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Abstract

As the expansion of solar power spreads through much of the United States, members of the solar industry are
working to change how solar energy facilities are designed and presented to the public. This includes the addition
of habitat to conserve pollinators. We highlight and discuss ongoing efforts to couple solar energy production with
pollinator conservation, noting recent legal definitions of these practices. We summarize key studies from the field
of ecology, bee conservation, and our experience working with members of the solar industry (e.g., contribution to
legislation defining solar pollinator habitat). Several recently published studies that employed similar practices to
those proposed for solar developments reveal features that should be replicated and encouraged by the industry.
These results suggest the addition of native, perennial flowering vegetation will promote wild bee conservation and
more sustainable honey beekeeping. Going forward, there is a need for oversight and future research to avoid the
misapplication of this promising but as of yet untested practice of coupling solar energy production with pollinator-
friendly habitat. We conclude with best practices for the implementation of these additions to realize conservation

and agricultural benefits.
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Land dedicated to solar energy production continues to increase as
solar energy becomes more competitive with nonrenewable sources
(Anon. A. 2020). Solar developers buy or lease land accessible to
the existing energy grid; in addition to technical concerns, this need
presents other hurdles. Solar developments composed of gravel or
mowed turf grass surrounded by security fencing (Fig. 1) increase
ambient temperature (Barron-Gafford et al. 2016) and are con-
sidered unsightly by the public. These factors invoke ‘not in my
backyard’ (NIMBY) opposition to the expansion of solar into urban
or suburban areas (Larson and Krannich 2016). Resistance can also
be high in rural areas, where the removal of land for agricultural
use will have economic impacts, especially where farmers rent land
for production. Ignoring environmental and social considerations
produces unhappy communities, generates negative media attention,
increases costs, and can eventually derail solar development.

One way to counter this resistance is to add elements to solar
farms that provide additional benefits for the local community.
A novel approach is the replacement of onsite gravel or turf with
well-planned landscaping intended to add conservation or economic
value. Pollinator conservation requires adding flowering vegetation
and nesting habitat back to the landscape (Goulson et al. 2015). The
native, perennial, flowering plants of the Midwest are attractive to

both wild and managed bees (Tuell et al. 2008), and when planted in
a mixture (Gill et al. 2014), increases the abundance of pollinators
throughout the growing season. Adding flowering plants to solar
farms could provide much-needed forage for native bees which are
in decline throughout the United States (Koh et al. 2016).

The addition of native, flowering vegetation could also expand
the use of solar farms for agriculture, or ‘agrivoltaics’, in which
land developed for solar energy generation is concurrently used
for farming (Dinesh and Pearce 2016). This can include planting
shade-tolerant crops under panels or allowing certain livestock to
forage within a solar farm (e.g., sheep). Incentivizing a ‘pollina-
tor-friendly’ habitat for the conservation of nonmanaged, native
pollinators can support an agrivoltaic practice by contributing to
more sustainable beekeeping. Honey production has declined over
the last two decades (Sowell 2020), thought to be related to the
transformation of foraging habitat for corn and soybean agricul-
ture (Otto et al. 2016). Even in areas with pollinator-dependent
crops that are a floral resource for honey bees, a dearth of forage
occurs before and after crop anthesis. Providing honey bees access
to a location with plants that flower at key points in a growing
season, like when the surrounding crops cease flowering, has been
shown to be a valuable contribution to beekeeping (Dolezal et al.
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Fig. 1. Top left: a conventional solar farm with gravel substrate (Anon 2020). Bottom: mature pollinator-friendly solar farm. Top: solar farm with a honey bee

apiary (photo credit, Dennis Schroeder, National Renewable Energy Laboratory).

2019). Expanding the definition of agrivoltiacs to include bee-
keeping would add a form of agriculture that produces a product
(honey) that reveals the quantifiable benefits of the flowering plants.
While some small solar establishments may not provide sufficient
flowering resources to significantly affect honey production, others
are seeing implementation at a very large scale. For example, the
Aurora Solar farm in Minnesota spans over 1000 acres (Swinterton
Renewable Energy 2021), and 15 developments of at least this size
are currently planned or in progress in Indiana (Weaver 2021). In
addition to increased honey production, diverse sources of pollen
have been shown to improve the response of honey bees to patho-
gens (DiPasquale et al. 2013, Dolezal et al. 2019), and could help re-
duce colony losses and thus improve profitability and sustainability.

