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Many people across the renewable This guide has been developed to .

energy and agriculture sectors share knowledge and learnings from o o oo

contributed to the content in this agrisolar practices around Australia 11  Introduction

guide. The Cleqn Energy Cour!cn is ver)ar)ql the world, to assist proponents of 1.2 Whatis agrisolar?

grateful for the time and expertise they utility-scale solar, and the landholders e

contributed. and farmers who work with them, to 1.3 Compatibility of
solar and agricultural

We would particularly like to thank integrate agricultural activities into

the companies and farmers who solar farm projects. production
contributed their insights to solar As solar grazing is the dominant form o

grazing in Australia, including farmers ¢ o qrisqlar for utility-scale solar, this e e

Eddie Rovers, Tom Warren, Damien 4 i4e has a strong focus on sharing 2.1 Introduction

Sexton, Peter Cheal and Cr Ken Keith

the knowledge and learnings from 2.2 Bene ts of solar grazing

OAM, and organisations Akuo Energy,
BCJE Australia, Beon, Bouygues

Australian projects that have integrated
solar grazing practices to date,

Construction Australia, Canadian Solar, S € ¢ o o
providing:

Downer, Enel Green Power, Energy _ 31 Considerations for

(VWDWH (6&2 3DFL+F )5 9casestydies frepsolar farms proponents

Gransolar, Impact Investment
Group, Maoneng, Neoen, Octopus +
Investments, University of Queensland,

currently employing solar grazing i i
3.2 Considerations for
LQIRUPDWLRQ RQ WKH EHQig#M¥é¥ RI VRODU

grazing for proponents and farmers 3.3 The grazierproponent

relationship
.’ f. " L

and UPC\AC. In addition, the Clean
Energy Council would like to thank Lisa*®
Stiebel (Neoen) whose initiative and

practical guidance for both farmers
and proponents considering solar

support helped bring this guide to life. grazing (see Sections 2 and 3).

The Clean Energy Council acknowledged further aim is to contribute to the

the support and expertise of our local knowledge of trends and research
international counterparts SolarPower from international markets about a
(XURSH )UDXQKRIHU ,Q VarderrRngepf parisoleRmodsls
Energy Systems and the American Sola#hich could be considered for the .
Grazing Association. Australian context. An overview of these
practices are discussed in Sections 1
and 4.

4.1 Ground mounted pv
4.2 Solar greenhouses
4.3 Elevated pv systems

te €

We are also grateful to the many
people and organisations who provided
advice and feedback including the
IDWLRQDO :LQG )DUP &RPPLVVLRQHUZV
2I1tFH $JULFXOWXUH 9LFWRULD WKH
4XHHQVODQG )DUPHUV )HGHUDWLRQ

6: )DUPHUV 16: 'HSDUWPHQW RI
3ULPDU\ ,QGXVWULHYV )DUP 5HQHZDEOHYV
Consulting, Realliance and Wynergy.

JURQW FRYHU SKRWR 6KHHS DW )LQOH\ 6RO
UHVW LQ WKH VKDGH RI V
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< When the solar farm comes to the end Appendix 2,
of its life, will the land be returned to the page 43
way it was before?

‘KDW DUH WKH EHQH*WYV RI g@%&li‘-g”?%lr‘e‘i GLItFXOW LV LW IRU WagpendieQ G WR
an

What is agrisolar? page 6

be restored after a solar farm is page 43
E decommissioned?
%o %0
What crops grow under panels? Box 5, page 12 :KDW DUH WKH EHQH+WYV RI page L0WRODU
What is the effect on the crops Box 4, page 11  What is the most common form of page 14
under panels? agrisolar for large-scale solar?
What agrisolar and crop innovation Box16 and17, What crops are compatible with pages
is happening in Australia? pages 36 and 37  Solar farms? 6,12 and 30
R What agrisolar innovation is happening Boxes 15 - 17,
in Australia? pages
:KDW DUH WKH EHQH+WYV RI pbagelbQJ RQ 33, 36 and 37
a solar farm?
Which sheep breeds are suitable? page 24
:KDW DUH WKH EHQH+WYV RI yY&eDBU JUD]
Can | graze cattle or goats? page 14 _ y
and Box 6, What do I need to consider to incorporate pages
page 17  9razing? 21-23
Can | access the sheep whenever I needto? ~ page 25  Can solar grazing be introduced on page 21
an existing solar farm?
Does solar grazing impact sheep wellbeing? page 26
What changes need to be made to an pages
How do | muster around solar panels? page 26existing solar farm to make it compatible 22 and 23
Can | approach a solar farm proponent page 27 for grazing?
about grazing on their farm? :KHUH GR , +QG D JUD]JLHU" page 27
What should | do if a proponent page 27 What should be included within an page 28
approaches me about grazing? agreement with a grazier?

K\ FDQ2W VRODU IDUPV D YApheBdikRUPLQJ
land altogether and be located in remote page 42
locations away from communities and

farming activities?

'R VRODU IDUPV FDXVH D ©WKppErdixRVODQG HIIHFW=a"

page 42
'R VRODU IDUPV LQFUHDVHApMeHix2UH ULVN LQ RXU
community? page 43
Do solar farms cause glint and glare? Appendix 2,

page 43




Since the early days of the renewable energy
sector in Australia, project proponents and
farmers have worked hand-in-hand to harness
the power of the wind and sun.

BURSRQHQWY KDYH EHQH+WHG IURP DFFHVV WR FOI
WUDQVPLVVLRQ QHWZRUN DQG UXUDO ODQGKROGH
to supplement their agribusiness income and ride through the ups and downs of
commodity cycles and weather events.

With the emergence of utility-scale solar in Australia in the mid-2010s, which
has a more dense footprint than wind farms over a smaller area, there is growing
interest in exploring and promoting new models for complementary solar energy
and agricultural production.

$JULVRODU KDV TXLFNO\ WDNHQ RII LQ $XVWUDOLD
is now the predominant form of land co-use, both here and internationally. This
guide has been designed to share the learnings of the solar grazing experience to
date to encourage more proponents and farmers to take up the highly successful
practice.

Importantly, however, the guide also aims to accelerate our understanding of the
immense opportunities for solar projects to support a wide range of other food

DQG +tEUH JURZLQJ DFWLYLWLHY DQG ELRGLYHUVLW
viticulture to cropping and beekeeping.

We look forward to the partnership between the clean energy and farming
sectors going from strength-to-strength as we embrace new, innovative ways
to maximise land productivity in Australia and support the long-term success of
renewable energy in regional communities across the country.
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Since the mid-2010s, Australia has seen the development of many solar
farms in regional areas, re ecting the sharp fall in the cost of solar
photovoltaic (PV) technology, making it now the lowest-cost form of
electricity.

As the sector grows, there is increasingWhere solar farms are proposed and  With the deployment of large utility-
interest in exploring and promoting developed, there is increasing interest scale solar farms commencing in

new models for complementary solar in exploring the opportunities for Australia from around 2015 onwards,
energy and agricultural production. complementary agricultural activities  the local experience of agrisolar
This coupling is known by a range ZKLFK FDQ EHQHxW IU R Prabtic@Xi$lHevefpiny &nid

of interchangeable terms including valuable characteristics of solar arrays, currently dominated by the practice
©DJULVRODU?2 XVHG LQ iwlkding: JXLGH of sheep grazing on solar farms. The

$39 aUVW NQRZQ $XVWUDOLDQ !
implement agrisolar practice was the

Utility-scale solar (generally considered sun, rain, hail and wind) A D 0OD 6.R ODU )DUP ZKLFK
. sheep in 2015. Since then, there have
to be greater than 5 MW) typically

UHTXLUHY DEEHVV WR UH OQ#W(E'W—{%T QchWms for peen over a doz_en solar.farms that have
introduced grazing, and it has proved
or gently sloping land in sunny

to be an effective partnership for both

©DJULYROWDLFV2 ©ODJURSKRWR YR Qf

a e provision O pal%!a'l shading
DQG ©VRODU VKDULQJ and weather protection (including

areas within proximity to electricity *  improved soil moisture retention, )
transmission networks, where which can lead to improved solar farm proponents and gara2|ers.
biodiversity impacts can be avoided vegetation growth for some crops ©6RODU JUD]LQJ DV LW LV
or minimised. This often means beneath the panels, as shown in most prevalenF _form of complementary
that land which has been previously international studies. land use for utllity-scale solar fam?s- Al
cleared or zoned for agricultural use $JULVRODU ZDV +UVW S present, where other form_s of agrisolar

+ br&BeiRg/gdrsudd @ horticulture,

SeV\YSIIgs:;uear;[Ssd 10 host solarfarm Germany in 198%.Since then, local viticulture, aquaculture and cropping, it
’ and international trials and research, s typically at a much smaller (ie. non-
Many companies working within the SDUWLFXODUO\ LQ WKH (siyys8alesYH \HDUV
Australian utility-scale solar sector havehave shown that solar energy and
committed to minimising the impacts  agricultural production can be highly
on highly productive agriculturalland FRPSDWLEOH DQG PXWXDOO\ EHQH+FLDO
VHH WKH &0OHDQ (QHUJGavenem udding [mmogrsg across
Practice Charter for Renewable Energy the world have led to a rapid increase of
Developments in Appendix 1) and agrisolar from 5 MW installed capacity
exploring opportunities to integrate in 2012 to at least 2.8 GW in 2020.
continued agricultural production into
projects.

Solar grazing is the most prevalent
form of complementary land use for
utility-scale solar farms.



Replacing all of Australia’s coal- red power stations due to
retire by 2040 with solar farms would require less than 0.016

per cent of Australia's total land area.  *#
4
How much land is
needed for solar farms? °
(X o0
00000000 o0
000000000 o0 -
® Total land area used 000 .:::::::: () .:::. . .
i 000000000000000 000000 " H
for agriculture ..............::::. :::::: o )
: 000000000000000 AN N
@ Total land required to replace go0000ocooncccceeeeseee 0000000 , ...
FRDO +UHG SRZHWONWDWLEL 000000000000 00000000 R
: 000000000000000000000000000000000 . R
with solar 0000000000000000000000000000000000¢ R
00000000000000000000000000000000000: R
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000000000000 0000 000000000000000000
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00000000000000
00000000000000
0000000000000
As a rule of thumb, standard large-  In the unlikely event that all of this new “'....:‘
scale solar farms (single-axis track-  variable renewable energy were to be ° Y
ing) utilise an average of around 2 in the form of large-scale solar, then the 000 .:
hectares per 1 MW (dcdf installed total land required to support this solar 00000
00000

solar capacity. In practical terms, a
100 MWAdé solar farm would require

generation would be up to 120,000 N
hectare$. 7KDWaV WKH HTXLYDOHQW B1

access to approximately 200 hectares OHVYVY WKDQ SHU FHQW RI $XvVvwUuDOLD?2V
of land. (The land area needed for total land area, or 0.027 per cent of

every megawatt of installed capacity $XVWUDOLD2V WRWDO ODQG FXUUHQWO\ XVHG
is expected to decline as solar modulefor agricultural productidf By con

EHFRPH PRUH HI+FLHQ Wast, Australian agriculture currently

The Australian Energy Market Opera- accounts for 58 per cent of Australian

tor has estimated that up to 50 GW  land use. The impacts of the relatively

Rl ©YDULDEOH UH QH Z D &h@alHpetc@rithgeldficlearedy@al land

and solar power) capacity will need to required to support new solar power

be installed between 2020 and 2040 projects in Australia can be further

WR UHSODFH $XVWUD O imihinvised BVplrsiin@idtegratedant U H G

power stations. uses with other sectors.
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Agrisolar refers to co-developing the same area of land for both
solar PV power as well as for agriculture. Several forms of agrisolar
have been developed around the world, with a wide range of
Innovative approaches emerging in recent years.

