator-friendly 
plantings on solar farms. One goal is to see if wildflower plantings on solar sites can 
increase pollinator populations. Another is to see if wildflower plantings on solar farms 
encourage pollinators to visit crop flowers. Other Cornell research is looking at how 
sheep grazing may influence pollinator habitat and sequestration of soil carbon. 

Other regional agrivoltaic research projects of note: 

• Rutgers University: In June 2021 the Dual-use Solar Act was passed in New Jersey. This 
act set up a pilot program “to enable a limited number of farmers to have agrivoltaic 
systems on their property while the technology is being tested, observed and refined.” 
Funds also went to the New Jersey Agricultural Experiment Station to build and study 
agrivoltaic systems on their research farms. 

• University of Vermont: This past fall, UVM Extension’s Center for Sustainable 
Agriculture put on a workshop called, Solar Energy in Vermont's Working Landscape. 
The event brought together experts and stakeholders to address existing practices and 
barriers to solar grazing adoption as well as requirements for long-term success in the 
state. Before this, the Center’s pasture program worked with Vermont Agency of 
Agriculture, Food & Markets and Two Rivers-Ottauquechee Regional Commission. They 
developed guides for how to “balance the needs of community and farm-scale energy 
needs with a shared commitment to protecting agricultural lands.” 

While a lot of research is underway, many questions about agrivoltaic systems persist. Various 
research and demonstration sites around the country are working to find answers to questions 
like: What are the long-term impacts of solar energy infrastructure on soil quality? What crops, 
in what regions, are best suited for photovoltaic systems? How can both crop and energy systems 
be optimized? How will livestock (and wildlife) interact with solar energy equipment? What 
types of business agreements will work best between a solar developer or company and 
agricultural producer or landowner? 



Maine’s prime farmland is being lost to solar. Is ‘dual use’ the answer? 
By Kate Cough – The Maine Monitor – January 16, 2022 

 

A report urges developers to build dual-use projects with elevated panels that permit farming and 
grazing beneath. Critics say the approach is not yet affordable. 

 

Maine farmer Michael Dennett of 
Jefferson stands with his flock of 

sheep. Dennett has contracts to graze 
his sheep beneath solar panels, 

essentially providing a mowing service 
for developers. Photo by Garrick 

Hoffman. 

 

 

 

On an overcast afternoon in early July, Michael Dennett drove to a paddock near midcoast Maine 
to check on his sheep. They’d been there for a couple of days, and it was almost time to move 
them to another section of pasture.  

Dennett, who owns Crescent Run Farm in Jefferson with his wife, Ryan, has been a sheep farmer 
for years. But this pasture was different from where he’d grazed sheep in the past: It was a 
commercial-scale solar project, and Dennett’s sheep were providing the mowing services. 

“Ideally we get through a site within 30 days, particularly in the spring when grass is growing 
really fast,” said Dennett. Per his contract with ReVision Energy, Dennett does two grazes 
annually on several sites not far from the couple’s home. 

Arrangements like Dennett’s — grazing sheep, or growing blueberries under solar panels — are 
known as “dual-use.” As Maine farmers lose prime land to solar developers who want it for 
panels, dual-use has emerged as a way to keep the land in production, yet also use it to generate 
energy from the sun.  

Farmland, with its open fields, southern exposure and well-drained soils, is typically one of the 
easiest and cheapest places to put a solar project. But that type of land is also limited in Maine. 

A lack of regulations around where solar can be sited has resulted in farms being converted to 
panels at a rapid clip, an analysis by The Maine Monitor found. Developers outcompete farmers 
for prime land, or offer working farmers attractive sums to take some land out of production. 

In an effort to help stem the conversion, a report expected out this week from the Governor’s 
Energy office stakeholder group encourages farmers considering solar on actively farmed land to 
prioritize dual-use, to keep as much of that land in production as possible. 



Except those systems, solar developers say, are so costly to construct that they aren’t viable in 
Maine on any grand scale. 

“That’s the technology that we can’t afford in this state,” Matt Kearns, chief development officer 
of Longroad Energy and member of the Agriculture Solar Stakeholder Group, told members at a 
meeting in December. 

Sheep are able to graze under traditional ground-mounted systems, and the shade the panels 
provide is great for the animals, said Dennett. But other kinds of dual-use projects, such as those 
that allow for vegetable farming or cattle grazing, require elevating panels and spacing them 
farther apart. 

 

As Maine farmers lose prime 
land to solar development, 

dual-use farming has emerged 
as a way to keep the land in 
production, yet also use it to 
generate energy. Photo by 

Michael Dennett. 

 

 

 

That means more materials, like steel and aluminum, and less energy (and thus less revenue) per 
acre compared to traditional ground-mounted systems, where panels can be placed close 
together. 

“It’s very expensive, very hard to do,” said Kearns. “If we’re encouraging dual-use … that’s 
basically just saying the farmer can’t develop solar.” 

 

Farmers can’t compete 

Maine, the most heavily forested state in the U.S., has a finite amount of soil suitable for 
agriculture. About 10 percent of the state’s nearly 22 million acres are considered “soils of 
statewide importance.” Of those soils, 800,000 acres are considered “prime,” or land that is “of 
major importance in meeting the nation’s short- and long-range needs for food and fiber,” 
according to the U.S. Department of Agriculture. 