Adding pollinator habitat can appeal to communities that value
conservation or agricultural production. These two activities may be
in conflict, with growing evidence revealing that wild pollinators and
managed honey bee hives compete for resources and share patho-
gens (Mallinger et al. 2017). We have recently observed this in Iowa
prairies, where honey bee viruses are frequently found across many
bee species (Dolezal et al. 2016), and an increase in viral infections
occurred in Bombus spp. when managed honey bees were present
(Pritchard et al. 2021). To what extent this may occur at a solar
farm is unclear, especially when the surrounding landscape no longer
offers flowering resources. Ultimately, the risk of this interaction
should be considered by the project managers and the local commu-
nity. The decision to use a solar farm for wild bee conservation or
apiculture will likely vary by site and the local community’s needs. If
conservation is a goal, the potential costs to wild pollinators could
be minimized by limiting access to managed honey bees. Regardless
of which pollinators benefit, the cost of this habitat is a small portion
of the overall solar development budget with benefits that may af-
fect energy production. The vegetation may improve solar efficiency
(Barron-Gafford et al. 2016) by reducing the ambient air tempera-
ture under solar panels.

While the addition of flowering plants is an intuitive approach for
pollinator conservation and has been adopted by some solar farms
(Fig. 1), we lack empirical evidence of the impact these farms may
have on pollinator diversity, abundance, and honey bee productivity.

Despite this deficiency, we discuss several examples where habitat
was added back into agricultural landscapes, resulting in a positive
response by wild pollinators and honey bees. We recommend that
the shared basic principles of these success stories be adopted by the
solar industry, noting key aspects for future investigations to ensure
the anticipated improvements of linking solar farms to pollinator
conservation are realized.

Can solar energy increase land for pollinator conservation?
Research-based recommendations for achieving conservation goals
within working landscapes indicate a need for restoring a signifi-
cant area with communities of native plants. However, transforming
privately-owned land from agricultural production to conserva-
tion is challenging as landowners require compensation to justify
this conversion. Federal conservation initiatives, like the USDA
Conservation Reserve Program (CRP), provide economic incen-
tives for this transformation, but are publicly funded and with goals
that are broader than pollinator conservation. The CRP program
is comprised of many different conservation practice (CP) pro-
grams, including native grasses (CP2), shallow water for wildlife
(CP9), contour grass strips (CP15), filter strips (CP21), wetlands
(CP30), and various tree plantings (e.g., CP3) (U.S. Department of
Agriculture (B) et al. 2021). While several of these may provide re-
sources and habitat for pollinators, and at least one (prairie strips,
CP43) has been confirmed to increase pollinator abundance and
diversity (Schulte Moore et al. 2017, Kordbacheh et al. 2020), only
CP42 (‘Pollinator Habitat Planting’) is explicitly designed for pol-
linator conservation. As of 2020, CP42 made up only around 2% of
all CRP land (505,395 acres from a total of 21,950,920 acres) (U.S.
Department of Agriculture (C) et al. 2021). While land enrolled in
CRP peaked in 2006 at 36 million acres, it has fallen to just under
22 million acres as of 2020 (U.S. Department of Agriculture (A)
et al. 2021). This reduction has been linked to increases in corn
cultivation driven by previous incentives to support renewable fuel
production (i.e., ethanol; Hart 20135, Otto et al. 2016). Therefore,
there is a critical need for other mechanisms to facilitate conserva-
tion practices.

With many states experiencing expansions in the acreage cov-
ered by solar facilities, these have the potential to rival and exceed
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the amount of pollinator habitat added by CP42. Currently, Indiana
has at least 15 planned solar energy farms in development, each
projected to cover >1000 acres. One of these is planned to cover
approximately 4500 acres (Weaver 2021); if planted with pollin-
ator habitat, this one development will provide almost as much
habitat specifically for pollinators as the entire state’s CP42 enroll-
ment, which is at 5309 acres as of 2020. In Minnesota, the North
Star Solar project is already in place, covering approximately 1000
acres with on-site pollinator habitat (Swinerton Renewable Energy
2021). This site alone covers more than 6.5% of all CP42 plantings
in Minnesota for 2020 (14,982 acres). Thus, if even a fraction of the
land allotted to future developments can be planted with effective
pollinator habitat, these contributions could be substantial.

Habitat enrolled in CRP is valuable for pollinators, but when
commodity prices increase and crop production becomes more prof-
itable, the 10-15 yr contracts that support these practices can be
broken or not renewed (Secchi et al. 2010). Solar developers, on the
other hand, follow other energy producers (Ziegler et al. 2018) using
private capital to lease land through long-term contracts with land-
owners. This compensation can exceed that provided by public ini-
tiatives (on a per-acre basis), representing an attractive pathway to
privately-funded land conversion. To what extent solar farms will
add to publically-funded attempts to conserve pollinators is not
clear, as there is the potential to replace land in CRP with future
solar developments. If solar farms are placed within land currently
enrolled in CRP, there is the risk that there could be a net loss in
habitat for pollinators. We recommend that pollinator-friendly solar
farms not be a replacement for CRP but rather a supplement to in-
crease the amount of land available for conservation.