Compatible with: Compatible with:
Sheep grazing, horticulture, beekeeping Grazing, horticulture
and biodiversity regeneration and viticulture

E %" %o “ %0 %o

*URXQG PRXQWHG 39 LV WKH PRV WM |[&BR-8cRree@edint, itdRdst Kad incddased in the deployment
scale solar. In solar farms today, panels are typically  of elevated solar panels enabling crops to be grown and harvested
connected in long rows (arrays) and mounted on steel beneath panels, such as fruit trees, grapes and cereals. In this

frames above the ground so that when tilted, the model, the panels are raised on stilts or reinforced structures from
clearance between the panels and the ground can be as2.5 - 5 m high. Initially developed in Japan by engineer Akira
low as 20 cm and up to 3 m on the high site. Nagashima in 2003, there are several smaller-scale sites and trials

7TKHVH DUUD\V FDQ EH x[HG LQ R QirlAsHd, Eurbpa/hd-SQUIRAMETiceQ WUDFN WKH

sun throughout the day, powered by a motorised tracking’ Q WKLV PRGHO WKH 39 SDQHOV FDQ EH V
system. VXQVKLQH WR tOWHU WKURXJK WR WKH SC
The height of the panels above the ground usually pass through. The distance between structures and the height
DOORZV VXItFLHQW VSDFH IRU D Qdf fa@panélsvmay dsdb¥ wid éhbugh YorRedpléDojamting and
underneath, or for plants and crops to be cultivated for harvesting machinery.

horticultural purposes or biodiversity reasons. Existing

+[HG DUUD\ VIVWHPV zKLFK GR QRYIWDBES Jik § BN g HORSHE WR G

. . . . In smaller-scale app ons rather than utility-scale solar
unsuitable for some agrisolar practices if the solar panel
. . - developments (>5 MW) largely due to the taller and more complex
rows are sited too close together with minimal solar

penetration between the arrays structures, as well as the larger area of land required and increased

’ HTXLSPHQW FRVWYV +RZHYHU WKHUH DUF
installations co-located with crops, including a 700 MW installation
over berry crops on the edge of the Gobi Desert in Ghina.
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Compatible with:

+RUWLFXOWXUH 2RULFXOWXUH
and aquaculture

Compatible with:
Aquaculture

%" T T %o

%0“ 1 G
One increasingly common form of agrisolar internationally )ORDWLQJ 39 VI\VWHPV UHIHU WR WKH L
is the construction of large-scale greenhouses with solarr- RYHU ERGLHV RI ZDWHU 7KLV W\SH RI \
panelled roofs, allowing for continuous horticultural in 2007 in Japan as an alternative where appropriate terrain,

production while utilising roof space for electricity generatiomigh population density and land constraints made ground-
WR VDWLVI\ WKH JUHHORB®WIEZV S R mbudte@ sblaGEhallenging.
JUHHQKRXVHY DUH DQ HI*FLHQW VR

v D . 12 Thafiang, Bomépréhbheris ‘arEexptorirg e ddf - R
from the weather, climate, insects and, in the case of rooftopﬁ QHUJ\ DQG IRRG SURGXFWLRQ RI 2RDW
over aquaculture ponds, water evaporation and predators. shrimp farming. While there is relatively little literature on

WKH FRPSDWLELOLW\ RI DTXDFXOWXUH

reduce water evaporation, slow algal growth and reduce
embankment erosiot.
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While research into agrisolar is an emerging eld, a number of
international studies conducted in recent years have suggested strong
synergies in the co-location of agriculture and solar energy production
for crop productivity, water conservation and higher renewable energy
production. 16

f "Agri-PV allows for solar to

While agrisolar is unlikely to be compatible with all crops

HDUO\ LOWHUQDWLRQDO VWXGLHV IS5 HWHEHMWIGRACU KD H RI WKH 39
panels can result in the same or higher production yields wifh jral and a%ricuﬂu ral activities

PRUH VLIJQL+FDQW ZDWHU VDYLQJV GHSHOGL OLPDWH DQG
agrisolar systert. This is particularly so in arid regiéns pr0V|d|8 ]]Ut|0n5 to tF\
(see Box 4). needs of farmers and rural

In a livestock grazing context, solar panels and solar farm

IHQFHV LPSURYH WKH VKHHS?2V ZHOI%qmn%t('réiU%%ngdcgiyiggRWHFWLRQ

from the elements and predators. While these results are  [vestments and Creat|ng
generally anecdotal in Australia (see the case studies in

Section 2), research conducted by Oregon State UnlversnyJObS in rural areas, Supporting

in the USA has made similar observatisons$ QRW KHU EtQHiHWNal and sustainable
is that moisture from condensation or light rainfall events

collects on the panels and drips down to water the pasture &JfIcultural practices, or

directly below, supporting concentrated pasture growth eve
GXULQJ GURXJKW )XUWKHUPRUH SW&%@%BQLgh%ﬁlngﬁ\yQ%IH%nSeZRRO
DQDO\VLV Rl WKH VKHHS DW WKH 3D NHVIGR D@ polir @B LFOWHG WKDW

the wool quality was high, even during drought conditténs.

30DQWLQJ QDWLYH DQG 2RZHULQJ YSoldtPower Wurdp€262Q D VRODU IDUP DOVR
has provided excellent habitat for bees and other pollinators

in countries such as the USA. According to research by

Oregon State University, there is an extended bloom period

due to the climate created by the solar panels and the

increase in soil moisture, meaning that bees have food for

longer before winter and can produce more hofieilot

RQO\ LV WKLV SULPH KDELWDW EHQH+*FLDO IRU EHHVY DQG EHHNHHSHUV
EXW QHDUE\ IDUPV DOVR EHQH+W IURP WKH SROOLQDWLRQ VHUYLFHYV
provided by the bees, leading to improved crop yi&ds.
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%HH KLYHV DW ,06 6RODU

D SROOLQDWRU IULHQGO\N39 DUUD\ VLWH LQ.6W -RVHSK 0LQQH

-

Solar farm buzzes with opportunity for beekeepers

Location Beekeeping group, Canberra Bees, approached Impact
,QYHVWPHQW *URXS V ORXQW 0ODMXUD
about the opportunity of placing several beehives on

Property size the solar farm. The attraction for the beekeeper was

WKH SUR[LPLW\ WR QDWLYH YHJHWD

Solar farm size proximity to the centre of Canberra and the security for

the hives within the fenced solar farm.

Qwner : : . - . :
Bees provide a vital service for biodiversity, acting

as pollinators, whilst also producing several products
Asset manager including honey. After a site induction and provision of
licences and insurance, the hives were placed on the solar
Beekeeper farm in late 2017. On average, the bees produce 48 kg of
KRQH\ HDFK \HDU NJ RI EHHV?2 ZD]
Number of and various quantities of pollen. Key considerations for
beehives the placement of beehives on solar farms include access

to water, permission from the landowner, permission

from the operations and maintenance contractor, and

appropriate licences and insurance.
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NREL researchers survey the test plot at the UMass Crop Animal Research and Education
t&HQWHU LQ 6RXWK '"HHUxtHOG ODVVDFKXVHWWYV, 'HQQLV 6FKURHGHU 15(/
[ 1 L]

\ / ' -

+ “It's a win-win for the community and the

E %o %o solar farm. It helps the Show Society sta
One study conducted in Arizona, USA ’ p y y

found that solar panels over vegetation & Oat while reducing the maintenance
ZHUH VLIQL*FDQWO\ FRE&@é—tg f&(%h%Yg'dicDqu'arm”

8.9°C cooler) during daylight hours
compared to panels above bare Cr. Ken Keith, Show Society member and Mayor of Parkes
land?* This research indicates that the

presence of vegetation beneath panels

can have potential positive implications

IRU 39 HQHUJ\ \LHOG LQ _ -

VRODU 39 HI+FLHQF\ LV [Ae[dE)EIgR IR g NI S (o] My

ambient temperature increasés.
9HJHWDWLRQ DOVR DF

GXVW VXSSUHVVDQW W
LQKLELWRU WR VRODU H RUCHERInIEWJIIVATIGN( NN SIS 4 KRS YOl DRV

production and livestock due to cooler panels

Farmers Solar farm proponents

6KHHS JUD]LQJ WRR G .
RS N R R Rl & PSURYHV ZDWHU X VK Redtéed idgeratoiisiand

vegetation is maintained in a cost- crops/vegetation as well as run-off ~ maintenance costs by keeping
effective and safe manner by reducing water from panels vegetation under control

UCHECR UGSV LIS ) Encouraging pollinator habitat I 5HGXFWLRQ RI =UH

PDLQWHQDQFH UHGXFH which can, in turn, improve L
hazard, protecting the solar assets and agricultural yields on surrounding R Strengthened relationships with

neighbouring properties. . neighbouring farmers
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Why is plant performance improved under solar panels?

While Australian studies are currently underway (see Box 16), recent international
studies suggest that the growth rate of certain crops is not reduced under solat’panels

and indeed can even improve the performance of some éfophe key possible
reasons for these improved outcomes are outlined below.

