
Farmer-friendly  
agrivoltaics

fossil fuels that currently result in greenhouse gas emissions. 
Some of the land management benefits from using shaded 
land underneath solar panels can also result in reduced farm 
emissions.

What are the benefits?

For the Farmer:

Financial - Farmers can generate some or all of their own energy 
to meet on-farm demands, or they can earn extra income by 
entering into agreements with energy producers. They can also 
offset their own energy costs by using excess solar power for 
running the farm.

Productivity- When solar farms were first being established, 
there was concern that this would take agricultural land out of 
production. However, there is increasing evidence that carefully 
designed agrivoltaics can actually increase farm production. 
There can be productivity gains arising from the shade that the 
panels provide, reducing ground temperature and evaporation 
as well as providing shelter for grazing livestock. 

Human welfare – Panels can protect farmworkers from harmful 
UV exposure.

For the Energy Producer:

Weed control and maintenance - Tall plants, wildflowers, and 
weeds can cast shadows and reduce the amount of power 
panels can generate, so without grazing, a significant proportion 
of operating costs is spent in weed control.

Boosting efficiency and longevity of panels - Cultivation of 
grass or other plants underneath solar panels can increase the 
efficiency of the panels and extend their useful life, because 
heat stress beneath the panels is reduced. Raising the height 
of panels increases the cost of construction, but can be 
worthwhile for the energy producer if the cultivation or grazing 
activity reduces the cost of weed control. 

For both:

Bushfire risk reduction – A grazing regime on a solar or wind 
farm reduces the risk of bushfire.

Example of benefits to both – soybeans and solar: In 
2023 Cornell University researchers reported research 

Why is this of interest to farmers?

As Australia expands its generation of renewable energy, 
farmers are increasingly likely to be approached about use 
of their land for solar or wind farms. There is the potential for 
agriculture to operate in conjunction with energy generation, 
but there are significant pitfalls to be avoided. Any joint use of 
land should be managed through a clear contract that spells 
out the responsibilities of the farmer and the power producer. 
Without this, there are risks that farmers could be worse off.

Experience to date has shown that sheep grazing and energy 
generation can be a good fit, probably best achieved if the 
energy producer buys the land and offers free of charge grazing 
to the farmer. However, there are some pitfalls even in these 
arrangements, and a grazing contract needs to be put in place.

Where energy producers propose joint venture agrivoltaics 
projects with farmers, full account needs to be taken of the 
timelines for getting projects approved, the disturbance to 
farming operations during construction, maintenance and 
removal or replacement activities, as well as the possible loss of 
farm productivity and land value in the short and longer term.  
At a much smaller scale, some farmers may be able to gain 
benefits from establishing their own agrivoltaics systems to 
help with meeting their own power needs. 

What are agrivoltaics?

Agrivoltaics is a term that describes production of renewable 
energy on agricultural land in combination with continued 
farming activity. Grazing has long been combined with wind 
farms and this is increasingly the case with solar farms. If panels 
are raised high enough, both grazing and cultivation could be 
undertaken, sometimes with better results than on an ordinary 
paddock.

How do agrivoltaics reduce emissions?

Enabling greater production of renewable energy can reduce 
greenhouse gas emissions from use of fossil fuels in powering 
the electricity grid. Some farmers may develop their own small 
scale agrivoltaics systems for on-farm use. For larger systems 
being developed by energy providers, agreements with farmers 
may also provide for a certain proportion of the renewable 
energy to be used on-farm, to replace the farm’s own use of 



findings that soybeans planted beneath 3.9-metre-high solar 
modules can positively affect panel temperatures and the 
microclimates of farms. They investigated the effects of panel 
height, light reflection, and how much water is evaporated 
(evapotranspiration) in a PV site. Compared with a solar farm 
mounted at 0.5m above bare ground, the temperature of 
the panels was reduced by around 10oC, with greater solar 
conversion efficiency of around 5%. This is expected to improve 
the solar module lifespan. 

Evidence and research
Agrivoltaics with sheep

Most of the available research data on agrivoltaics comes from 
North America and Europe, but there is increasing evidence 
in Australia. The economic benefits of sheep grazing within 
agrivoltaic systems is indicated by the way that some large 
scale energy companies in the USA are now managing large 
herds of sheep within their solar farms, with a clearly positive 
return on investment. 