While solar energy is rapidly expanding (Wintle et al. 2019),
land dedicated to these developments will remain small relative to
commodity crops (e.g., corn, soybean — each projected to be planted
on more than 90 million acres of the United States in 2021 [U.S.
Department of Agriculture (D) et al. 2021]). Can small pollinator
habitat enhancements scattered through a matrix dominated by agri-
culture make a meaningful contribution? An inference drawn from
island biogeography theory is that a single large area will provide
greater conservation value than several smaller areas (Diamond
1975). However, a recent synthesis of literature spanning four con-
tinents revealed unexpected value to plant and animal conservation
in preserving or restoring small (1 ha) patches of native habitat when
surrounded by cleared or degraded areas (Wintle et al. 2019). This
provides quantitative support that the thoughtful development of
small patches of habitat, especially in regions committed to agri-
culture where little native habitat remains, can attain conservation
goals. While the impacts of pollinator-friendly solar farms are still
unknown, predictions can be made by evaluating similarly-sized
habitats containing native, perennial flowering vegetation within
agricultural landscapes.

Achieving pollinator conservation through re-integration of native
vegetation: Lessons from the Heartland. Recognition that pollin-
ators suffer from nutritional deprivation and habitat restriction has
led researchers, government agencies, and non-governmental organ-
izations to encourage the re-introduction of floral resources into dis-
turbed landscapes. Focusing on native species can reverse declines in
plant communities, reestablishing co-evolved relationships with na-
tive pollinators while providing additional ecosystem services (Isaacs
et al. 2009). For example, the tallgrass prairie ecosystem once cov-
ered the U.S. Midwest, but conservation efforts in this region are
focusing on re-integration within agricultural landscapes, leading to
increased pollinator abundance and diversity. Small patches (0.5-2
ha) of flowering perennial plants increased pollinator abundance and

diversity while also improving yields of adjacent blueberries, a valu-
able pollinator-dependent crop (Isaacs and Kirk 2010); solar-based
habitat is predicted to add to these effects (Walston et al. 2018).
Larger patches (2—4 ha) have also been integrated within commer-
cially managed corn and soybean fields through the ‘Science-based
Trials of Row-crops Integrated with Prairie Strips’ (STRIPS) project
in Towa. Despite the close proximity to conventional herbicide and
insecticide use, prairie strips increased pollinator abundance and di-
versity (Kordbacheh et al. 2020) These prairie strips increased plant
biodiversity with the addition of 55 blooming forb species within
conventional commercial farms, helping to realize multiple conser-
vation goals. Outside of the Midwest, other native habitats (i.e.,
hedgerows) added to geographic areas also conserve beneficial in-
sects (Grass et al. 2019), and could be considered if they fit the con-
straints of solar development infrastructure. The successes achieved
by these case studies can be replicated within solar farms if the
habitat under and around the solar panels is embedded with native,
perennial flowering species appropriate for the location.

However, concerns have been raised about the value of pollinator
habitat in agricultural landscapes due to the potential for nontarget
pesticide exposure. The use of pesticides within the adjacent crop
may negatively impact bees foraging on these resources (Mogren and
Lundgren 2016). Solar facilities have little or no use for insecticide
applications, though herbicides may be used to aid habitat estab-
lishment and reduce weed pressure. Further, most state scorecards
specifically deduct points for insecticide use. While solar develop-
ments may include other aspects that negatively affect habitat use,
their potential as a refuge from insecticides could be of extra value.
Future work will be necessary to see if and how much reduction
in insecticide exposure occurs when these facilities are available to
pollinators.

If solar developments implement these habitat features into
areas where intensive agriculture is practiced, they could pro-
vide important connections with existing conservation practices.
Established solar farms could be a valuable addition to existing
practices supported by CRP, like prairie strips (CP43), pollinator
habitat (CP42), and nongovernmental organization efforts to con-
serve pollinators and Monarch butterflies. By actively modifying
the habitat within and around solar farms, this addition to the
landscape could be part of a larger plan to improve habitat avail-
ability through a mixture of public and private funding, i.c., as part
of a land-sharing approach that fills gaps and improves connect-
ivity (Grass et al. 2019).

What are the administrative challenges? Currently, some US
states administer the definition of solar pollinator habitat through
a ‘scorecard’ system providing defined standards (Fig. 2, Box A).
This approach ‘scores’ habitat contributions, giving points for in-
creasingly ideal characteristics, and with enough points, earning a
development a ‘pollinator friendly” designation. In some states, this
terminology has been encoded into law, requiring scorecard content
oversight from a third party, e.g., a state university or department
(e.g., lllinois [Anon. B. 2020]). Rather than prescribing specific seed
mixes and habitat plans, this approach allows developers and land-
scapers flexibility to choose plants and arrangements appropriate for
a site’s unique growing conditions. This flexibility can ensure that
habitat enhancements are compatible with the realities of the solar
array itself (e.g., shade vs. sun, soil conditions).