?%o o (E "EF  E%o
zZ & E%o The lower the height of the structure
< The shade provided by solar panels  supporting the panels, the more

Although the panels create shade for reduces water evaporation and pronounced the microclimate,

the crops, plants only require a fraction increases soil moisture, which is DFFRUGLQJ WR £QGLQJV IUF
of the incident sunlight to reach their SDUWLFXODUO\ EHQH + F RESOLERStudiBs\Wdidatel that daily
maximum rate of photosynthesis and environments? Depending on the level air temperature under the panels
eventually a photosynthesis saturation of shade, water savings of 14-29 per can differ depending on the location
point is reacheé’. Surplus sunlight cent have been observédBy reducing DQG WKH WHFKQRORJ\ 2QH
does not boost photosynthesis after  moisture evaporation, the solar panels study, led by an agricultural institute
light saturation point, and too much also alleviate soil erosiéhln Germany, in Montpellier, reported similar
sunlight hinders crop growthandcan )UDXQKRIHU ,QVWLWXW HVIHRRIS 6RO DX JGINUIQ IXOO |V X
cause damage to the crofs. 6\WWHPV2 VWXG\ NQRZQ coverages o théaehiferatures under
, found that soil temperature is also the panels, regardless of the sea%on.
Zlii (;?;g?tgsef r%rrzvéi??er?wyet\?v?agﬁgils reduced on particularly hot da$fs. gt:}g; f;ltf:g 23;1;: ;E(e)r(tjzc)i/ (;(:]c(aler
;events, wh_|ch are likely to become more ZDUPHU WHPSHUDWXUHY DV
requent with climate changé. . .
example, one study in Arizona found
temperatures under the panels were
%o E & ZE< - around 1.2°C lower during the day
and around 0.5°C warmer at night.
This Arizona study and the German
$39 5(62/% VWXG\ IRXQG WK

CNY

AR N N VA SV

. \\\‘\\\“\
\\\\\‘\‘ RERRR AN
\\\ \ v\ \\\\

was more moisture in the air under the
panels compared to the controlled,
open sky planting are4.




What varieties of crops can be grown beneath panels?

Although long-term data on crop growth below solar panels is not yet available, early studies, mainly
IURP DULG RU UDQJHODQG FOLPDWHYVY VXJJHVW WKDW WKH HItFDF\ DQG
solar panels is dependent on the plant species, the agrisolar system and the*limatere humid

FOLPDWHV WKH FRPSDWLELOLW\ RI

FURSY DQG VRODU 39 LV ODUJHO\ XQ

E

%0“

Plants with less root density andTomatoes

a high net photosynthetic rate
are ideal for agrisolar systerfis.
Studies undertaken in the USA
have found that the following
crops could be successfully
grown under and around
ground-mounted solar panels.

%0

% (E

%0“

Arizona,
California
(USA)

Improved — yield
doubled

Barron-Gafford et al. (2019)
$JULYROWDLFYVY SURYLG
across the food-energy-water nexus

in drylands

Jalapenos

%

Arizona (USA

) Slight reduction in
production but water
XVH HItFLHQH
by 150 per cent

Barron-Gafford et al. (2019)
$JULYROWDLFV SURYLG
actoBsShé Rowd4e@ergy-water nexus

in drylands

California
(USA)

Same production rate &
55 per cent or more su

i{Hudelson, T (2020) Conference Crop
nProduction in Partial Shade of Solar

Photovoltaic Panels

Hudelson, T (2020) Conference Crop
Production in Partial Shade of Solar
Photovoltaic Panels

Kale and

Broccoli

v

exposure

California
(USA)

Improved production
rate at 85 per cent sun
exposure

w0

S$OWKRXJIK J)UDXQKRIHU [n3tyad the Xeabkhniéhtl inédRporatidg
of crops are generally able to be (QHUJ\ 6\VWHPV?2 +HJJH @levatedsol& panels with permanent
incorporated into an agrisolar system, trial in Germany found that potatoes, cultures such as berries, fruits, grapes,
the yield of crops differs depending on wheat and other types of grain suffered almonds or hops. This is because the
WKH VKDGH *HUPDQ E Db retdubtisr QoK up Itbl 20 per cent  agrisolar system can replace structures
Institute for Solar Energy Systems RQ D W\SLFDO \HDU W Kdat prétecibnisystams algeadyRpdd,
suggests that shade-tolerant crops suctpositive effects on the yield in a hot,  such as shade sails or foil tunnels,
as leafy vegetables, grass/clover, stonedry year. (It is important to note that  and these types of crops also attract
fruits, berries and soft fruits and other the average solar irradiation levels and a relatively high produce price.
crops, such as asparagus and hops, average temperatures in Australiaare $JULVRODU FDQ EH SDUW
are particularly well-suited to agrisolar VLIJQL+FDQWO\ KLJKHU WrkiDeardQwrdddgrapeuality is
applications. and as such, outcomes could vary in  beginning to suffer due to the effects of
Australian conditions.) climate change, such as increased solar
radiation and temperature changes.

While studies indicate that all types

In Japan, a wide range of crops are

JURZQ XQGHUQHDWK W KNhiléliChEsYbben sh@wvrBthat large-

structures as part of a ‘solar sharing  scale crops such as wheat and corn

VFKHPH2 ZLWK IDUP H U \tah beRgrow® undethéhth Blevsted

vegetables, mushrooms, fruit trees, tea solar panels, studies suggest that crop

DQG FRIIHH DQG R UXQ D RdtafioV ySerafRatendt\economically
viable®
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Sheep grazing on solar farms (‘solar grazing’) has been employed in
England for at least a decade, and since then, has been introduced across
many countries across Europe and the Americas. Indeed, in the USA, the
Interest in solar grazing has become so signi cant that the American

Solar Grazing Association was formed in 2016 to connect solar farm
proponents and farming businesses.

In Australia, the earliest-known trial of grazing on a large- "E_Ia% HSGeR 8thU% D|%%d L%nderneath

VFDOH VRODU IDUP ZzDV DW WKH 5R\ )
By 2020, there were at least 13 large-scale solar farms the panels IS absolutely

grazing sheep in Australia. This guide shares the learnings Compatible Wlth sheep grazing”

and case studies of solar grazing at six of those farms.
Other animals such as cattle and goats have been proposed7R P:DUUHQ *UDJLHU 'XEER 6RODU )DUI

for solar grazing. However, they have usually been deemed
inappropriate for large-scale solar farms due to their size
(cattle) or behaviour (goats).

Pasture growth under‘ solar arrays in extreme drought conditions at
WKH 8QLYHUVLW\ RI 4XHHQVODQG V :DUZLF




The integration of solar energy and grazing within a single site provides
the opportunity for renewable energy operators and landholders/farmers
to work in partnership to maximise the productive use of rural land and
reduce operating costs for all parties.

%0 %o ™ ¢ %o : T E ™ 7 %o
E™ " % S e s (€
t NHHSV WKH SDVWXUH GRZQ UHGXFLQY *UH ULVN
e contributes to a stronger vegetation management regime' ﬁ\iggtssc}(c; free agistment (the taking in and feeding of
» reduces operation and maintenance costs through
the avoidance of regular mowing services, a reduction

in herbicide application and reduced risk of potential

increased health and wellbeing of sheep due to protection
from the elements

damage caused by mechanical equipment e less water consumption by sheép

 provides additional monitoring when farmer onsite » safety from predators for livestock due to secure fencing

« reduces health and safety risks for solar farm personnel ¢ access to greener pasture, particularly during dry
due to reduced need for operation of mowers and conditions or drought, leading to reduced operating costs
machinery

< high wool quality, according to a preliminary analysis
* strengthens relationships, communication and interactiory

with local landholders and farming communities. supporting the transition to clean energy and a healthier

environment.

“The free agistment is very
important, especially during
a tough year”
BRI 'DPLHQ 6H[WRQ JUD]LHU DW )LQOH\ 6R(
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LILYVALE 100 MW pages 24, 26 & 27

GATTON 3.2 MW page 18

../ WA RWICK 64 MW

DUBBO 28 MW pages 16, 19 and 23

PARKES 66 MW pages 8, 10 & 17

GRIFFITH 36 MW /

WHITE ROCK 20 MW page 38

COLEAMBALLY GULLEN 10 MW pages 3 & 28

BOMEN 120 MW

189 MW °

MUGGA LANE 13 MW pages 20 & 26

@
(4
4
.\ ROYALLA 20 MW pages 4 & 14

FINLEY 275 MW pages 15 & 25

NUMURKAH 128 MW pages 23, 25 & 27

GANN AW ARRA 60 MW
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The University of Queensland’s
(UQ) Gatton Solar Farm has
grazed sheep in partnership with
its Veterinary School since 2016.
It has worked so well that UQ
designed its new solar farm at
the rural community of Warwick,
Queensland with sheep grazing in

mind.

Location Gatton, Queensland

Property size 10 hectares

Solar farm size 3.2MwW

Owner University of Queemnsliand

Operations and University of Queensiand and

maintenance UGL

Asset manager University af Queensland

Sheep type Dorper and merino

Number of Approximatdly 10pperiemtare,

sheep varying with season and
vegetziion ot

UQ introduced sheep on all paddocks of its Gatton Solar

)DUP ZLWK WKUHH GLITHUHQW W\SHV RI
(stationary panels), single-axis trackers and dual-axis trackers

SDQHOV WKDW PRYH JHQHUDOO\ ©
west).

WULC

7KHUH ZDV LQLWLDO KHVLWDWLRQ DUR.

array paddocks due to the modules being much lower to

the ground (with some only 30 cm from the bottom of the
SDQHO WR WKH JURXQG WRR ORZ
and potentially hazardous to the animals. However in 2019,
IROORZLQJ FRQVXOWDWLRQ ZLWK W
inspections for hazards to livestock and property, grazing

FRPPHQFHG LQ WKH SDGGRFNV ZLW

PRGLxFDWLRQV LQFOXGHG VHFEXULQJ

VXSSRUW VWUXFWXUHYV PRUH xUPO
getting tangled, as well as installing more water troughs.

" %o < i '

84 KDV IRXQG WKH DUUDQJHPHQW K
sheep's health, with the panels providing protection from
the elements (sun, wind, rain etc.), and supporting improve
vegetation growth, increasing feed for the animals.

However, the greatest advantage by far has been the secur|
provided by the solar farm perimeter fence. This secure

perimeter prevents death and injury caused by wild dog

attacks to the livestock, a prevalent issue in Queensland.
,Q IDFW VWRFN OHYHOV ZHUH LQFU
paddocks over Christmas 2019 due to the safety provided &
the fences and is now considered the best paddock on site.

Aside from the wellbeing of the sheep, grazing has saved U
a considerable amount of money, as the requirement to mo
has been completely eradicated. Prior to the introduction of
the sheep at Gatton, mowing was contractually required on
D TXDUWHU ZKLFK ZDV FRVWO\ DQUC
of infrastructure damage, including broken panels. Even
with the purchase of yard equipment, installation of water
access and partition fencing, the costs saved from mowing
are approximately $100,000 per year. There have been a
IHZ GDPDJHG SDQHOV LQ WKH £[HG
a sheep may have pushed its way through the small gap
between panel and ground, but any damage caused by the
sheep has been minimal compared to the damage caused
from mowing.
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Farmer Tom Warren’s story is a

great case for ‘doing your research’.

When considering Neoen’s o er

to lease part of his property, Tom
looked up the company's solar
farms overseas and saw that some
of them were grazing sheep. “Right
from the word go, it's something

| insisted on”, explained Tom.

Five years on and Tom’s idea has
been a success. The use of the
land underneath is "absolutely
compatible”, according to Tom, who
reports there has been no loss to
his grazing productivity.