Only half of the land suitable for farming in Maine is being farmed, and increasing local food 
production is one of the goals of Maine Won’t Wait, the state’s climate action plan. State officials 
have said they want to triple the amount of food consumed in Maine from state food producers to 
30% by 2030. 

But amid the state’s solar gold rush, much of that land has stopped growing food or fiber 
altogether. It now produces solar energy.  



The state does not track how much farmland has been lost to solar projects, but a recent analysis 
by the Maine Audubon Society found that of 180 projects waiting to be reviewed by the Maine 
Department of Environmental Protection, 163 intersected with soils classified as prime or of 
statewide importance. That number is potentially much higher, since only projects on more than 
20 acres go through full DEP review.  

“The reality is we’re losing habitats. And the reality is we’re losing farmland,” said Sarah 
Haggerty, a conservation biologist with the Maine Audubon, in a presentation to the Agriculture 
Solar Stakeholder group.  

The group, convened by the Department of Agriculture, Conservation and Forestry, and the 
Governor’s Energy Office, was tasked with seeking ways to protect important agricultural land 
while helping to reach solar generation goals.  

While state and local officials have championed building those solar projects on capped landfills, 
brownfields and land that is otherwise unusable, that’s not where they’re ending up. 

“We were pretty disappointed to find that 11 of the 180 projects intersect with gravel pits, and 
just six of them are uncapped landfills,” said Haggerty. 

Solar is not the only threat to farmland, which is also being developed for housing and sold off as 
older farmers (the average age of a Maine farmer is 57) retire and there is no one to take their 
place. But what makes for good farmland — southern exposure, well-drained soils — also makes 
an excellent location for solar panels.  

And once there are panels on that land, it’s highly unlikely it will ever be farmland again, at least 
not for many decades.  

“I do not think we should expect large amounts of land to return to other uses from solar at the 
end of the first generation of life,” said Fortunat Mueller, a managing partner at ReVision 
Energy, during a recent stakeholder meeting. 

Pressure from solar developers makes it more difficult for the roughly 25 percent of Maine 
farmers who lease their farmland to compete in the market. It also makes it harder for new 
farmers, many of whom lease land before they’re able to buy.  

Younger farmers are “competing with developers who are offering $1,000 an acre on average, 
when we can maybe offer $200 an acre for row crop quality soil,” said Andy Smith, who 
participated in the committee and runs The Milkhouse, a dairy farm in Monmouth, with his 
partner, Caitlin Frame. 

Farmers who lease hay fields, where they often pay $50 per acre or less for a lease, have been 
particularly hard hit by solar development, said Smith. “We’re at a massive disadvantage.” 

 

The ‘wild east’ of solar  

One reason Maine has seen such rampant solar development on farmland is that lawmakers have 
yet to enact rules around siting solar on those soils, or set regulations that would direct projects 
away from open space.  



The state was flooded with proposals after the Legislature, in 2019, put in place incentives aimed 
at helping meet its renewable energy goals. With few regulations on where projects can be 
located, companies have typically looked to the cheapest, easiest options. 

Other states and countries have grappled with the issue for years. Massachusetts, faced with 
rapid loss of farmland and open space to solar and housing development, set rules allowing solar 
development on agricultural land only if panels are raised at least 10 feet above ground and 
shading from the array covers no more than 50 percent of the field. It also pays companies with 
such projects more for the energy they produce. 

Vermont, responding to a similar issue, enacted rules in 2017 that would pay companies more for 
putting panels on landfills, sandpits and brownfields, although many of those incentives are 
ending. 

Building solar projects on landfills is 10% to 15% more expensive than siting them on 
undeveloped land. It requires altering construction practices to keep from compromising the 
landfill’s protective cap, which can increase labor costs. The presence of the cap also means that 
posts typically can’t be driven into the ground but must be stabilized with ballast or mounted on 
long concrete footings, an additional expense. 

Landfills and brownfields, which often have remnants of industrial infrastructure and 
environmental hazards, may also require more in-depth review than putting posts and panels in 
an empty field. Landfill projects must be monitored to ensure they do not compromise the site’s 
integrity in the long term. Size is also an issue; many brownfields and landfills aren’t large 
enough for grid scale arrays.  

Solar on commercial rooftops is possible, but companies often don’t want panels there because 
they take away from a building’s development possibility, Drew Pierson, head of sustainability at 
BlueWave Solar, told the stakeholder group. 

That’s why developers say financial incentives are essential for companies to build on those 
kinds of sites or to put up dual-use projects on farmland. 

“This all feels good. It sounds good. But it’s not going to get done without additional incentives,” 
said Jeremy Payne, executive director of the Maine Renewable Energy Association, in a 
December meeting.  

Anything that increases costs to ratepayers will be a non-starter politically, the stakeholder group 
agreed.  

“Massachusetts, sure. Big, big economy, a lot of ratepayers. Maine has a million and a half 
ratepayers,” said Kearns of Longroad Energy. “I don’t think we can afford that here.” 