Australia

The first solar grazing project in Australia dates back to 2015, 
and over the following five years a further 12 large scale solar 
farms grazing sheep have been established, in Victoria, New 
South Wales and Queensland. 

The 128MW Numurkah Solar Farm in northern Victoria has 
replaced its ground maintenance regime, which typically 
involved seven weeks per year of mowing, with a herd of 2,000 
sheep agisted on a fee-free basis by local farmers.

Global company Enel Green Power (EGP) began trialling 
agrivoltaics at its Cohuna Solar Farm, Gannawarra, Victoria in 
2021. The company planted low-height plants and used the 
land around the panels for sheep grazing and lamb pasturing, 
meaning the sheep kept vegetation at bay and prevented 
wildlife from encroaching on the panels.

USA

Research on a California sheep farm with 60% solar panel 
coverage found that the sheep spent 70% of their time under 
the panels and grazed 8% more on the grass growing under 
the panels. They spent 71% more time resting, and 16% less 
time standing idle (an indicator of poor wellbeing) than sheep 
in a control area. This research was carried out during the late 
autumn to winter period when temperatures average 17.5oC.

France

French developer Valeco deployed an agrivoltaic installation on 
a fodder field and found it offers benefits for the quality and 
quantity of the crop, as well as for sheep grazing under the solar 
panels. Spacing of panels was 2-4m. Researchers investigated 
how the presence of solar panels affects the quantity and 
quality of fodder growth and how sheep behave in an agrivoltaic 

environment. The shade provided by the solar panels made 
it possible to protect the meadow from extreme climatic 
conditions, smoothing the annual curve of grass growth. Valeco 
found that the grass formed little or no seed heads under the 
panels, which made it more digestible for the animals and 
allowed it to maintain good nutritional quality for longer. Autumn 
growth was unaffected by the panels. The trial showed no 
negative impact on sheep grazing, as sheep took advantage of 
the protection of the panels to rest, especially in summer when 
they sought shelter from heat or rain.   

Agrivoltaics with Cattle

While there appear to be some clear benefits for grazing sheep 
under solar arrays, there are mixed views about how the system 
could accommodate pasture based cattle. In particular, larger 
animals have greater potential to damage the framework 
supporting the panels, using the frames as scratching posts. 
There are also increased costs arising from raising the height of 



the panels. Research is ongoing to develop workable systems 
for solar grazing of cattle.

Australia - A trial in Tamworth reportedly has cattle grazing 
under panels 2.4m above ground. 

France - There have also been extensive trials in France with 
collection of water from panels being stored for use in irrigation 
as needed, or for use in “foggers” that are activated when 
smart collars worn by cows indicate heat stress. A 12m wide 
spacing between posts has been applied, enabling re-sowing of 
pastures in these areas. 

Agrivoltaics with crops

A new development in agrivoltaics is where design for 
efficient energy production is secondary to optimal design for 
agricultural productivity. This has been going on for some time 
but not much research has been carried out into appropriate 
design for crop production in Australian conditions. 

There is extensive overseas experience in growing crops under 
solar arrays, indicating better yield and more efficient water 
use for various crops including tomatoes and broccoli. There 
has been some success with berries and nut trees under more 
elevated panels, but poor results from growing cereals. 

Europe - A north-south orientation with angles varying 
between -70oC and +70oC appears optimal for some crops 
in Northern European conditions, with the spacing between 
panel arrays designed for tractor access. Tracker technology 
can be used to rotate panels so that crops are protected from 
frost in winters and from intense sunlight in summer. The 
French Government is prioritising systems that increase farm 
productivity, and offers a premium price to energy producers 
who team up with farmers in this way.

A pilot study in France was conducted with rotating solar blades 
fixed to cables 5m above soybean cultivation, with a focus on 
mitigating the impact of increasingly hot and dry summers. 
A number of different soybean varieties were grown across 
an area of 3 hectares. The panels reduced soil temperature at 
a depth of 30cm by 3.5oC. Increased above ground humidity 
resulted in less water stress than that experienced by plants in 
the control area. Increased yields of 19-35% were observed.  