Location Dubbo, NSW

Solar farm size 28 MW

Owner Neoen

Operations and Bouygues Quosistrcidtion
maintenance

Asset manager Neoen

Sheep type Merino

Number of Approximatsy 180
sheep

E i < %o

The parties entered into a contract covering any
compensation between them for the agistment of the sheep
on the solar farm (none), the allocation of responsibilities
for the health and safety of the sheep (farmer) and the
treatment of liabilities (shared), with Neoen being responsib
for asset damage and Tom being responsible for livestock
health. The agreement also covers right of access, with
Tom able to enter the site whenever required, subject to
QRWL+FDWLRQ RI WKH VLWH PDQDJ
sheep are within the solar farm perimeter and can move
them to the adjoining paddocks through a rear gate.

JRU WKH RSHUDWLRQV DQG PDLQWH
mowing has been reduced. Tom, on the other hand, has be
able to maintain his grazing business, while earning income
from leasing his property. The grazing arrangement has eve
SUHVHQWHG RSSRUWXQLWLHV IRU 7
during the recent drought, the solar farm retained green

pasture due to the condensation from the panels running off

between the rows. While other farms in the district needed t
resort to additional feed for sheep for over 18 months, Tom
needed to source additional feed for just three months.

'XEER 6RODU )DUP JUD|LHU
with Neoen team member. / Neoen >
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The early experience of solar grazing across di erent parts of Australia
has generated valuable learnings. This section outlines key considerations
for project proponents and graziers exploring running sheep on a solar

farm.

While it is possible to graze sheep
on a solar farm without early-stage
planning and design to accommodate
this co-use, any required changes

to the solar farm are covered by the
proponent. Therefore, by planning for
the facilitation of sheep grazing from
the outset, the project will save time
and money, and provide an improved
experience for both proponent and
grazier.

“I recommend

that developers
think about sheep
grazing early on, try
to integrate it into
operation strategy
and development...
it will optimise
operations and
maintenance costs”

Bouygues Construction Operations &
Maintenance Manager, Dubbo Solar
)DUP

I’ %0%0 “
%0 (E

. . oo Planning assessment authorities are
The Australian experience indicates  yhica|ly keen to encourage agricultural
that sheep grazing should be co-use and will welcome the integration

considered only for those projects RI VKHHS JUDJLQJ ZLWKLQ L
situated in regions where sheep grazmgapplication.

practices are already present. Where
this is not the case, the initiative can be )JRU JUD]JLQJ RQ VRODU IDUF

costly, provide sub-optimal outcomes DSSURYDOV KDYHQ®#W W\SLF
IRU WKH VKHHS2V ZH O O EeAuiresly Howssr, proponents may
ultimately, be unsustainable. Consultingconsider including internal fencing,

S

the local farming community is crossing gates, water tanks/dams and
recommended to understand the potential alternative site entrances
V|ab|||ty of Sheep grazing_ to facilitate sheep grazing within
development applications.
< If leasing the land, proponents should
Access to water is essential for hosting also consider whether consent from the
sheep on a solar farm. It is ideal to landholder to graze sheep is required

have multiple water sources so that as part of the lease, particularly if the
cell grazing can be easily implemented. grazier is not the landholder.
More water sources also means that the

sheep do not create dust walking long

distances to drink. If a water source is

not already present on the land, such

as a dam or agricultural bore, consider

whether water on neighbouring

properties can be diverted through

pipes to water troughs or ponds on the

property. Registrations and approvals

may be required depending on the

jurisdiction.
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The National Renewable Energy Lab in the USA recommends
minimising grading (where the land is levelled) where possible
One of the advantages of grazing sheep on a solar farm  as mass grading can strip fertile stiland may lead to
is that a standard perimeter fence offers protection from erosion.
predators and livestock theft. Perimeter fences in the southern

VWDWHY DUH JHQHUDOO\ VXI+FLHQ ﬁb'iWE%*ﬂﬁﬁﬁﬁ%%m%ﬁ?V?ég t%tgrf‘g%;@ﬂaﬁﬂggd
PRGL+FDWLRQV 2Q 4XHHQVODQG v%ﬁ%ﬁ’f’vﬁﬂgﬁ LK e.%‘,?—ﬁ’g\%bL ag(éQLPLVHG W

proof perimeter fences are advised, due to the prevalence : : : . .
. o . avoid weed infestation, as grazing does not usually eliminate
of wild dogs. These fences are similar to standard perimeter

fences but have half a metre of mesh buried into the groundth.e need for wegd management on a solar farm. (Sheep
S will not eat certain types of weeds, and some species of
to prevent dogs from digging beneath the fence.

weeds can make sheep ill). Therefore, the following steps are
Another factor to consider in the site layout is the vegetatiorsuggested to minimise and manage weeds:

buffer that is sometimes required for visual screening of the |
solar farm. As any vegetation buffer will need to be protected
from the sheep, it is advisable to plan for the buffer to be
planted outside of the perimeter fence so that an additional
internal fence is not required to protect the plantings which
will be timely and costly. « If there is existing agricultural pasture, consider whether it
can be retained.

Consult with the grazing partner to identify appropriate
ground cover for sheep, and timing for seeding.
Proponents may also consider seeking advice from an
agronomist.

Internal fencing is also a key consideration when planning

VLWH OD\RXW *UD]JLQJ HItFLHQF\ LY DedetandexaticteZpidtehesbf @eedsheordUD]LQJ?2
techniques are employed, whereby the land is sub-divided construction.

into separate areas using internal fences to enable greater
control of the livestock and ensure that certain areas are not
over-grazed. The fencing also allows the farmer to isolate
the sheep if herbicide needs to be applied in certain areas.
Cell grazing around the perimeter of the solar farm is also
H[FHOOHQW IRU *UH SUHYHQWLRQ - Ifrevegetating, use seeds of recommended perennial or

. annual grasses over the property. Some solar farms use a
Internal fences are less sophisticated and are, therefore, 9 property

VLIQL+FDQWO\ FKHDSHU $Q LQWHUQ @éi@ﬁﬁﬁcgﬁgﬁ:r QI 23" AR RVe Apfed
metal cables, square mesh lock or a mobile electrical fence P '

running around the area at around 1.5 m high supported  Another factor to consider when determining the type of

by stakes. A gate, such as a swing gate, also needs to be ground cover to plant is whether to encourage/host pollinator
installed to allow the sheep to be moved and vehicles to pass QVHFWY VXFK DV EHHV ZKLFK DUH EH
through. It is necessary to have a minimum of 4 m between

adjacent solar panel edges and a fence to allow for car or

tractor access, or 2.5 m if using a utility terrain vehicle. While

internal fences can be installed post-construction, one major

GLIZFXOW\ ZLWK LQVWDOOLQJ IHQFHVY DIWHU FRQVWUXFWLRQ LV WKDW LW
necessary to avoid crossing underground cabling which can

be challenging and time-consuming. Considering internal

fencing during the design phase will reduce safety risks and

LQFUHDVH WKH HItFLHQF\ RI WKH VLWH HVWDEOLVKPHQW

Check and clean construction equipment prior to arrival
on-site to prevent the introduction and spread of weeds
in accordance with the Construction Environmental
Management Plan.
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Strategically planning a water source prior to construction Type of array
FDQ EH EHQH+FLDO DV LW DYRLGYV V¥KH FKDO%n‘i‘%ﬂe‘?‘:tg%lcorznﬁa!tfbwel‘sgalra%uRXQG

underground cables if later needing to install pipes, ponds
RU WDQNV W DOVR SURYLGHV WKH

cell-grazing.

he most impor sign is
th ili I, rass r t an
th Eﬁg&/‘) &%\&Eg\/@e \aroﬁr?h)q‘ anV(!‘ gg?égltx tg\zg. é?r%%rgx%u w
or dual-axis solar arrays, which track the movement of the

Where supply to water points can be controlled, it can also sun, are considered to be “extremely compatible” with
be possible to achieve cell-grazing without fences by simplygrazing, according to farmer Tom Warren at the Dubbo Solar

turning the water supply on in an area where grazing is

)DUP 7KLV LV EHFDXVH WKH JUDGXDO F

GHVLUHG DQG WXUQLQJ LW RII LQ Wiioughbutthielisy v @xpoting th SUBIRYAL for the

Although installing water is considered an additional cost, it
generally the case that any additional costs to enable grazing

gsround cover beneath the panels at some stage each day,
enabling pasture growth.

DUH RXWZHLJKHG E\ WKH VDYLQJV |ddB, dRIElgH of tHexsolsy pardlsriRuldallow the sheep
ZDWHU VRXUFHV FDQ EH KHOSIXO Z KHnOveriRéySa00 inQniaidl Byd ¢ontatt Mith other sheep so

regulations or when watering vegetation perimeters.

Water pipe agreement at
Numurkah Solar Farm

7KH 1XPXUNDK 6RODU )DUP DJUH
neighbours to establish a water pipeline to the solar

farm. The pipeline ensures a ready supply of water for
WKH *UH+JKWLQJ WDQNV RQ VL

watering troughs. All neighbours now use the pipeline
for sweetening bore water for irrigation. The agreemen|
has led to more open communication with neighbours
ZKLFK KDV EHHQ EHQH££FLDO WR

WKDW WKH\ GR QRW ORVH WKHLU 2RFN
Older solar farms have also demonstrated that sheep can be
VXFFHVVIXOO\ JUD]J]HG LQ SDGGRFNV ZL!
20-degree tilt, where the height of its panels sits as low as 30

cm above ground level.

Motor guards

Some solar farms with shaft-tracking systems have installed
PRWRU JXDUGYV WR SUHYHQW WKH VKHH
in the moving parts and universal joints of the motors which

drive the solar atray vackers. Motor guards also prevent

sheep from hitting the equipment, including pressing the
emergency stop buttons.

Position of cabling

Cables should be tightly secured to the rear of modules to
minimise the risk of interference with module cabling, the risk

Ri WKH VKHHS?V KRUQV JHWWLQJ WDQJ
chance of strangulation. Site engineers may also consider
running the cabling along the middle of the panel to avoid

any risks presented by cable slippage when the panel tracks

the sun. This can be achieved by using stainless steel clips.

Safety measures such as installing conduits — standard
practice in contemporary solar farms to guard against
mechanical risks (e.g. mowers) — can also minimise the
(already low) risks of sheep chewing the cables as they
transition from the solar modules to underground. There have
been no observed incidents of sheep chewing cables to date
on Australian solar farms.



Graziers, Kylie and Angus Gross, unloading their sheep
RQWR :DUZLFN 6RODU )DUP 6DbUDK +DVNPDQQ 84

The research carried out for this guide indicates that the experience

of farmers involved in grazing sheep within solar farms in Australia has
been overwhelmingly positive. This is largely due to the improved health,
wellbeing and safety of the sheep. This section details the key learnings
for farmers who may already be involved with a solar farm, or local
graziers interested in grazing on a solar farm.

