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Overview

Agrivoltaics in Western Australian Vineyards

This project explores how agrivoltaics—combining solar energy generation with agricultural production—
can work in Western Australia’s viticultural systems. At a commercial vineyard — Plume Estate — in the Perth
Hills, solar panels have been installed above grapevines to test how elevated solar arrays interact with
vineyard microclimates, vine performance, grape yield and quality, and on-farm energy production.

By monitoring soil conditions, climate, vine growth, yields and solar outputs, the demonstration is building
real-world evidence on whether agrivoltaics can help growers manage increasing heat and water stress
while maintaining productive vineyards. The site also allows researchers and industry partners to assess the
economic feasibility, system design considerations, and practical frade-offs of integrating solar into existing
farm operations.

Delivered in Western Australia through the South-West WA Drought Resilience Adoption and Innovation
Hub, in partnership with growers, industry and researchers, the project is part of a national effort to
understand how agrivoltaics could support farm resilience, energy security, and sustainable production
across Australia’s wine and horticulture sectors.

This explainer draws on the scientific perspectives shared by The University of Western Australia researcher
Dr Caitlin Moore during a public webinar on the agrivoltaics demonstration at Plume Estate. The webinar
explored the project, “Plant production agrivoltaics across southern Australia” and looked at how solar
energy production and agriculture can work together for resilience, productivity, and sustainability. Six
speakers, including Dr Moore, shared insights from the Plume Estate vineyard trial, explored global
examples, and discussed agrisolar opportunities in other agricultural industries. To watch the full webinar,
visit: hitps://hub.gga.org.au/agrisolar-opportunities-for-wa-farming-webinar/.

For more information about the project, visit: https://hub.gga.org.au/plant-production-agrivoltaics-across-
southern-australia/.

This study is part of the “Plant Production Agri-Voltaics” project led by the University of Melbourne, funded
by AgriFutures. In Western Australia, the project is coordinated by the South-West WA Drought Resilience
Adoption and Innovation Hub (SW WA Hub), in partnership with Plume Estate, Sunrise Energy Group, and
the University of Western Australia (UWA), and receives funding from the Australian Government's Future
Drought Fund.

The University of Western Australia uwa.edu.au

Agrivoltaics and the Microclimate: Farming Under Solar Page 1


https://hub.gga.org.au/agrisolar-opportunities-for-wa-farming-webinar/
https://hub.gga.org.au/plant-production-agrivoltaics-across-southern-australia/
https://hub.gga.org.au/plant-production-agrivoltaics-across-southern-australia/

What is agrivoltaics?

| Agrivoltaics is the practice of farming underneath solar photovoltaic arrays.

Agrivoltaics is the combination of photovoltaic electricity production and agricultural activities on the
same area of land.

Agrivoltaics enables electricity creation on farm and provides environmental credential benefits for
producers, aspects that are rapidly gaining importance.

Current agrivoltaics solutions are mostly in the form of ‘solar grazing' of sheep among panels of solar farms,
or the installation of solar panels on ‘unproductive’ land.

In this project, we use the term plant production agrivoltaics for the purposeful integration of photovoltaics
into plant production systems.

This is designed to unlock significant co-benefits for crops, such as:

e The creation of an advantageous microclimate
e Protective shading and protection of crops from extreme weather events — such as the increasingly
frequent and severe heatwaves or hailstorm events threatening high value crops such as grapevines.

The integrated crops can also keep the solar panels cooler, which makes photovoltaic energy capture
more efficient.

References and suggested further reading:

Barron-Gafford G, Pavao-Zuckerman MAP, Minor RL, Sutter LF, Barnett-Moreno |, Blackett DT, Thompson M,
Dimond K, Gerlak AK, Nabhan GP, Macknick JE (2019) Nature Sustainability 2, 848-855.
https://doi.org/10.1038/541893-019-0364-5

Clean Energy Council (2021) Australian guide to agrisolar for large-scale solar: for proponents and farmers.
https://assets.cleanenergycouncil.org.au/documents/resources/reports/agrisolar-guide/Australian-guide-
to-agrisolar-for-large-scale-solar.pdf

Colby C, O'Brien V, Colby B (2022a) Alternative energy opportunities for rural industries. Short report 1: What
is alternative energy technology. AgriFutures. https://agrifutures.com.au/wp-content/uploads/2022/08/21-
149.pdf

Colby C, O'Brien V, Colby B (2022b) Alternative energy opportunities for rural industries. Short report 2 Solar
PV systems. AgriFutures. Fraunhofer Institute (2024) https://www.ise.fraunhofer.de/en/key-topics/integrated-
photovoltaics/agrivoltaics.html.

Net-Zero Australia (2025) https://www.dcceew.gov.au/sites/default/files/documents/net-zero-report.pdf
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How are agrivoltaics installed?

Agrivoltaics may be installed in a few different configurations:

e Traditional Utility Configurations
e Alternative Configurations

Traditional Utility Configurations

Utility-scale setups are where the landscape is optimised for energy production and solar systems are
arranged in rows.

Within these systems, we can explore ways to grow crops, raise livestock, or even rehabilitate ecosystem
services by planting native species and other vegetation beneath the panels.

The panels and vegetation can enhance the microclimate, creating better growing conditions for plants
and providing shade and shelter for grazing livestock.

Traditional utility-scale configurations

Crop Production Animal Husbandry Ecosystem Services
Vegetation grown in
between and
undemeath
panels

Grazing in
between and
undemeath panels

NREL (2022)

Alternative Configurations

Another way to think about agrivoltaics is not just how farming can work under solar panels, but how solar
panels can be integrated more effectively into farming systems.

