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By Meg Wilcox

THE FINAL MILES of the one-hour drive west

from Boston to Knowlton Farm in Grafton,
Massachusetts, wind through a patchwork of
landscapes: wooded, residential lots with
1950s-style ranch homes; treeless subdivisions
dominated by brand-new McMansions; and

the rolling meadows of the 162-acre Hennessy
Conservation Area. At last, the farm’s old red
dairy barn, with a small sign reading “Hay 4 Sale,”
emerges along a wooded country road.

In its heyday, this 334-acre family business
was a dairy farm. But when the dairy’s profits
began drying up in the late 1990s, the Knowlton
family sold its herd and focused on producing
hay. On this late August day, fourth-generation
farm owner Paul Knowlton is baling hay in a
field beyond the barn that’s bordered by wood-
lands. A broad-winged hawk drifts overhead.
The sun scorches, but the crisp afternoon light
and cricket chorus hint that fall is on its way.
Knowlton rides a small green tractor, towing
a mechanical harvester that pops up neat,
rectangular bales, like a jack-in-the-box, as it
slices through the hayfield.

In a year or two, things will look different
here. Knowlton Farm will produce not only
hay, but berries, pumpkins, leafy greens, and
grass-fed beef—all underneath 3.1 megawatts
(MW) of “agrivoltaic” solar arrays built to allow
for production of renewable energy and crops
on the same land. The income from this newly
installed solar project will allow Knowlton to
hold on to the farm, which his family has owned
since the 1800s; he’ll also be able to plant
new crops, acquire a small head of cattle, and
experiment with regenerative farming practices
that can help improve soil health, restore
ecosystems, and sequester carbon. The arrays
are part of a community solar project growing
here that will produce enough electricity to
power about 520 homes. A smaller array powers
the farm’s activities.

Knowlton Farm. Credit: Robin Lubbock/WBUR (wbur.org).
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Collecting soil samples

at Jack’s Solar Garden

in Longmont, Colorado,
one of 30 agrivoltaics
research sites being
studied by the National
Renewable Energy
Laboratory. Credit: Werner
Slocum/NREL via Flickr
CC BY-NC-ND 2.0.

One such array undulates across a two-acre
field behind the farmhouse. Unlike conventional
ground-mounted solar arrays that hug the earth,
this agrivoltaic array towers nine feet high.
Knowlton planted a cover crop of winter rye grass
to prepare the field for spring planting, and
Monarchs and other butterflies flit among the rye
and scattered wildflowers that pop up beneath
the rows of gleaming panels. The panels are
spaced dozens of feet apart to allow farm
equipment to pass between them.

Agrivoltaic systems, also known as dual-use
solar, have been successfully deployed in Japan
and some European countries over the last
decade. They are emerging in the United States
as a potentially promising way for farmland to
contribute to climate mitigation and resilience,
while keeping farmers on their land at a time of
fundamental disruption in agriculture. Mean-
while, in the drought-stricken West, climate-
smart agricultural transition strategies are
encouraging the installation of more convention-
al solar energy systems on farmland that must be
taken out of production.

Siting renewable energy on farmland isn’'t a
new concept in this country. In the wind-rich
Plains states, wind development has helped
prop up struggling farm economies for a decade,
and a 2021 study by Cornell University found that
44 percent of existing utility-scale solar in New
York State has been developed on agricultural
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land (Katkar et al. 2021). Farmland’s wide-open
spaces are particularly well-suited for renewable
energy development, and it’s generally easier to
connect rural solar projects to the grid because
there is greater transmission capacity available, in
comparison to dense urban areas. Farmers benefit
from the payments for leasing a portion of their
land, which can make all the difference at a time
of rising farm bankruptcies.