" %o %o

Merino sheep, particularly wethers and merino-cross, are

currently the most common breeds of sheep involved in sol Dorpers successful

grazing at Australian solar farms. As a breed, the merino ha .

a reputation for keeping its head down and not jumping on on Lllyvale Solar Farm

equipment. Dorpers have also been successfully grazed onfRe VIS ST M@ T N O7=11E G [o]d o o el 1=1=) s o a W TR =y B

Australian solar farms, despite a reputation for being livelier B B Ie T SR E N = o = {1 go)s (Ve=le ok B YAV

(see Box 9) and are often chosen for solar grazing in the USR-S s U IsNUN =R 8 ERe I E ER SR RVASR U1
DUUDQJHPHQW ZLWK SURSRQHQ

being considered a livelier breed than merinos and
tending to rub against objects to help shed their
wool, the breed is working well on the solar farm, with
no notable damage to the solar modules or other
equipment caused by the sheep.




S S

It is recommended that the introduction of sheep is subject *HWWLQJ WKH EDODQFH ULJKW ZLWK VYV
to a short trial (typically one month) in a small, controlled Overstocking can lead to an increase in dirt and dust on

area within the site to assess any potential issues associate® KH SDQHOV DQG WKH VKHHS2V ZRRO |
with co-use. D VXItFLHQW QXPEHU RI VKHHS WR PDQ
growth. Many graziers supplement their sheep numbers

during periods of rain and remove them later in the year.
*UD]JLHUV QHHG WR KDYH WKH 2H[LELOL
stock numbers accordingly.

The trial is a good opportunity to identify and assess the
following key considerations:

 suitability of the sheep temperament for the solar farm
environment
E+ h &

2QH RI WKH PRVW VLIQL+FDQW ULVNV C
predators, and as such, the security fencing which surrounds
VRODU IDUPV FDQ VLJQL+tFDQWO\ UHGXI
fatalities. Some farmers have also reported that the panels
provide additional protection for the lambs from wedge-tailed

eagles.

Some proponents have also engaged consultants to analyse )
and report on the suitability of grazing on site. However, some graziers prefer to remove ewes for the

lambing season due to the need for closer supervision and
. WKH UHVWULFWHG YLVLELOLW\ ZLWKLQ
S contemplating lambing on the solar farm, it, therefore,

The terms for site access by the grazier to the solarfarm  UHPDLQV DGYLVDEOH WR WULDO DQG P
should be documented within the agreement. Typically, during the lambing season.

graziers require site access around the clock to ensure they
can attend to the needs of the livestock. However, as with any, , ~
site personnel, this access is subject to operational health and

safety requirements and notifying members of the operationlen the case _Of mering sheep, some farmers havg found that
and maintenance team. sheep require shearing more frequently depending on the

type of panel system installed — every nine months (or fewer
in some instances), rather than every 12 months — to prevent
their wool from being caught in the equipment, particularly
the drive shafts of motors. Graziers reported that this did not
materially diminish the value of the wool.

» interaction of the sheep with the equipment

» existence of any hazards to the sheep or equipment that
should be addressed

e rate of grazing by the sheép

e communication between grazier and the site team.

Phased trial on
Numurkah Solar Farm

Frequent shearing
on Finley Solar Farm

Before the broadscale introduction of sheep at
I1XPXUNDK 6RODU )DUP DQ RQ ID
using dummy solar panels to help assess the potential
hazards to the sheep, the quantity and pace at which th
grass was grazed, and what breed of sheep would wor
well.

After a successful four-week trial, the sheep were
introduced to an isolated part of the solar farm for
another four weeks, before they were more widely
introduced across the solar farm

*UD]LHU RQ WKH )LQOH\ 6RODU )D
the sheep on the solar farm every 12 weeks to prevent
their wool from being caught in the motor drive shaft and
resulting fatalities. This wool is then sold off as “short woq

This higher-frequency shearing regime means that
Damien has had to bear additional costs (approximately
$20 extra per head per year). Still, in return, Damien gai
advantages such as the improved safety of the sheep an
the agistment on neighbouring paddocks.

+H LV DOVR ORRNLQJ WR URWDWH
longer wool can be hosted on his own property, while
newly-shorn sheep are agisted within the solar farm.
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Mustering of the sheep on a solar farm is easiest in the
middle of the day when tracker panels are horizontal to the

ground, and visibility through the rows is maximised. It is sti Oregon State University study
possible to use four-wheel or two-wheel motorbikes, a vehid c :

and a well-trained dog when mustering. con rms iImprovement in Sheep
However, some solar farm operators prefer not to employ A= L1g!

vehicular mustering due to the risk of damaging the 3UHOLPLQDU\ +QGLQJV IURP DQ
equipment and the safety risk to the rider. In these cases, study® has indicated tha? agrisolar systems “can be
mustering is done mostly on foot and using dogs, sometime used to improve lamb production and welfare...”

driving a vehicle outside the border of the modules. The study found that less water was consumed, there
was an ability to maintain a higher stocking rate in
T %" T summer, and there were increased herbage yields.
Sheep on solar farms tend to be safer due to enhanced
protection from predators from secure perimeter fencing.
They also enjoy greater protection from the elements undey,
the panels and will tend to seek out the shelter of the paneIsT
for shade and rain protection. These factors have meantthat3 y\wWwHU & KH
JUD]JLHUV KDYH IRXQG WKH VKHHS WR EH PRUH
agisted in other conditions.

The panels also concentrate any rainfall or condensation iritd e Sheep at Mugga Lane
long rows beneath the panels, which have improved pasture

growth even during dry or drought conditions. appear to Seek Shelter

While sheep on solar farms have not generally been found t&) ered by the panels
be prone to an elevated risk of injury, there have been rare ”
instances of sheep fatalities involving sheep being caught inOVer summer months
the equipment. Any risk of injury or fatality can be reduced ifAsset Manager, Maoneng

the design and grazing recommendations within this guide

are followed.

he sheep are happier here”

©]

DO JUD]JLHU DW / \'Y
U FNV

HOD[HG WKDQ 2

-



%0 Y0 S

7] ~ w

S %o %o %o

" %o

The relationship between the proponent/asset manager and
the farmer is vital to the success of agrisolar. Generally, if the
already have an established grazing practice, landowners or
neighbouring farmers will be the natural choice as a partner
to the solar farm. However, this is not always the case, and

there are other important criteria to consider when selecting ¢
grazier, and proximity may not be essential (see box 14).

%0 %00
An ideal grazier partner should:

» have an established and large grazing enterprise, so that
VKHHS QXPEHUV FDQ 2XFWXDWH R(
SXWWLQJ +tQDQFLDO VWUHVV RQ

f EH DEOH WR PRYH VKHHS HDVLO\
solar farm and their other paddocks, for example when
YHIHWDWLRQ JURZWK 2XFWXDWHV

» have access to the necessary equipment for animal
husbandry including equipment for shearing and treating
the sheep

¥f EH ZLOOLQJ WR ZRUN ZLWKLQ WK
safety requirements and hold appropriate insurance

f EH ZLOOLQJ WR ZRUN LQ SDUWQH
and maintenance team.

If a potential grazier is not suggested or recommended by the
local community or workforce during construction, it may be
useful to advertise through extended community networks suc
DV ORFDO )DFHERRN SDJHV RU E\ VH
If the grazier is not the landholder, the lease between the
landholder and the owner may need to be amended to allow fd
grazing.

S
)DUPHUV PD\ DSSURDFK GHYHORSHU
If considering forming a partnership with a solar farm or if
approached by a developer, it is important to consider the
following qualities that make an ideal solar farm partner:

 allowing the farmer to access the land when needed

» being conscious of, and prioritising, sheep safety and
wellbeing

e acommitment to keeping the site secure for livestock, by
keeping gates closed

e maintaining open communication, particularly where there
are issues with the sheep when the farmer is not on site

e accommodating needs to utilise equipment within the sola
farm to muster sheep (within safe limits)

* being willing to assist with mustering or moving sheep to &
different area or property

* being responsive to farmer suggestions regarding
vegetation management.

Farmer/proponent relationship
on Numurkah Solar Farm

When it became evident that the vegetation had

WR EH PDQDJHG WR DOLJQ ZLWK
UHTXLUHPHQWY LW ZDV WKH IRU
LGHD WR EULQJ KLV VKHHS RQWR
situation makes him a strong grazing partner: he has
access to the necessary equipment to care for the
sheep, lives close to the solar farm and contributes his
expertise on animal welfare and husbandry. He is also
able to provide advice about vegetation management
and where or when to move the sheep.

A strong partnership has formed between Eddy and

WKH VRODU IDUP2V RSHUDWLRQV
ZLWK EHQHzWYV 2RZLQJ WR ERWK
DIJLVWPHQW , VD\ LW2aV IUHH ODZ

The grazier who lives just down
the road (100 km away)

$W /LO\YDOH 6RODU )DUP LQ 4XH
engaged Peter Cheal — a farmer running a large grazi
HOWHUSULVH LQ (PHUDOG 3HWH
to run sheep on the solar farm when it was advertised
RQ )DFHERRN $OWKRXJK 3HWHU
100 km away — his successful grazing business and
enthusiasm made him the prime candidate.

Peter has been inducted on workplace health and safe
procedures and, due to the distance from his property,
visits every few weeks to check on the sheep and the
electric fence he has also installed. The site staff keep
an eye on the sheep otherwise and maintain regular
communication with Peter.

“I would absolutely
recommend this sort of
opportunity to other
farmers where it arises”

SBHWHU &KHDO JUD]JLHU DW /LO\
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Most grazing partnerships enter into a formal agreement ~ Any grazier partnering with a solar farm will need to be
which details the arrangements between the solar farm provided with a site induction and any other necessary

proponent (often the operations and management company occupational health and safety training to enable them to
but sometimes the owner) and the grazier, outlining matters access the site as needed to tend to livestock. This training
such as roles and responsibilities, costs and liabilities, healthand any re-training requirements should be included as part
and safety obligations, site access, and communications. ~ Of the agreement. The agreement between parties should
This usually occurs after a successful trial on site (see page Zpecify conditions around access to site, such as signing in
The following is a checklist of some of the key features of and out and after-hours access.

sheep grazing agreements. It is recommended thatthe  The gperations and maintenance team should also clarify
grazier seeks legal advice before entering into an agreemerBrotocdS such as communication and contacts in an
E% & HPHUJHQF\ HJ D EXVKzUH RU ZRUNSO
o as well as management of emergency access. Any of

o= %oz these plans and protocols should be reviewed and audited

There is typically no agistment fee, or compe.nsation _ _periodically to ensure they remain appropriate.
exchanged for sheep grazing on solar farms in Australia, with

ERWK SDUWLHYV UHFRJQLVLQJ WKH LQ NIEQG EHQH+WV SURYLGHG WKURXJK

the partnership. Two of the key risks and liabilities of grazing sheep that must

R be covered in the agreement are:
E & %o

The agreement/contract will often stipulate the minimum ~ *  injury caused to the sheep by the equipment
and the maximum number of sheep to be kept at the solar « gamage to the equipment caused by the sheep.
farm to ensure continuous vegetation management, while

DOORZLQJ 2H[LELOLW)\ IRU DG Y H UV HARParkes diffeRNe Rlesaficy pf 1g5&/misks ik p v

liabilities. In some cases, operators cover damage to the

drought. ; X ) o

. o _ ~equipment while the farmers are responsible for any injury
Other grazier responsibilities that have been formalised in  or fatalities of the sheep. In other circumstances, the farmers
contracts between the parties include: were liable for both risks and needed to ensure that they had
 that the animals be kept in good health DSS.URSL.“-DV\_/H LQVXUDQFH FR_YHU ) 7KH

) the fair allocation of risk and reward of the respective parties.
* that shearing occurs frequently It is recommended that the grazier take out liability insurance
« conditions around mustering (e.g. no mechanical to protect themselves from any risk. Some operators have
equipment to be used) been known to ask for a bond from the farmer for any
i GDPDJH FDXVHG WR WKH HTXLSPHQW E\

» that any fatalities are managed by the farmer. sheep.