In the traditional utility-scale configurations, the solar arrays are spread across the landscape without
consideration for machinery access like harvesters. Alternative configurations take this into consideration.

We know cattle can be more destructive than sheep, so raising the panels higher may be necessary in
grazing systems with cattle. Panels can also be vertically oriented or lifted to allow harvesters and other
machinery to move underneath.
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The final example shows solar panels integrated into greenhouses, where they can filter sunlight and create
a more suitable growing environment for delicate crops that are increasingly vulnerable to intense solar

loads.
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Greenhouse Solar

Tracker
Stile
Mount

Alternative configurations

NREL (2022)

Diagrams from: NREL (2022) https://www.nrel.gov/news/detail/program/2022/growing-plants-power-and-

partnerships
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Agrivoltaics benefit the microclimate

Microclimate changes under agrivoltaic systems. In a natural ecosystem, the sun delivers energy to the
land surface, creating a net daytime surplus of energy. This energy surplus is balanced by heat fluxes, which
cool the land surface.

These heat fluxes are sensible heat - the convective temperature released from a surface/object, and
latent heat - the energy dissipated via water vapour exchange at the land surface.

In Diagram A, below, sensible heat is shown as red arrows while latent heat is shown as blue arrows.

The final flux depicted in diagram A (orange arrows) is ground heat flux, which represents energy that
enters the land surface through the sail.

When we clear the land and place a solar panel above the land surface, we change the energy
dynamics of that landscape.

In Diagram B (overleaf), evapotranspiration is reduced because less plant material is available fo
evaporate and transpire water into the atmosphere.

As aresult, the proportion of sensible heat increases, which is why Diagram B shows relatively larger red
arrows compared to blue ones.

The solar panels can also frap sensible heat beneath them, creating a cycling of convective heat that can
negatively affect the operational efficiency of the panels and make the microclimate underneath quite
hot.
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In Diagram C, plants are reinfroduced beneath the panels. This changes the thermodynamics again.

The panels provide shade, and the plants contribute evaporative cooling. This increases
evapotranspiration - shown by the larger blue arrows - which helps cool the underside of the panels.

In this way, the plants help create a microclimate that benefits the solar arrays’ operational capacity, while
the arrays can create a more favourable environment for plant growth underneath them.

Q* + QF = Qum + Qe + AQs + AQev (Wm)

* = net all-wave radiation (solar and terrestrial)
Ry @Qr the anthropogenic heat flux,
1' Qu the sensible heat flux (atmospheric heating),
‘I Qe the latent heat flux (or evapotranspiration),
1 Qs the net storage heat flux,

%, Qevis the energy transferred through
energy production

Barron-Gafford et al. (2019)

Diagrams from: Barron-Gafford et al. 2019 https://www.nature.com/articles/s41893-019-0364-5
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Insights from Western Australia

We're working to gain local insights info how microclimates change under solar farms.
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Above is an example from an array installed in Western Australia showing the different energy fluxes: blue
for net incoming energy, green for latent heat flux, red for sensible heat flux, and an additional measure for
ground heat flux (the energy entering the soil). We can see significant differences between the energy
dynamics under the panels and those outside them.

Understanding these differences helps us determine which plants are likely to grow most effectively

beneath solar arrays and how we can use these systems to achieve co benefits of plant production and
energy generation in farming systems.

Images and graphs courtesy of Callum Synott, MSc at UWA, 2022

The University of Western Australia uwa.edu.au
Agrivoltaics and the Microclimate: Farming Under Solar Page 7



Commercial trial site: Plume Estate

The project explores how agrivoltaics—combining solar energy generation with agricultural production—
can work in Western Australia’s viticultural systems.

At a commercial vineyard — Plume Estate — in the Perth Hills, solar panels have been installed above
grapevines to test how elevated solar arrays interact with vineyard microclimates, vine performance,
grape yield and quality, and on-farm energy production.

By monitoring soil conditions, climate, vine growth, yields and solar outputs, the demonstration is building
real-world evidence on whether agrivoltaics can help growers manage increasing heat and water stress
while maintaining productive vineyards.

The site also allows researchers and industry partners to assess the economic feasibility, system design
considerations, and practical trade-offs of integrating solar into existing farm operations.

Delivered in Western Australia through the South-West WA Drought Resilience Adoption and Innovation
Hub, in partnership with growers, industry and researchers, the project is part of a national effort to
understand how agrivoltaics could support farm resilience, energy security, and sustainable production
across Australia’s wine and horticulture sectors.
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About the researcher: Dr Caitlin Moore builds and maintains instruments that measure ecosystems and how

they interact with and respond to the climate. Her interest in ecosystems and climate interactions is what
led her to agrivoltaics.

tern °

Ecosystem Research

Infrastructure

Image: examples of some of the instrumentation that Dr Moore works with, particularly eddy covariance
flux towers and other tools that measure carbon and water cycles and the microclimate that ecosystems
experience on daily, seasonal, and annual fimescales.
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This study is part of the ‘Plant Production in Agri-Voltaics' project led by the University of
Melbourne, funded by AgriFutures. In Western Australia, the project is coordinated by the South-
West WA Drought Resilience Adoption and Innovation Hub (SW WA Hub), in partnership with
Plume Estate, Sunrise Energy Group, and the University of Western Australia (UWA), and receives
funding from the Australian Government’s Future Drought Fund.
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