 

Solar can keep land in agricultural production  

Solar can also provide an economic cushion for farmers, who often operate on thin and 
unpredictable margins. Many see it as a way to possibly return the land to farming in the future, 
even if it’s taken out of agricultural production in the short term, or as a way to use marginal 
areas that aren’t being actively farmed.  



That’s the case for Rick Dyer and his family, who run Clemedow Farms in Monmouth. Dyer 
decided to allow a developer to install ground-mounted panels (Dyer wasn’t aware of dual-use at 
the time) on 45 of the 1,000 acres the family owns in order to help sustain the rest of the farm.  

“It provides a buffer by which if all else were to end tomorrow,” said Dyer, “the economic value 
that comes in will pay the taxes on the entire property for the next 20 to 40 years and maybe 
beyond.”  

The panels, he said, provide economic support that will help keep the rest of the land in open 
space and able to be farmed. 

“Farming in Maine is difficult at best,” Dyer added. “For dairy farmers right now, it’s really 
trying. The same price of milk is getting paid to the dairy farmer today that was getting paid to 
my grandfather 60 years ago, and the cost of that tractor went from $15,000 to $150,000.” 

Once the contract on the Clemedow Farms solar project is up, there are decommissioning plans 
that could allow the land to be put back into agricultural production.  

Dyer hopes that will be the case. Had a housing development been built on that 45 acres, it 
would be nearly impossible to return that land to agricultural use, he pointed out. Putting up 
panels on one section will keep that hope alive. 

 

Farmers want more evidence about dual-use 

Economics aside, several farmers said they want to see more data that dual-use systems can work 
in Maine before agreeing to put panels on productive land. 

“There’s a lot of talk about dual-use and working with farmers and all of this, but at the end of 
the day not much else is ever going to be able to happen under these arrays other than sheep 
grazing and bees foraging on clover or something,” said Smith, of The Milkhouse. Providing 
pollinator habitat is often counted as dual-use. 

“But that to me is kind of greenwashing to call that agriculture,” he said. “Not that it’s not 
important, but we’re not producing a lot of calories off that land.” 

Smith and his partner, whose 250-acre farm has a substation in the center, were contacted by 
more than a dozen companies after the legislation passed in 2019. They have a rooftop array that 
offsets the farm’s energy use and were interested in putting up a dual-use system for their sheep 
and cattle to graze under. A developer told them it didn’t make “economic sense.”  

While there are examples of crops successfully growing elsewhere under dual-use conditions, 
including a 24-acre vegetable farm with 3,200 panels in Colorado, it’s important to see examples 
of it working in Maine, said Smith.  

Scientists are studying a dual-use array on a 10-acre patch of blueberry field in Rockport to see 
how many years it takes the berries to begin producing after the array is installed, and also to see 
how well they do in shade. 

Pierson, of BlueWave Solar, told the stakeholder group that globally there are already many 
examples of this working.  



But, he added: “It’s not all roses … (Farmers) are going to need to invest in new equipment, or 
even business models to figure out how this works.” That could mean learning new methods and 
departing from long-held philosophies on farming. 

Certain pieces of equipment cannot fit between the poles, tractors may not be able to maneuver, 
and farmers have to be careful not to get chemicals on the panels themselves. 

“There are low-impact methods that may not have been on farmers’ minds before that are now 
actually required because you don’t want to damage the solar project,” said Pierson. 

 

Group recommends changes 

The stakeholder group came up with several recommendations that it hopes will ease pressure on 
farmers while still allowing Maine to meet its renewable energy goals. A dual-use pilot program 
of at least 20 megawatts was suggested, along with the creation of a database with information 
on solar projects. 

The report also suggests regulators consider streamlining the permitting process by making dual-
use and/or co-location (in which panels are installed on a portion of farmland, as at Monmouth’s 
Clemedow Farms) eligible for permit-by-rule, which essentially allows companies to meet 
certain criteria and be exempt from full site law of development review.  

“If we really are going to go big on clean energy, we want to be careful about, you know, just 
adding a ton of new restrictions,” said Kearns of Longroad Energy.  

The report advocates for allowing farms to keep their agricultural use tax designation even if 
they put up solar panels, as long as farming remains on the land. Under current rules, farmers 
typically lose that designation on the portion of the land with panels, which can amount to many 
thousands of dollars each year.  

In public comments, many urged for solar panels to be installed on farmland only as a last resort.  

“I am an advocate for solar power, but I believe that panels should be on every rooftop and 
parking lot and brownfield before we cover farmland,” wrote David Asmussen, a commercial 
vegetable farmer.  

Anything that slows solar implementation, argue developers and advocates, will hold Maine back 
from meeting its renewable energy goals. But farmers and others point out that a local food 
system and a biodiverse landscape are also some of the best ways to fight climate change, even if 
the benefit is harder to quantify financially.  

“It’s really important that people understand that this is rapidly changing the landscape of 
Maine,” Smith added. “We’re talking about the development of tens of thousands of acres of land 
in the state, just to meet our initial (portion) of renewable energy goals.” 