Itis also recommended that the agreement specify who is - o nymber of other considerations and topics for agreements
responsible for maintaining watering points and internal between the grazier and the proponent are outlined in

fencing etc. 6HFWLRQ RI WKH 1DWLRQDO :LQG )DUF
m Annual Report (semwvfc.gov.ai.

Grazier Ken Ikin and BJCE‘é Leo Pear
LQVSHFW SDVWXUH RQ~
before reintroducing sheep. / BJCE Austral

N
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According to the National Renewable Energy Laboratory At the University of California — Davis, one study looked at the
(NREL) in the USA, agricultural crops can thrive underneathyitferent levels of shade provided by ground-mounted tracker
the partial shade conditions of solar installations, with panelﬁands and how various types of leafy green vegetables fared

creating the following conditions for plants grown under or ynder the different levels of light or photosynthetically active
around the panels: radiation (PAR).

* reducing the amount of direct sunlight reaching the cropsrhe results from this study found that kale, chard and
and reducing sunburn on crops tomatoes produced the same amount of harvestable
« creating cooler conditions during the day and warmer ~ biomass in situations where the PAR was 55 per cent or more,
conditions at night indicating that moderate shade can be easily tolerated.
Broccoli, capsicum and spinach were not as shade-tolerant,
requiring at least 85 per cent or greater full sun irradiance.
However, the broccoli produced better results in 85 per cent
« extending growing seasons in multiple regions PAR than full sunlight. The study recommended careful
attention when developing agrisolar systems, including the
39 FRQ+xJXUDWLRQV DQG WKH FURSV WK
ensuring that the crops are suited to the local environrifent.

» reducing heat stress as well as reducing risks of frost
damage

* increasing soil moisture levels, which can lead to a
reduction in irrigation needs.



L Sheep grazing can be

The solar industry has been exploring the opportunities for -
solar farms to support biodiversity outcomes by reinstating Implemented on the same

QDWLYH YHIJHWDWLRQ 1DWLYH YHJHMﬁd/agQ)@gk@@@]ﬁg:aﬁg MER WK H
developer as it requires less ongoing maintenance than . .
traditional gravel or grass (e.g. mowing) and is also prime ora as it has a lower |mpaCt

habitat for pollinator insects. than mowing. The movement

In Europe, the USA and now Australia, interest has grown in ;
recent years in utilising solar farms to provide protected habitgf the Sheep also StImU|ateS

for wildlife, including beekeeping, by planting and cultivating Vegetation grOW'[h bv carr |ng
ODWLYH ZLOG2RZHUV +LYHV FDQ EH OR DWHéd_@VLGH U.RXWVLGH RI WKH
SURMHFW IHQFH ,QGHHG SROOLQD R U%PEHS HON HvWDEOLVKHG

in the USA than any other form of agrisolar, with an estimate(p|ants around the Iandscape.
1 GW of solar farms with pollinator habitat across the nédtion.

One example is Enel Green Power, which has partnered with
the National Renewable Energy Lab in the USA to engage in,
low-impact solar development. In this process, the topsoil is .
UHWDLQHG WKH 39 SDQHOV DUH LQ\ - y : (WA
LQFOXGLQJ 2RZHUV VXFK DV ZLOG O)iﬁ —

SODQWHG WR FUHDWH D KDELWDW IF :

Research from the USA has shown that there tend to be

PRUH 2RZHUV DQG EHHV LQ WKH URZE
outside>° f

Recent research indicates that biodiversity gains on solar £
IDUPV FDQ EH'VIKHMH FSIROWLQDWRU =
the surrounding farms and pollinator-dependent crops (e.g.
VR\EHDQ DV WKH\ WUDQVSRUW SRO¢
JRU LQVWDQFH LQ WKH 86% LW LV §
350,000 hectares of agricultural land near existing and
SODQQHG ODUJH VFDOH VRODU IDF
pollination services if pollinator habitat was established on
the solar farm§?

Sheep grazing can be implemented on the same land as  |§&
EHHNHHSLQJ DQG QDWLYH 2RUD DV /&
PRZLQJ 3UHOLPLQDU\ +QGLQJV VX J#&
of the sheep also stimulates vegetation growth by carrying §
and spreading seeds from plants around the landséape. %
It should be noted, however, that this process can also

increase the need for weed control.

$ EHH NHHSHU LQVSHFWV KLYHV RXWVL(
array site in Minnesota, USA. Early in growth, the IMS Solar site ug
GLYHUVH PL[ RI SROOLQDWRU IULHQGO\

L



f"‘ h %o

Solar greenhouses, in which solar panels are integrated intd
the rooftops of horticultural greenhouses, have grown in
popularity in some developed and developing markets. New Caledonia

The power generated from the solar panels can be used to JUHQFK UHQHZDEOH HQHUJ\ GHYHORSHI

VDWLVI\ WKH JUHHQKRXVHaV RSHUD\X/BQ@HOJlé{"hm%'ﬂ/RK‘S"#\bi?c‘!L%'%Ud\LﬁdW&’\%VJ ¢
pumps for heating, cooling and irrigation, and monitoring &DOHGRQLD )JORZHUV _D QG YHJHWDEOH
systems. This technology can potentially take greenhouses ProOf greenhouses all year-round, while solar panels cover

RIl JULG )XUWKHUPRUH VWXGLHV ﬁ‘ﬁf(gfd*}@rfc\ﬂﬁﬂ@E‘?W‘?{qlfo'%gf?%@vs@%ﬂea”

of California (UC) Santa Cruz have shown that crops grown HI < FLHQW VROXWLRQ LQ WHUPV RI SUR'
inside these greenhouses were as healthy and grew at the and insects?

same rate as conventional greenhou%es.
Agstra/la

7KH VRODU SDQHO FRQxIXUDWLRQVFHR ERASGINBO Y% F0 YYKRRPH surz

cover the rooftop, allowing for varying levels of solar radl"jlthé?outh Australia, has taken this model a step further, and in
to suit crop needs. In one breakthrough advance, Murdoch

A R i 1 e T B

S . or irrigation and provides power to t enhouses for
due for completion in 2021. Under a collaborative research g b

DJUHHPHQW WKH XQLYHUVLW)\ DQG t%ﬁﬂ_ ‘#Q{;@iﬂ% %ﬁ?gﬁ;ﬁ#’b%'%'ﬁ?%\ﬂm‘ﬁu
to design, test and conduct suitable plant science trials to Y:

evaluate the effectiveness of the glazing for use in plant
growth3

groun ng agriso




Solar-thermal plant powers
Sundrop Farms, South Australia

Traditional agriculture methods struggle in arid
HQYLURQPHQWY VXFK DV 6RXWK
+RZHYHU 6XQGURS2V ZRUOG U
Augusta farm has demonstrated the transformative
power of high-quality solar resources for productive
agriculture in even inhospitable farming locations.

Completed in 2016, the farm hosts 20 hectares of
hydroponic greenhouses growing tomatoes and using
thermal solar energy for electricity, heating, cooling an
most importantly, to irrigate its tomato crops.

The thermal power is generated by a 115 m solar tows
located next to the greenhouses, with 23,000 mirrors
faced towards it for maximum sunlight exposure. At

its peak, the solar tower produces 39 MW of thermal
energy for use by the farm.

To irrigate the crops, seawater is piped 5 km from the
Spencer Gulf into a desalination plant where it is turne
into freshwater for the tomato plants, the process
wholly powered by thermal solar power.

The tomatoes are grown all year round and are sold a
a leading supermarket chain in Australia, with the farm
producing 17 kilotons of tomatoes annually, accountin
IRU SHU FHQW RI $XVWUDOLD?2
greenhouses allow for protection against the abnorma
weather events that affect other crops, meaning a

steady and consistent supply for the supermarket.

The success of the Port Augusta farm has led
to Sundrop developing pilot plants in other arid
environments in Portugal and Tennessee, ¥YSA.

6XQGURS2V WRPDWR \LHOGV DUH -
 WKDQ FRQYHQWLRQDO +HOG SURGXFWL

Some niche applications are also emerging for the
LQWHJUDWLRQ RI VRODU DQG DTXDFXO\
KDYH EHHQ EXLOW RYHU RQ ODQG VKUL
acting as shade houses, or are being integrated into existing
greenhouses. Pilot projects have shown that by providing

shade, the solar panels offer protection from predators,

reduce water evageratich and regulate water temperature,
enhancing agquaculture growth.

Réunion

$V ZHOO DV KRUWLFXOWXUH WKH )UHQ
GHYHORSHG D VRODU URRI SURMHFW R)
5pXQLRQ 7KH ©$TXDQHUJLH® SURMHFW
ZLWK 39 URRIV RYHU #VKSRQGV SURGX

Vietnam

,Q 9LHWQDP *HUPDQ UHVHDUFK LQVWL\
GIZ have carried out a pre-feasibility study for combining

shrimp farming with photovoltaics, with research indicating

that water consumption is cut by 75 per cent compared

to that of a conventional shrimp farm. The German

organisations have now entered into an agreement with
SULYDWH VKULPS IDUPV WR GHYHORS S
DTXDFXOWXUH +DELWDWYV DV 5HVRXUFH
Multilayer Production Systems) to test technical and

commercial feasibilit§f.