Now, as renewable energy gains strength and
world leaders commit to energy transition goals,
new opportunities are emerging. Solar is booming
in the United States as photovoltaic costs contin-
ue to drop. The industry grew at a clip of 42 percent
annually over the past decade. As of 2020 it was
valued at $25.3 billion, with more than 100
gigawatts of solar now installed in the country.
President Biden’s recent announcement of an
economy-wide goal of net-zero emissions of
greenhouse gases by 2050 ups the ante; Princeton



University researchers estimate the net-zero goal
will require the deployment of solar and wind
energy on about 150 million acres, or land
equivalent in size to Wyoming and Colorado
(Larson et al. 2020). That could be a sizable chunk
of U.S. farmland, which totaled nearly 900 million
acres in 2020. At the same time, California’s
Sustainable Groundwater Management Act is
driving the retirement of 500,000 to 1 million
acres of the Central Valley’s 5 million acres of
irrigated farmland by 2040, as part of an effort to
rebalance the state’s groundwater supplies.
Investing in renewable energy on farmland
could be a win for climate mitigation, conserva-
tion, and agriculture—for farmers and their local
economies—but only if it’s done right, observers
say. Dual-use solar represents “a potentially
significant opportunity for agriculture and for
rural America,” says David Haight, vice president
of programs at American Farmland Trust, which is
a third-party certifier for the Knowlton Farm
project. “But it has to be done with farming in

mind, and so that it doesn’t result in displacing
farming across large parts of our landscape.”
Haight says 90 percent of new solar capacity
built by 2050 will be developed in rural areas.
Solar on non-working farmland, meanwhile,
can boost conservation goals by keeping farmers
on their land. Well-managed farmland can
provide a range of ecosystem services, from
sequestering carbon to providing habitat for
diverse native plant and animal species to
buffering against floods, drought, and heat.
Whether solar complements agricultural
operations or replaces them on a portion of
a farm, the associated revenue “can help
financially struggling farmers sustain themselves
through bad weather or tough economic times,”
says Jim Holway, director of the Lincoln Institute’s
Babbitt Center for Land and Water Policy.
Revenue from renewables, he adds, can also
provide funds for socially beneficial water
efficiency improvements or other soil and land
conservation investments.

Dual-use solar arrays
can reduce water
consumption; proper
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Agrivoltaics
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Dual-Use Solar in the Northeast

Between 2001 and 2016, according to the
American Farmland Trust, approximately
105,500 acres of New England’s 3.97 million
acres of farmland were lost to or threatened

by development. Roughly 35 percent was
irrevocably lost to urban development, while the
remaining acreage was impacted by low-density
residential development, which ultimately
changes the nature of rural communities.

Climate change adds further pressure, as
extreme downpours, flooding, and intermittent
drought, among other impacts, make farming
more challenging (see sidebar). “The future
unknowns of how to maintain farm viability
are getting larger, and that leads to a lot of
uncertainty about farmland staying in farming,”
says Emily Cole, New England deputy director
at American Farmland Trust.

Agriculture is responsible for roughly
one-fifth of global greenhouse gas emissions,
but efforts to shift to farming practices that
sequester carbon in soil could help agriculture
be part of the solution; the National Academy of
Sciences estimates the carbon sequestration
potential of U.S. agricultural soil at 276 million
tons of carbon dioxide equivalent, or 4 percent of
U.S. emissions. Once farmland leaves a farmer’s
hands for permanent development, however,
that’s no longer possible, says Cole. “There’s
no more opportunity to improve soil health
practices or garner clean energy.”

Paul Knowlton knows these pressures
firsthand. Grafton is ground zero for what
Massachusetts Audubon calls “the Sprawl
Frontier,” a belt of rapidly developing communities
in central Massachusetts outside Worcester,
New England’s second-largest city. Land prices
are high, and aging farmers face increasing
pressure to sell their land. Knowlton has been
approached by developers and even works as
a carpenter in residential construction to
supplement his farming income. “Every time
| go to work, | see a farm destroyed. | am part of
the machine, and | don’t like it,” he laments.

For fourth-generation farmer Paul Knowlton, investing in solar
power is a way to stave off conventional development on the
family’s land. Credit: Meg Wilcox.

For a time after selling its herd, the Knowlton
family made ends meet with the hay operation
and income from other jobs. But when the
farmhouse needed major renovation, the family
carved off one housing lot and sold it to a
developer. That’s when Knowlton decided there
had to be another way.