USA - Lightstar Renewables is a Boston-based solar developer. 
Lightstar has been partnering with the American Farmland 
Trust on a roll out of agrivoltaic projects. Lightstar is offering 
seed for new crop varieties (such as pumpkins) and vegetation 
management support to farmers, especially targeting those 
nearing retirement.

Iowa State University has started a long term research project to 
assess the return on investment from raising bees, vegetables, 
fruits and pollinator habitat within a small solar farm.

Agrivoltaics with greenhouses

France – French agrivoltaic specialist Sun’Agri installed panels 
above a 2500m² greenhouse in Granges-sur-Lot which grew 
tomatoes, cucumbers, eggplants, peppers, celery, fennel, 
spinach, lamb’s lettuce and green beans. The increase in the 
average temperature in greenhouses (30oC in spring and  
40oC in summer) caused burns on flowers and acceleration of 
the development of new pests. Micro-meteorological sensors 
were placed at different heights of the plants to measure 
air temperature, humidity, wind, and radiation. After a year, 
results showed 60% higher yields under the panels compared 
to a reference area without modules. Furthermore, eggplants 
harvested under panels had better plant development. After two 
years there was found to be less pressure from pests such as 
aphids.

Agrivoltaics with native vegetation

Research from Europe has shown that large solar farms can 
benefit from enhancing the diversity and abundance of plants, 
grasses, butterflies, bees and birds. Vegetation between solar 
panel rows can also provide travel corridors, nesting sites and 
shelter for wildlife. To achieve these benefits, solar farms should 
be connected to other habitat areas. Other benefits can include 
improved efficiency of energy production as well as increased 
pollination and natural pest control, erosion prevention, reduced 
mowing and pesticide use, and increased soil quality. 

Latest developments in farm production  
with agrivoltaics

USA – A study from the University of California, Davis, has 
shown the benefits of filtering blue light waves to generate solar 
power and red light waves to grow fruits and vegetables. Solar 
panels and biomass don’t compete for the same available light, 
as both use different frequencies of the visible light spectrum. 
Red photons don’t create heat, and applying red light waves to 
plants increases photosynthesis and carbon assimilation while 
lowering transpiration (therefore using less water). This may 
give rise to a new generation of organic solar cells, derived 
from carbon-based compounds. The translucent cells can be 
applied as a film onto various surfaces, including glass. This is 
one of several new innovations that are likely to accelerate the 
adoption of agrivoltaics in future.

Europe - The European Symbiosyst Project is looking at how 
to adapt mounting structures and maintenance regimes 
to the needs of different crops in different climates, while 
minimising their impact on rural landscapes. This may include 
use of coatings that convert UV light into photosynthetically 
active radiation (OPAR) to improve crop growth. It will also 
look at optimising tracker systems more than 2.1m high using 
weathering steel which turns brown over time, reducing visual 
impact on the rural landscape.



Positioning of Panels

The ways that agrivoltaics can best be configured for farm 
productivity will be determined by regional climatic conditions 
as well as the type of farming involved. However, in all cases, 
consideration needs to be given to:

•	 height of solar panels (enabling different types of farming 
beneath the panels)

•	 angle of solar panels, ranging from horizontal to vertical 
fixed panels or rotating panels (designed for energy 
capture but impacting on light infiltration and rainfall 
distribution)

•	 the spacing between rows of solar panels (enabling 
equipment to move between the solar arrays)

•	 use of water collected from drip lines off solar panels (for 
storage redistibution, for example).

Bifacial panels offer some advantages for solar panels raised 
above the ground, especially if these are rotated or vertically 
positioned. These panels are able to generate electricity from 
both sides of the panel, and above ground panels can capture 
reflected sunlight from the ground. They are more expensive 
than conventional solar panels but the cost may be offset by 
increased power generation.