VoL IJKHU SHU KHFWDUH
ARS'Q SoBdAérgie’ project in Réunion. / Akuo
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:KLOH UHVHDUFK KDV VKRZQ WKDW HOHYDWHG 39 VA\VWHPV KDYH

a higher capital cost premium than ground-mounted 5HVHDUFK KDV VKRZQ HOHYDWHG 39 V\\
GXH W R_ HIWUD FRVWYV RPINSH PR G L 4 GedsYrid ﬁlgn‘(g thit Hr¥ shade-tolerant such as leafy
systems (typically 2.5-5.0 m above the ground) that can  greens and parsley. Even crops that are shade-intolerant can
accommodate taller crops (e.g. grains, corn or fruit trees) g gyccessfully grown, with recent studies in Japan showing

may be economically viable in some circumstances. crop yields of corn are improved under elevated pahels.

7KHVH HOHYDWHG 39 VA\VWHPV ZKLFK KDYH EHHQ WULDOOHG DQG
GHSOR\HG LQ VRPH PDUNHWY WHQG WR DOORZ IRU PRUH VXQ WR +tOWHU
through to the plants below, and are typically tall enough fonn the Netherlands, companies BayWa r.e. and its Dutch

people, as well as planting and harvesting machinery to pasy XEVLGLDU\ *URHQ/HYHQ KDYH DGDSWI|
underneath. model to grow various types of berries along the arches

7KHUH DUH PXOWLSOH GHVLJQV RI HG'¥PPHRWWE B WHU »PRIPYVDW WKH 3LH!
LQFOXGLQJ ©OVWLOW PRXQWHG?2 G H\RUFBHRUNGRA|it,Qf €2vensas BRpIoeRiigg this form
reinforced structures and vertical panels with bifacial panels®f agrisolar, the farmer has replaced his foil tunnels which
The amount of shading provided by the panels — that is, protected the berries with a 2.67 MW solar plant.
how close the rows of panels are situated to one another, oRather than spacing apart the rows to allow light penetration
if the panels allow light to pass through — must be carefully to the crops below, these companies have developed semi-
determined depending on the type of crop to be grown. In  transparent solar modules in a single-row system, allowing
other cases, such as the system that has developed in Japay X |+ FLHQW VXQOLJKW IRU WKH SODQWV
where the farmer is paid for the electricity generated, the  protecting the crops from direct sunlight, rain, hail and frost.
type of crop may be determined by the amount of shading. This type of agrisolar also allows for fruits such as apples,
pears, cherries and plums to be grown below the panels (see
WKH H[DPSOH LQ )UDQFH RQ SDJH

The results from the trial showed that not only is it feasible
to grow berries under a solar array, but crop productivity
was also improved. The study also resulted in a reduction in
labour, waste, variable costs and the application of pesticide
due to better air ventilation.

,OOXVWUDWLRQ RI HOHYDWHG 39 §
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The concept of panels elevated above agricultural land on A study conducted at the University of Arizona analysed the
VWLOWY ZDV xtUVW GHYHORSHG E\ $dvawthDf ehetdbMKdeR D gio@nd-mdhimey daqels that

+H QDPHG WKLV FRQFHSW ©VRODHUWHKRUILKHB WKDHQURRQYW WBRXQG PRXC
the sharing of solar energy between agriculture and power above ground at their lowest point. The study looked at the
generation. growth of cherry tomatoes, jalapefios and chiltepin peppers

There are now 2000 solar sharing farms across Japan, W'thff:,tyzii)gfrga?;s:m native to the Americas), with different
agrisolar responsible for 0.08 per cent of national solar 9 9
generation in 2019. The solar sharing concept has seen  Results from the study showed that in the agrisolar system:
the revnah_satlon of abgndoned farms, with 31 per cent of f |JRU EKHUU\ WRPDWRHY ZDWHU XVH |
solar sharing farms being constructed on former deserted .

greater and total production doubled

farmland®?
+
Over 120 different types of crops have been grown t+ IRU MDODSHxRV ZDWHU HI+FLHQF\ 2

XQGHUQHDWK WKH HOHYDWHG 39 VW UheRrotxhiltepn frujt praxigcba was@hree tines Q J
cereals, vegetables, mushrooms, fruit trees, tea, coffee and  greater®

RUQDPHQWDO *RZHUV 7KH WASH RI fild R-Ref If Bn/ddiRoi%r dy2 P et G- ebofdr
amount of shading provided by the panels. in daylight houré? leading to an increase in system

2QH H[DPSOH LV WKH FRQVWUXFW L RpgfoRnarge. B udyDegtirnaGe e & par dedt iRc@ase
stilts 3 m above rice paddies in Japan, with some farmers inn generation by the panels from May-July (late spring to
the Chiba Prefecture earning nine times what they earn fronsummer) and 1 per cent increase in generation annéfally.
the crops below from the sale of solar enéfgy.



6XQ2a%JuLa2V /D 3XJgUH VLWH LQ )UDC
39 SDQHOV RYHU DSSOHV DQG SHD
system was built in 2019 over a 10-year old orchard of gold
delicious apples. There is spacing of 4 m between rows, an
the panels are 5 m high to allow machinery to pass through
The light interception of plants is 40 per cent and the
orientation of the tracker panels adjusted according to the
DSSOH RUFKDUG23V QHHGV 7KH GHV
installation of anti-hail net§’

I
A trial has been underway since 2016 near Lake Constance
*HUPDQ\ WHVWLQJ WKH HIIHFW RI
high structures on the growth of potatoes, wheat, clover and
celery planted beneath the arrays.

7KH SURMHFW GLUHFWHG E\ *HUPD
that the yield for celery, potato and wheat was greater unde
the modules than it was for the reference yield (area not
beneath solar modules) in a hot year, but lower in an averag
year®® The results indicate the potential for agrisolar in arid
UHJLRQV 7KLV ZDV FRQ+*UPHG LQ D
study in Maharashtra, India, showing that shading and lowe
evaporation from the modules result in up to 40 per cent
higher yields for tomatoes and cotton créps.

$QRWKHU HOHYDWHG 39 VWUXFWXU
Germany is a vertical, bifacial panels structure created by
company Next2Sun. The two sides of the modules face eas
and west, and the rows are spaced at least 8 m apart. The
areas in between the rows can be used for various types of
pasture utilisation, such as hay, cattle or sheep grazing, anc
chickeng?

JUDXQKRIHU ,6( V HOHYDWHG 39 VLWH QHD

Solar energy generation
in orchards, Agriculture Victoria

In 2021, a horticultural solar energy project
FRPPHQFHG DW $JULFXOWXUH 9
7DWXUD VLWH DV SDUW RI WKH 9
Investment Plan.

Researchers will investigate the potential for integrating

\osCias pangis withirca=oges o ehazd 1S 1:proy:: fruit

quality by protecting the trees and fruit from extreme
heat events and sunburn. Different solar panel
FRQxJXUDWLRQV VHH SKRWR Z
troe caropy.

Apart from energy production, the panels' impact

on tree growth, fruit yield, fruit colour and water-
XVH HItFLHQF\ ZLOO DOVR EH P
contae oVer thrae 0roWine Seescas. SRy use in
Australian orchards accounts for a large proportion of
production costs.

This project aims to combine renewable energy
gepsrationvathmasesersear-toals that armvide
strategic shade to trees and allow orchardists to adapt|
to climate change.

-—

“. Solar panels being constructed above a pear orchard as part of

/ $IJULFXOWXUH 9LFWRULD V SURMHFW DW
) .

$IJULFXOW !2: PIRCG/E TN TTT U500

KH



Across the world, viticulture has been impacted by increasi
temperatures, leading to earlier harvests, water stress,
unpredictable grape quality and higher sugar content in the

grapes. It is estimated that suitable viticultural land in Europ

will have decreased by 68 per cent by 2050.

,Q $XVvwubDOLD D UHSRUW E\ WK
DQG ,QGXVWULDO 5HVHDUFK 2UJDQ
wine industry as particularly vulnerable to climate change
due to its dependence on unique terroirs which are closely
related to climaté? Australian grape growers are acutely
aware of the challenges caused by climate change, with so
installing canopies over the grapevines for hot summers to
prevent sunburn and heat exposure, as well as applying str
mulch to cool the soft.

$ )UHQFK VWXG\ UXQ E\ FRPSDQ\ 6X
WKH JUHQFK (QYLURQPHQW DQG (Q
IRXQG WKDW SODFLQJ HOHYDWHG 3
* reduced water demand by 12-34 per cent

 similar or improved crop yields

» reduced alcohol content of the wine

» improved aromatic properties of the wiffe.

One example where such an agrisolar system has been
LOQVWDOOHG LV DW WKH 1LGROqUH
VRXWK RI )UDQFH 7KH HVWDWH D |
eight generations, constructed a 2 MW solar farm over
three varieties of vine: Grenache blanc, Chardonnay and
Marselan. The panels are 4.5 m from the ground, and the
URZV DUH GLVWDQFHG
is expected in 2021, and preliminary results have shown a
20 per cent reduction in water consumption on the farm, a

decrease in growth arrest and a reduction of leaf burn even

during the heatwaves of the 2019 sumnder.

B :

P IURP HI

GXQ $-JUL V HOHYDWHG 39 SDQ"HOV DW 1LGROqUHV (VWDWH DUH
- e s I I.l.l ﬂ i‘ 1 .... ... .

Agrisolar proposal for South
Australian winegrower

Renewable energy development company Energy Estd
KDV EHHQ ZRUNLQJ ZLWK 3D[WR(
D VLIQL+FDQW ZLQH JURZLQJ UH
to collaboratively explore the opportunities for an
agrisolar system on its estates. The system aims to
integrate existing agricultural practices and machinery
to generate clean energy, potentially reducing grid-
connected electricity consumption on the estate, and
SURYLGLQJ D UDQJH RI DJULFXO
is in the early design stages and will be formalised
throughout 2021.

7KH SDUWQHUVKLS KDV DOUHDG
SRWHQWLDO DJULFXOWXUDO EH(
on the estate, including the prevention of extreme
weather effects such as sunburn, hail and storm
damage, a cooler microclimate during heatwaves, and
water savings.

&KDOOHQJHY LGHQWL+HG LQFO X 43
around the existing growing, harvesting and

maintenance equipment requirements, as well as how

to strike the right balance between solar and viticultura
solar exposure throughout the day and year to
PD[LPLVH DJULFXOWXUDO \LHOG

7KH SURMHFW DLPV WR EH DQ $X
inspiration drawn from international experience,
SURPLVLQJ DFDGHPLF UHVHDUFK
infrastructure development experience.