In 2015, he installed a 2.5 MW conventional
solar array that stabilized the farm economically
with its lease payments. That success got
Knowlton thinking that maybe he could install
more solar arrays, but in a way that would allow
him to plant around them. Coincidentally, the
solar developer that built his first array,
BlueWave, was thinking the same thing.

BlueWave was founded by John DeVillars, a
former Massachusetts Secretary of Environment
and regional EPA administrator who has strong
connections to the conservation community. It
was one of the first solar developers in the state
to jump on the incentives that Massachusetts’
2018 Solar Massachusetts Renewable Target
(SMART) program provides for dual-use solar
projects.

“Our motivation is as much for land protec-
tion and supporting community and agriculture,
as itis clean energy,” notes DeVillars. “Agrivolta-
ics is a great chance to strengthen rural commu-
nities ...and allow everyone to share in the
benefits of a cleaner environment and locally
produced, healthier food.”



The Knowlton Farm deal involves a slew of
parties: AES, a global energy company that owns
the project; the Massachusetts Department of
Energy and Department of Agriculture; the
University of Massachusetts, which will study
the impact of the systems on the farm’s crop
yields and soil conditions; American Farmland
Trust; and a farm consultant, lain Ward, who
BlueWave recruited to help develop the planting
plans and serve as an advisor to Knowlton. AES
provides Knowlton with lease payments and a
stipend to cover his farming costs, which will
eventually allow him to retire from carpentry and
achieve his lifelong dream of farming full-time.

Not all dual-use solar developers pay
stipends and hire farming consultants. Others
simply pay the farmer to lease the land.
“BlueWave’s model is progressive,” says Ward.
“It’s farmer-first, farmer-friendly . .. the spirit
of what | believe dual-use was intended to be.”

Ward is a cranberry grower and an evangelist
for regenerative agriculture who views dual-use
solar as an opportunity to pay farmers to
experiment with growing crops in new ways.

He launched his own consulting business,

Solar Agricultural Services, a few years ago.
Decked in jeans and T-shirt, boots, and a
brown sun hat, Ward shows a visitor Knowlton’s
second, much larger dual-use array, located in a
former pasture down the road from the hayfield.

The panels in both arrays are bifacial, he says,
meaning they allow some sunlight to penetrate
their surface and reflect off the ground, which
provides the crops more sunlight. The field under
this 11.5-acre array will become pasture for beef
cows in a year or two. Knowlton will plant mainly
forage grasses, with some radishes and sugar
pumpkins to support soil health. The field is now
planted with a cover crop of winter rye grass.

Knowlton is especially excited about the
cows. “We haven’t had animals for so long,”
he said wistfully, recalling how he used to milk
the cows with his father and grandfather every
weekend and every day after work. “I’'m looking
forward to getting back to that.”

Ward hopes the results from Knowlton Farm
will help inform a national conversation that
could spur greater adoption of dual-use solar.
Research to date has largely been conducted in
experimental settings. A University of Arizona
study on cherry tomatoes and two types of
peppers found that the crops did better because
they were spared direct sun. Jalapeio peppers
lost less water via transpiration, suggesting that
growing crops under PV panels can save water in
a hot, dry climate (Barron-Gafford et al. 2019).

AGRICULTURE AND CLIMATE CHANGE

Agriculture and associated land use changes such as
deforestation produced an estimated 17 percent of
global greenhouse gas emissions in 2018, according
to the Food and Agriculture Organization (FAO) of the
United Nations. Factor in related activities such as
packaging and processing, says the FAO, and the food
system accounts for 34 percent of all emissions—

a figure expected to rise as global population soars.
Even as it contributes to climate change, agriculture
is vulnerable to climate impacts: hotter temperatures,
droughts, pests, and flooding are affecting crop yields,
livestock conditions, and other critical elements of

a functioning food supply. Regenerative practices
that restore ecosystem health and sequester carbon,
such as no-till methods and use of cover crops, are
increasingly touted as a way for farmers to build
resilience and be part of the climate solution.
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Unpublished research from the University of
Massachusetts similarly found that the solar
panels helped reduce heat stress and contribute
to higher yields for crops like broccoli, Swiss
chard, kale, and peppers, though shade decreased
yield in some crops (Sandler, Mupambi, and
Jeranyami 2019). An analysis by researchers in
Japan found certain types of agrivoltaic systems
worked even with shade-intolerant crops like
corn (Sekiyama and Nagashima 2019).