Once a solar farm is built and efforts made to establish the
habitat outlined in the scorecard, success will require postest-
ablishment evaluation. Many of the plants suggested for pollin-
ator conservation (Tuell et al. 2008) often require years before
significant above-ground biomass and flowers are produced.
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A SOLAR SCORECARD OUTLINE

1.  Planned plant diversity in rows and
under solar arrays.

2. Seedsused for native perimeter
and buffer areas.

3.  Planned number of native species
in the perimeter and buffer area

4. Planned percent of perimeter and
buffer area dominated by native
plant species.

5.  Planned percentage of site
vegetation cover to be dominated
by desirable wildflowers.

6.  Planned season with atleast three
blooming native species present.

7. Habitat site preparation prior to
implementation.

8.  Other available habitat
components.

9.  Site planning and management.

10. Insecticide risk within the site and
in the adjacent landscape.

Fig. 2. A) This outline highlights categories noted in the lllinois pollinator scorecard to determine whether a solar site can be legally defined as ‘pollinator-
friendly’. Each state has different points allotted to different categories based on stakeholder input, and point values can, and should, be reevaluated as
new data become available. Solar developments include land both under solar panels and in the area surrounding them, each with different constraints. The
diversity of plants are evaluated in the ‘solar array’ 1) and ‘buffer/perimeter’ areas (2—4). Plants chosen for cultivation under panels are limited due to height and
shade restrictions; thus, plants are judged primarily on diversity and coverage with the understanding that nonnatives may be needed. The buffer/perimeter,
however, has fewer restrictions, so the scorecard incentivizes natives. For the whole site, coverage by flowers (5), flower availability throughout the growing
season (6), proper site preparation, e.g., weed control (7), availability of other benefits, like nesting habitat for wild bees and water sources (8), proper site and
administration planning (9), and insecticide use restrictions (10) are evaluated. B) Artistic rendering of a solar development in an agricultural landscape; colors

denote different components of the land referred to by the scorecard.

Cultivation of these native plants may require management to en-
sure that competition with annual, nonnative plants (i.e., weeds)
is suppressed. A best practice for confirming that the policy pro-
duces the desired outcome may require a third party to certify
that the desired score has been achieved. In Illinois, for example,
developers must complete a ‘planning’ scorecard, followed by an
evaluation of habitat establishment after 3 yr and a follow-up
evaluation every 5 yr thereafter (Illinois Department of Natural
Resources 2021). The most rigorous approach, however, would
require these progressive evaluations to be performed by inde-
pendent, certified third parties, an approach that currently faces
logistical hurdles. To make the most lasting impact, however,
these evaluations will be critical.

While habitat within a solar farm is appealing on the surface,
the real-world application will take rigor to achieve a meaningful
impact. Beyond the initial ‘score’ assigned to development, local in-
volvement will be critical for success, especially since the definition
of success may vary by community. For example, concerns about
competition between native bees and managed honey bees (and
thus benefits to conservation or agriculture) could be addressed at a
local level, with stakeholder input determining access to beekeepers.
Perhaps most importantly, installation of perennial plant communi-
ties does not occur instantly as the many native perennials require
years to successfully establish. A maintenance plan is critical to en-
sure the habitat is not degraded by invasive weeds. Ideally, those
responsible for the score-card policy should include timelines for
re-assessment to ensure if the habitat goals were achieved and con-
tinue through the lifetime of the solar farm.

Conclusions

Energy policies influence land use and biodiversity (Konadu et al.
2015); for example, incentives for biofuel production drove conver-
sion of CRP land to crop production, removing floral resources and
reducing insect-derived ecosystem services (Landis et al. 2008) and
significantly reducing resources for pollinators (Otto et al. 2016). If
energy policies can drive habitat loss, could new policies ameliorate
or reverse these effects? The continuing surge in solar energy devel-
opment could support the implementation of pollinator conservation
on privately-owned land, helping address a nationally recognized
need. For this practice to provide tangible results, cooperation be-
tween policymakers, researchers, and industry stakeholders is crit-
ical to producing recommendations or requirements that benefit
pollinators while remaining realistic within the framework of util-
ity-scale solar developments. If pollinator habitat improves public
perceptions of these facilities by tapping into widespread interest in
pollinator health, without rigorous implementation, assessment, and
independent oversight, these efforts could be seen as little more than
a form of ‘greenwashing’ that touts benefits to pollinators without
providing them.
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