LQ

B =<3
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JUDXQKRIHU ,QVWLWXWH IRU 6
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$JULFXOWXUDO DQG )RUH¥W)B U Wik RRRENV R
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& < & Only a small number of studies have been carried out
EE E “o—= worldwide concerning a possible heat island effect associated

The most important consideration for solar farm siting (like with solar farms.

other types of power stations) is proximity to strong parts | KLOH WKH $+QGLQJV DFURVYV WKHVH VW
of the electricity transmission network, and the population = . P .
. the site context, the following broad themes have emerged

centres they are designed to serve. to date:
i remote, ouback lcations dus 1o the very high costs - EPeraufes  he SbE o Lsolafatr ate Shly

o S ery hig higher than ambient temperature, returning to ambient
associated with transmission line extensions and the energy temperature several metres above a solar farm
losses that occur when electricity is transported over longer P
distances to consumers. e temperatures are slightly warmer directly adjacent to

. a solar farm, returning to ambient temperatures with
Other key features that solar farm proponents seek in a 9 P

VXLWDEOH VLWH DUH 2DW RU JHowo\ PEESTB NS BY YR Hun LPsDFWY RO
native vegetation and cultural heritage can be minimised. < air temperatures at ground level underneath panels may
This is most often land which has been previously cleared for be slightly cooler during summer months

farming purposes. e air temperatures directly above solar arrays may be

Many companies working within the Australian utility-scale slightly warmer at night and during warmer months.
splar sector ha_lve commnted to minimising the impacts on, gme Australian jurisdictions, a 30 m buffer between
highly productive agricultural land (see the Clean Energy

&RXQFLO2V %HVW 3UDFWLFH &KDuW%r@yaﬁrﬁg&:%ﬂg%ﬂ,%@%?gi@ﬁmﬁ”;ﬁ%m”egﬁQ/VLS

Developments in Appendix 1) and prioritising the use of Ies%—e used to assist with cooling and to create a heat bifffer.

productive land wherever possible. Given the relatively small changes in temperatures around
As this guide indicates, there are opportunities for agriculturalsolar farm, the Clean Energy Council considers that such
DQG VRODU SURGXFWLRQ WR EH L Q Wil &rés\areenyieddgnherd tete G mpentuned G
advantages for farming communities and renewable energysensitive food production (e.g. stone fruits) on adjoining land.
proponents.



" E S e E E °

EE - ™, ° T
The planning consent conditions for solar farms require RS
FRQVXOWDWLRQ ZLWK ORFDO *UH DModeknRsaldr fArmsihave W keldtivel\KligHt fBaxpdiit on
DVVHVVPHQW RI EXVKxUH ULVN DQGWIKRHP OO FR PADNK 8 WWUWMAWRWKHU IRUTF
standards. This typically includes maintaining buffer areas oéxample, in contemporary solar farms, steel piles that support
cleared land within the perimeter of the solar farm, as well athe solar arrays are driven directly into the soil, without the
the provision of water tanks on site. need for concrete foundations.) This light footprint makes it

Asset manaders are required to have an emergenc relatively straight forward to return solar farms to their former
g 9 gency Ignd uses at the end of their permitted operating life.

management plan in place, and once operational, solar farm
are monitored around the clock providing an early warning Any commercial agreement between a landholder

system. and proponent typically does and should include
decommissioning plans, detailing the responsibilities of
f E - the solar farm owner to remove the solar arrays and other

Photovoltaic solar panels are designed to absorb light ratheﬂ-QlUDVWUXFWXUH D_W WKH HQ_G RI'D SU
WKDQ UH2HFW LW DQG DV VXFK w Klifg\andseiiing theysaparty iq s \orgiray cenflitipnte e

RI UH2HFWLYLW\ 7KH\ DUH FRQVW U Rfef thef isp0seileyN OLIKW DEVRUELQJ
materials, and many panels are also covered with an anti-

UH2HFWLYH FRDWLQJ $V DQ H[DPSOH WKLY ORZ UH2ZHFWLYLW\ HQDEOHYV
solar farms to be constructed in close proximity to airports.

Glare can be found in both the natural environment

(bodies of water, snow) and the built environment. The

glare associated with some natural landscapes is far more

VLIQL+FDQW WKDQ D GDUN OLJKW DEVRUELQJ VRODU IDUP

While the metal frames around the individual panels and the
mounting frames may have glint impacts, this is limited to a
minimal surface area. In addition, some panels now have a
dual glass frameless design and hence have zero glint.
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6HNL\DPD 7 DQG 1DJDVKLPD $ 6 R O D U *5TH®Wdrl®(20LB) Eneésdy AnK fodel BoGetie0) @der solar panels, crops
Clean Energy Production: Performance of Agrivoltaic Systems for Corn,  thrive, https://www.pri.org/stories/2018-06-08/energy-and-food-together-
A Typical Shade-Intolerant Crop, Environments. https://www.mdpi. under-solar-panels-crops-thrive
com/2076-3298/6/6/65/htm. 2 |bid.

JUDXQKRIHU ,6( $JUL 3KRWRYROWDLF528%Rl[JJ QLWLHV )R\lXI %JOULFXOWXUH

DIIRUG H $JULYROWDLFV Sl
And the Energy Transition. https://www.ise.fraunhofer.de/en/key-topics/
integrated-photovoltaics/agrivoltaics.html. WKH IRR G HQHUJ\ ZDWHU QH[XV LQ GUIODQGV 1

2019.
Ibid. . .
%6 RenewEconomy, (2020) Gupta solar farm to employ innovative
See Box 1. construction method to save ‘bonsai forest. https://reneweconomy.com.
Direct current (dc) au/gupta-solar-farm-to-employ-innovative-construction-method-to-save-

bonsai-forest-86366/.
Megawatts dc

50 gigawatts of power in alternating current (AC) : Marrohu, H et;l, (281.3) tl:/licrocl_inraltqe znde;r aglgrivoltaicl sg/spt\enjs: IIS crlop
owth rate affected in the partial shade of solar panels® cult

Australian Energy Market Operator, (2020) Integrated System Plan 2020. gDr (\SVG YRUHV WI OH SVaHIRlSJ ROR JS\ rng o )S< = S” . ura; DIHV
https://aemo.com.au/en/energy-systems/major-publications/integrated- o, v irect. com/science/article/abs/pii/S0168192313000890.
system-plan-isp/2020-integrated-system-plan-isp.

. . % %DUURQ *DIIRUG HW DO $JULYROWDLFV S|
Assumes 2.4 ha will be required for 1 MW AC power WKH IRRG HQHUJ\ ZDWHU QH[XV LQ GU\ODQGV 1
Land used for agriculture estimates sourced from ABARES, (2020) 2019.

Snapshot of Australian Agriculture 2020. https://www.agriculture.gov.

au/abares/publications/insights/snapshot-of-australian-agriculture- and Clean Energy Production: Performance of Agrivoltaic Systems for

2020#agr|cuIturaI-productlon-ls-growmg. Corn, A Typical Shade-Intolerant Crop, Environments. https://www.mdpi.
. YDUPHUV 5HQHZDEOH (QHUJ\ /D Q G K Bim@dT6133966@ M5/ kW W S V

QVZIDUF’HUV RUJ DX 16:)$ &RQWHQW QGXVW%\&ROLF\ 5HVRXUFH 5HQHZDEOHB

Energy_Landholder_Guide

6HNL\DPD 7 DQG 1DJDVKLPD $ $ 6RODU 6K

31 Schindele, S et al, (2020) Implementation of agrophotovoltaics:

JUDXQKRIHU ,6( $JUL BKRWRYROWDLF 2 $Brimbld¥chhidNdhdil¥is )R tHe Bricd-bérisimnineeldto and its policy
And the Energy Transition. https://www.ise.fraunhofer.de/en/key-topics/ LPSOLFDWLRQV $SSOLHG (QHUJ\ 9ROXPH
integrated-photovoltaics/agrivoltaics.html. org/10.1016/j.apenergy.2020.114737.
Ibid. 2 6HNL\DPD 7 DQG 1DJDVKLPD $ $ 6RODU 6K

and Clean Energy Production: Performance of Agrivoltaic Systems for

University of Cambridge, (2020) Green energy and better crops: Corn, A Typical Shade-Intolerant Crop, Environments. https://www.mdpi.
Tinted solar panels on greenhouses. https://www.sciencedaily.com/ com/2076-3298/6/6/65/htm.

releases/2020/08/200804111455.htm.

% |bid.
39 0DJD]LQH JORDWLQJ VRODU 39 JDLQV, JOR ,@@,,Jf@epgi&(gwxp FKMYWSKRWRYROWDLE 2SS
ZzZ SY PDJD]JLQH FRP ZRDWLQJ VRODWng e ERerdy YranGiBrE RtES:/mww.ise.fraunhofer.de/en/key-topics/
momentum/. integrated-photovoltaics/agrivoltaics.html.
%DUURQ *DIIRUG HW DO $IJULYROWDLPFVIBBEURYLGH PXWXDO EHQH+WV DFURVYV

WKH IRRGHQHUJ\ZDWHU QH[XV LQ GU\ODQGY¥ \LiuW ¥ b, e2825)\RekoRli&id ShdeWayrivdRafd systéhtsSs crop
2019, 851. growth rate affected in the partial shade of solar panels? Agricultural
Ibid. DQG )RUHVW OHWHRURORJ\ 9ROXPH 3DJHV

sciencedirect.com/science/article/abs/pii/S0168192313000890.
National Renewable Energy Laboratory, (2020) Capital Costs for Dual-Uge ,

% JULYROWDLFV SU
SKRWRYROWDLF ,QVWDOODWLRQV %HQFK
6\VWHPV ZLWK 3ROOLQDWRU )ULHQGO\ 9HJH %\Hﬁ?%g J&%??@@%ﬁﬁ@%\; \)V%ISG\}J\ODQGV !

www.nrel.gov/docs/fy21osti/77811.pdf.

¥ ELG )UDXQKRIHU , $JUL 3BKRWRYROWDLF
Andrew, A., (2020) Lamb Growth and Pasture Production in Agrivoltaic  Agriculture And the Energy Transntlon. https:/iwww.ise.fraunhofer.de/en/
Production System. https://ir.library.oregonstate.edu/concern/honors_ key-topics/integrated-photovoltaics/agrivoltaics.html.
college_theses/v405sh87r.  |bid.

*?ABC News, (2020) Trial of sheep grazing under solar panels shows early Hassanpour Adeh E, Selker JS and Higgins CW, (2018) Remarkable

21

22

positive results. https://www.abc.net.au/news/rural/2020-08-25/parkes- DJULYROWDLF LQ2XHQFH RQ VRLO PRLVWXUH Pl
solar-panel-sheep-trial-early-positive-results/12581756. XVH HI*FLHQF\ 3/R6 21( KWWSV GRL RUJ
Oregon Public Broadcasting, (2019) Research Suggests Solar Energy pone.0203256.

Production and Agriculture Can Get Along. https://www.opb.org/news/ ** Ibid.

article/research-solar-energy-production-agriculture-can-get-along/. “2 Tajima, M (2020, October 14-16) Agrivoltaics in Japan [Conference
6RODU3RZHU (XURSH $JUL 39 +RZ VRO PFSHBIHSHVOIRG GO LS H U I\

transition in rural areas. https://www.solarpowereurope.org/agri-pv-how-

solar-enables-the-clean-energy-transition-in-rural-areas/.
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