Dual-use solar is likely best suited for smaller
projects in regions where competition for land
is stiff, because the economics are difficult
without incentives, and a tremendous amount of
oversight and technical assistance is required
to ensure that farm management plans are
sound. Construction costs for dual-use solar are
roughly 40 percent higher than for conventional
solar, says Drew Pierson, head of sustainability
at BlueWave. Raised canopies increase both
materials and labor costs. Insurance costs
are also higher because of ongoing activity
underneath the panels.

Massachusetts leads the nation in dual-use
solar because of its SMART program, which was
designed to add 3,200 MW of solar to the grid.
Under SMART, dual-use projects are eligible
for a base compensation rate of $0.14-$0.26
per kWh of electricity produced, depending on
the project size and local utility, and they receive
an additional $0.06 per kWh federal incentive.
To date, 11 projects, totaling 23 MW, have met
the state’s rigorous eligibility requirements. (Even
with the incentives, says DeVillars, “the economics
are very, very challenging, to say the least.”)

New Jersey passed a similar incentive to
Massachusetts last year. New York scores
solar projects better if they have agrivoltaic
features, but it’s unclear whether that will
help incentivize projects or simply hasten
their permitting, says Pierson. Agrivoltaics are
also being developed for pollinator fields and
rangeland in the Midwest and West. Meanwhile,
researchers in California are studying whether
solar installations could keep fallow farmland
from disappearing altogether.

Solar on Farmland in the West

In the West, water—or lack of it—is emerging
as a key driver for renewable energy siting

on farmland. Severe drought linked to climate
change is shrinking water supplies just as
population growth is increasing demand.
With the federal declaration of drought in the
Colorado River Basin in 2021, farmers in central
Arizona face steep cuts in their allotment

of river water. California and Colorado are
similarly struggling to balance agricultural
water use, rising urban water demands, and
shrinking resources.

“There’s always been this idea that the best |
soil is what determines the best agricultural i
land. We’re in a new paradigm here, and the |
best soil without water is dirt,” notes Lorelei ‘
Oviatt, director of planning for Kern County, }
California.

In an effort to gain control of dwindling
supplies, California passed the Sustainable
Groundwater Management Act (SGMA) in 2014.

One of the act’s key strategies is fallowing
farmland. With farmland transitions on the
table in California and other places in the
drought-stricken West, the Babbitt Center for
Land and Water Policy is researching sustaina-
ble futures for agriculture, and how to get from
here to there, says Holway, the center’s director.

Holway’s team is exploring how to facilitate
voluntary transitions of agricultural land in a
way that uses land markets, maintains agricul-
tural economies, and keeps the most produc-
tive agriculture land in cultivation. The center is
also investigating how to maximize ecosystem
benefits and possibly sequester carbon on
retired farmland. As part of this work, the
Babbitt Center provided funding to the Public
Policy Institute of California (PPIC) to investi-
gate the potential for solar development in the
San Joaquin Valley.

That region, which occupies the southern
part of the state’s famously productive Central
Valley, has the largest groundwater deficit in
California and faces some of the worst impacts



Credit: U.S.

from the dust, pests, and weeds that build up
from different types of land fallowing, and the
potential for winter rain-fed cropping.

“We’re working with folks to look at some
alternatives that could bring in revenues and
avoid negative externalities, but also potentially
generate some benefits, like soil carbon [storage],
soil moisture retention, and habitat [protection].
Solar comes into this as one of the options that
looks especially promising,” notes Hanak.