Research and evidence  
on panel design
USA – Scientists at Colorado State University investigated how 
the redistribution of rainfall and light caused by agrivoltaic 
systems mounted on single-axis trackers can affect the growth 
of non-irrigated grassland. The panels are mounted on single-
axis trackers, one-third of them at 2.4 m height, and the other 
two-thirds at 1.8 m. The solar array has been designed to 
maximise energy production so the spacing between rows 
of panels is minimal. The ground on the drip edges of the 
solar modules received 2-5 times the amount of precipitation 

than grassland outside the solar array, but this did not always 
produce greater grass growth, as it was sometimes associated 
with areas of higher temperature. The drip edge with greater 
shade (such as for half the day) received less water but 
produced more grass. Also, leaves under the solar array were 
found to be 4o cooler than those exposed to the sun, but lack 
of moisture in these shaded areas resulted in 9% less grass 
production. Spacing the solar arrays to around 15 metres apart 
was thought to be optimal in this climatic area, enabling up to 
6% increase in annual grass production. 

A mix of 70% E-W vertical panels and 30% south facing panels 
has been found to be optimal for energy production efficiency 
in California, and the simpler framing offers greater flexibility to 
make changes over time. Possible benefits for farmers in some 
areas would be more light reaching the ground and more even 
distribution of rainfall. However, the intensity of solar radiation 
reaching the ground can be reduced significantly, even in a 
typical vertical PV system, and there may be benefits in wind 
protection. This is thought to be a more favourable configuration 
for production of cereal crops, which have not been found to 
benefit from cultivation under conventional solar arrays.

Two Australian wine makers were interviewed about their own 
small scale agrivoltaics systems, designed to provide for on-
farm power needs. Dual access bifacial systems appeared to be 
favoured, combined with sheep grazing underneath and around 
the panel structures. It was recognised that as leaders in this 
field there were risks that mistakes would be made, but these 
were offset by the learnings that placed them in a competitive 
position moving forward. The recorded interviews are at https://
agrifutures.com.au/resource/sustainable-farming-using-solar-
energy/

How can I introduce agrivoltaics? 

Some corporate farms may have sufficient capital resources to 
establish their own small solar farms (for example, producing 
around 1MW), but for most farms it would only be possible to 
be involved through an arrangement with an energy provider. 
Typical solar farms produce around 5MW, which might require 
an area of between 10 hectares and 35 hectares of reasonably 
flat, well-drained land (depending on solar exposure). Sites with 
good access to the power grid are likely to be preferred.

Farmers with suitable land may be approached by an energy 
producer, or they may look for a possible partnership. There 
is also a future possibility for farmers’ associations to broker 
agreements between energy producers and farmers, as has 
occurred in the USA.

If there does appear to be a mutual benefit in introducing 
agrivoltaics, implementation may take several years. Regulatory 
approval, legal arrangements and construction require a lengthy 
process and legal agreements are likely to be binding on the 
farmer for 20 or more years, which may restrict the farmer’s 
future options. Below is a checklist of considerations, including 
pitfalls to be avoided.

https://agrifutures.com.au/resource/sustainable-farming-using-solar-energy/
https://agrifutures.com.au/resource/sustainable-farming-using-solar-energy/
https://agrifutures.com.au/resource/sustainable-farming-using-solar-energy/


Checklist  

	9 Time - Establishing agrivoltaics requires a 20-40 year 
commitment. With this in mind, farmers might consider 
allocating areas that are marginal in terms of current 
productivity rather than allocating their best agricultural 
land. 

	9 Contracts - Long term contractual arrangements need to 
make provision for farm sale or inheritance over the contract 
period, as well as bankruptcy or project abandonment by the 
energy producer.

	9 Exclusivity - A letter of intent may be an initial agreement 
requiring that the farmer deals exclusively with one energy 
provider, preventing the farmer from shopping around for 
the best deal, and requiring confidentiality. A 2-5 year time 
limit often applies, but farmers may benefit from a more 
limited timeframe.

	9 Downpayment - A subsequent option agreement may bind 
the farmer to a proposal so long as regulatory approvals and 
finance is forthcoming. A payment to the farmer is usual 
at this stage (lump sum or annual), and this needs to be 
sufficient to compensate the farmer, bearing in mind that it 
could take several years before the project can go ahead.

	9 Insurance & legal costs - During the option period, the 
developer may require access to the whole of the farm 
property, and the liabilities of the developer and the farmer 
need to be clarified (storm damage to equipment, damage 
to property, etc.). The farmer could require compensation 
for any additional insurance costs, as well as legal costs 
associated with contractual negotiations.

	9 Mortgage approval - The farmer may also need to get 
approval from any mortgager, and this may need to be a 
condition of the option agreement. The farmer also needs 
to consider whether the solar farm will be an impediment to 
securing additional mortgage finance in future.

	9 Community support - The farmer may be best placed to 
know if there is likely to be community or neighbour support 
for the project, and how this might affect the prospects for 
regulatory approval. Maintaining good local relationships 
may help.

	9 Design - The farmer may want input into the design of 
the solar array at an early stage, to minimise annoyance to 
neighbours, livestock or wildlife (such as glare or noise) as 
well as to maximise productivity co-benefits (for example, 
height and angle of panels, spacing between rows of panels 
to provide for equipment access, fencing configuration, site 
access for maintenance). If the height or other configuration 
of solar panels is designed to suit the farmer without 
increasing energy production, and this results in further 
increases to capital costs, then the benefits of increased 
farm productivity may need to be reflected in the financial 
arrangements. Raising panels to enable farming practises 
can add 20-60% to capital costs. There is insufficient 
experience in Australia to suggest how this should be 
calculated. However, it might be expected that the energy 
producer would meet all of the capital costs, and the annual 
payments by the energy producer to the farmer would be 
adjusted according to the likely productivity benefits.  



	9 Site selection - Selection of the site for the solar arrays 
will factor in solar access, proximity to the power grid 
infrastructure, minimal slope, soil characteristics and 
drainage. However, the farmer may also have siting priorities 
that ensure the solar array fits into the farming regime, and 
these should be made clear. 

	9 Preparation - If the project gets the go ahead, the farmer 
may need a period of notice to remove crops and livestock 
to enable construction to commence. The farmer may 
want to place requirements on the construction process 
to minimise loss of soil, disruption to drainage and 
groundwater, and ground compaction. 

	9 Lease - The contractual arrangements might involve the 
energy producer leasing the relevant part of the farm with 
rights of access, but other joint management arrangements 
may be possible.  The lease rate per hectare should be 
higher than conventional lease rates due to the long-term 
commitments and impact on farmland. If the energy 
producer leases the land but provides access to the farmer 
for grazing or other production, the payments to the 
farmer need to take account of the potential damage to 
the farm and loss of productivity in the pre-construction, 
construction and decommissioning stages, as well as the 
long term restrictions on farm activities.

	9 Inflation - In a joint venture agreement, the farmer might 
receive a portion of the energy produced, and/or a portion 
of the value of the energy sold off-farm. All payments, 
including lease payments, should be indexed to take account 
of inflation.

	9 Responsibilities - The energy producer is typically 
responsible for panel cleaning and maintenance, and the 
farmer may be responsible for the agricultural component, 
but these responsibilities and liabilities need to be spelt out.

	9 Compensation - The developer may have the option to 
decommission the plant early and/or to make changes to 
the panel arrays, which could create additional disruption 
to farm operations, so adequate compensation needs to be 
included in contractual agreements.

	9 Bond - A performance bond can be required so that if the 
solar developer becomes bankrupt, abandons the site, or 
fails to restore the site within the required time after the 
solar array is decommissioned (typically 12 months), there 
are funds available for restoration. 

	9 Grazing agreement - If the energy producer purchases the 
land from a farmer, then an adjoining sheep farmer may be 
provided with free agistment and no capital cost. This may 
be the simplest form of joint operations, but there still needs 
to be formal grazing agreements to protect the interests 
of both parties. As an example, standardised grazing 
agreements in the USA sometimes specify the maximum 
height of grass that farmers need to achieve through the 
grazing activity, and the liabilities for damage to livestock or 
infrastructure are spelt out.

	9 Financial return - Depending on the pricing of energy, 
with inbuilt contingencies to cover risks, it is likely that solar 
farming energy producers can achieve an annual return on 
capital investment of around 20%, based on conventional 
ground mounted arrays. Raising the arrays to enable sheep 
grazing underneath is not likely to reduce these returns, 
given that grazing results in reduced maintenance costs, 
and cultivated pastures increases the efficiency of output.

	9 Decommisioning - Some components of infrastructure may 
be left in the ground, and the farmer needs to be informed 
about this at the outset.
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