The Nature Conservancy (TNC) is also zeroing
in on the San Joaquin Valley for renewable energy
development. Its 2019 “Power of Place” report
identified the San Joaquin as a promising location
for the state to meet its renewable energy goals
because it is more ecologically degraded than
California’s inland deserts, where bighorn sheep,
desert tortoises, and golden eagles still roam
(Wu et al. 2019). California set a goal of reducing
greenhouse gas emissions by 80 percent below

Environmental Protection Agency. 1990 levels by 2050. Additionally, it passed a law
in 2018 requiring renewable energy resources to
supply 100 percent of electricity by 2045.
“TNC is obviously in favor of renewable
energy development, but we’re very interested
from overdraft, including land subsidence and in rolling it out in ways that don’t harm existing
drying wells, according to Ellen Hanak, vice habitat,” emphasizes Abigail Hart, project
president and director of the PPIC Water Policy director in TNC’s California Water Program.
Center. PPIC estimates that 10 to 20 percent of “If you’re going to site renewable energy
the valley’s farmland—500,000 to 1 million facilities on conservation land or agricultural
acres—will need to be retired to comply with land, then you need to make sure you’re doing it
the SGMA. in places that aren’t critically important for some
“If we don’t plan how that transition happens, other reason like habitat,” confirms Jim Levitt,
it’s going to have a billion-dollar economic director of the International Land Conservation
impact,” says Holway. Home foreclosures, Network at the Lincoln Institute. “It’s important
bankruptcies, and supply chain disruptions to be strategic.”

are among the cascading impacts that could
ensue from haphazard land fallowing.
PPIC is studying how solar development can

facilitate the necessary agricultural retirement If youre going to site renewable energy

in a way that sustains income for farmers. The facilities on conservation land or

research is part of a larger study on climate- agricultural land, then you need to make
smart agrlcu.lturaltransmons.that|s looking sure you’re doing itin places that arent

at the benefits and costs of different land . )

management options. PPIC is also exploring critically important for some other reason
issues such as the air quality risks that arise like habitat. It's important to be strategic.”
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Utility-scale solar is already underway in
the San Joaquin Valley. Westlands Solar Park,
one of the largest solar developments in the
world, is under construction on 20,000 acres of
former farmland that was contaminated with
selenium in Fresno and King counties. The
developer, CIM Group, plans to install at least
2,700 megawatts by the end of the decade,
providing clean energy to more than 750,000
households.

A smaller, 20 MW project was installed by
E.ON Solar at Maricopa Orchards, a Kern
County grower of almonds, oranges, and other
crops. That project is part of a 6,000-acre
habitat conservation plan devised by Maricopa
Orchards and local officials; the plan allows
solar development on 4,000 acres of farmland,
but sets aside 2,000 acres as habitat for San
Joaquin kit foxes, blunt-nosed leopard lizards,
burrowing owls, and other at-risk species.

“In some cases, land that has been out of
production even for a couple of years can
function as habitat for at-risk species,”
explained Hart. The 2,000-acre set aside will
allow for wildlife corridors on the property.

The 20 MW array, which occupies 160 acres and
is now owned by Dominion Energy of Virginia,

is the first of multiple expected projects on

the rest of the Maricopa parcel. Hart said that
TNC looks to the deal “as a compelling example
of how solar development could be done on
impaired lands in a way that provides renewable
energy and valuable habitat.”

While wind and solar are high-value options
for landowners, communities tend to question
whether they provide “the same juice to the
local economy” as housing or commercial
development, says Hanak. Some communities,
like San Bernardino County, have banned utility
solar altogether.

As part of California’s effort to monitor groundwater levels, a
state geologist measures the water depth at an agricultural well
in the Central Valley. Credit: Kelly M. Grow/California Department
of Water Resources.

California’s solar tax exclusion, a statewide
incentive passed in the early 2000s that prevents
the installation of qualifying solar energy
systems from affecting the assessment of a
property, is one reason why communities fret
the economics. It made sense for rooftop
installations and smaller-scale projects, but
does not work for today’s large-scale solar
projects, observes Oviatt. Hanak agrees, noting
that PPIC is investigating “the different ways
to pay for solar so that it’s not coming at the
expense of the coffers of a poor rural county.”

There are other practicalities to consider.

In Kern County, one of the largest in the valley,
transmission capacity is a limiting factor, says
Oviatt. Kern County has already developed 50,000
acres of solar, mostly on marginal lands. “We are
now catching up with all of the solar that we
have,” she says. Without additional transmission
lines, farmers will not be able to sell their land to
renewable energy developers. Kern County is
therefore looking at other possible uses for
retired agricultural land, including carbon
capture and sequestration technologies.



Path Forward

Both dual-use and conventional solar develop-
ment on farmland hold promise for helping
individual states and the United States as a
whole meet aggressive renewable energy goals.
Solar on farmland cuts greenhouse gas emis-
sions from the energy sector and, when done
right, can help conserve land and protect
biodiversity and water resources.

Jeremy McDiarmid, vice president of the
New England Clean Energy Council, points out
that solar can be an impermanent development
strategy, unlike housing or commercial real
estate. What communities need to do, he says,
is “find the balance between preserving open
space and developing clean energy resources
that are going to ... create local jobs and help
meet climate targets.”

American Farmland Trust is crafting a set of
principles to guide siting of renewable energy
on farmland in a way that protects farmers and,
where farmland is still active, improves viability
and productivity. Those principles also recommend
making full use of locations like brownfields,
abandoned mines, and urban rooftops. “There
are plenty of options out there with limited land

impacts,” says Haight. “However, we're
also aware that we will not be able to site
everything on brownfields and within the
built environment.”

Cole sees an opportunity for engaging
in conversations state by state to identify
where the best farmland is, what agricultural
communities’ needs are, and what each state’s
solar and land protection goals are to develop
state-specific guidelines and programs.

Such conversations are just beginning
in California, Massachusetts, and New York.
In California, the Strategic Growth Council,
a state agency, is funding PPIC’s climate-smart
agricultural transition and solar research to
help plan the San Joaquin Valley’s future.
In Massachusetts, the Department of Energy
Resources is studying the solar potential for
the Commonwealth and will likely layer in
both technical feasibility and competing
land uses for biodiversity and open space
protections, according to McDiarmid. And
in New York State, Cornell Professor Max
Zhang said his recent study on strategic land
use analysis for solar energy development
precipitated a meeting with state senators
(Katkar et al. 2021).

Westlands Solar Park shares space with agricultural fields in the San Joaquin Valley. Credit: Steve Proehl via Getty Images.
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Meanwhile, Levitt thinks the agricultural
sector could see additional disruptions in the
next few decades. Severe water shortages in arid
and semi-arid landscapes are one potential
driver of change. The traditional dairy and meat
industries could also be increasingly displaced
by alternative products such as nut milks and
synthetic meats. Such disruption could free up
a substantial amount of land for regenerative
farming, renewables development, carbon
sequestration, aquifer recharging, and wildlife
protection, particularly in the swath of the middle
of the country that’s now used for pasturing
livestock and growing the crops that feed them.

‘Just as change in the pattern of land use in
California is emerging, these trends could alter
longstanding patterns of land use across North
America,” says Levitt. While powerful industrial
agriculture associations will do what it takes
to minimize disruption—as will states where
agriculture is integral to identity, culture, and
economics—Levitt says the potential for
dramatic change is there, and the forces driving
change may well intensify over time.

As dual-use systems get up and running on
Knowlton Farm and elsewhere, questions remain
about how scalable dual-use solar will be across
different geographies and farm systems. Scaling
up conventional solar on retired farmland is more
straightforward, but will likely be limited by such
factors as local transmission capacity or
economic incentives. Regardless, solar energy
development on both working and non-working
farmland is an important tool for confronting the
climate crisis. The faster the solar industry can
perfect systems that keep farmers on their land
and agricultural production intact—or optimized
for water sustainability—the better humanity’s
chances for preserving a livable planet.

Meg Wilcox is an environmental journalist covering
climate change, environmental health, and sustainable
food systems. Her work has appeared in The Boston
Globe, Scientific American, Next City, Smithsonian, Salon,

Eater, Civil Eats, and other outlets.
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