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Agri-PV: A Dual Solution for Food and Enerqgy Production
Agri-PV: Tsgsumswaawapviuua:2imsiuwuniaednu
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Agricultural Photovoltaics (Agrivoltaics or Agri-
PV) refers to the integration of solar energy pro-
duction with agricultural activities within the same
land area. This dual-use strategy enhances land-
use efficiency, offering a practical approach to ad-
dressing climate challenges, promoting sustainable
food production, and supporting local livelihoods.
Agri-PV systems are designed to optimize both
agricultural productivity and renewable energy
generation, delivering a range of economic, envi-
ronmental, and social benefits. Key advantages in-
clude:

inAlulad Agriculture photovoltaics H3d Agrivolta-
ics 1Bundua 31 Agri-PV Aomisystunmsmswaa
WavVIULEVANFAUADASSUNVASIAUASASTUWU
Rauldednu Wunagnsmsidus:losiAduaenoi
Us:ansnmw taussalthkunsliumsuileusianiw
n091MA MsWaaIKISaEVdvEu La:msaduauu
1ASYZADPADVAU S:UU Agri-PV [dSunisaaniluuLiWe
AsWaanNIvAIsIABasLa:wavviunatnuiuan
1druasvUs:TosuiMmoLASUTAD Foudaddu ua:
JoAuHa1gUs:N1Ss S:UU Agri-PV TUaddvod:

1. Reduced Land-Use Competition — Enables the simul-

taneous use of land for both solar energy production and
agriculture, addressing conflicts between food and energy
demands.
2. Crop Protection from Heat and Drought — Solar panels
provide shade, reducing heat stress, conserving water, and improving soil moisture retention for crops.
3. Renewable Energy Supply — Supports agricultural operations with clean energy, lowering production costs and enhancing
energy security, particularly in remote or off-grid areas.
4. Additional Revenue Streams — Allows farmers to sell surplus electricity, diversifying income sources and providing finan-
cial resilience during low-yield seasons.
5. Reduced Fossil Fuel Dependency — Promotes the use of renewable energy in agriculture, decreasing reliance on fossil fuels
and contributing to emission reduction goals.
6. Improved Solar Electricity Yield — Enhances solar panel efficiency through the cooling effect of crops or vegetation grow-
ing beneath the panels.
7. Enhanced Operational Efficiency - Provides shelter for livestock and powers automated systems such as irrigation, aera-
tors, and climate control, improving overall farm productivity.
8. Biodiversity Conservation — Creates natural habitats and foraging areas beneath solar panels, promoting biodiversity and

ecosystem services.
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1. msaamisudvdulumstdnau: inalulad Agri-PV goglitnuasnsaiuisanaawadoviuuavainagwiasunumsuaniisHéalagodas
uuWuALGEIAU
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2. msUaviuiisoinanussuna:md:uioudo: unolsaisisaalisungieUaviuisonanudauna:mo:ukoudo aomsitsin uas
WwumstauAnANUEUluGu

3. msdamwavounaunu: inalulad Agri-PV SaHiwdvviunaunuliFAumsuguanisnomsiauas aaAdineg uazlwuaIuluAY
duwaoviu laglawr:tuWuRnaguanlasuieTwWaHAN
4. msaswsrwldawué: Invasnsaisawaaua:ugwin assieldnranHaiguaziadosnwsioldlugivnnananaa

5. msaamstBioiwaowoasa: inalulad Agri-PV osaamsididaiwiowoasda dolasumsidwdoviunaunutumsuguamsinuas

6. mstWuUs:aAnSnIwmswaalwiwh: wsseuwstdunolsansSisadydsanaausniinmelduny (Cooling effect) aamisa:auuavAdiusau m
tRUs:ansmwuwolsasadddu

7. mstuuszansmwmsriiu unvlsaiSsadliinidoundasua:wadovulidus:uusalulda dudlietwuus:ansnIwnisrioiu

8. MsausnBAIUKAINKANMIVBEIMW: NsAQAY Agri-PV $2elRTWURWBWSSTUsssUBIaua:wuRKAuldumvlsansisad 5ubde
DUSABAIUHAINHAWNIVEINMW

Global Perspectives on Agri-PV

Recognizing its multifaceted benefits, Agri-PV is being widely researched and deployed worldwide. At Forschungszentrum
Jalich in Germany, studies have explored the performance of Agri-PV systems with different crop types, including soybean
varieties with varying chlorophyll content, and the integration of photovoltaics with existing foil tunnels for growing spin-
ach, tomato, and raspberry. Similarly, the Fraunhofer Institute for Solar Energy Systems has evaluated Agri-PV systems with
wheat, potato, celery, and clover grass.

As of 2022, the global installed capacity of Agri-PV reached approximately 14 GWp. In Japan, around 3,000 small-scale sys-
tems have been installed, contributing 1% of the country’s electricity generation. Germany has a combined capacity of 16
MWp, comprising 11 research and 8 commercial systems, with a national potential estimated at 1,700 GWp. Italy has approved
a 600 MWp Agri-PV project, while China’s Shandong Province has announced plans for 42 GWp. Additionally, Israel is pre-
paring to implement 100 MW across 100 locations.
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dreus:lgslinKanHagudY Agri-PV miRImMs3dsua:tihlutdludaisus:inandlan AamUu33s Forschungszentrum Jilich tuus:zina
wasuu [aTMsAnUIAEIAUUS:ENSNTWUDVS:UU Agri-PV Auwssiacva Tdus wusadisdavndusuirunaslswanuandionu ua:
msysanmsunolsaidisadidinulsoidauwaradniidoiundluiiauaniinluy uziisinA ua:s1aluass Ramiu Fraunhofer Institute
for Solar Energy Systems [amsinuus:1dus:uu Agri-PV AuTda1a Uursy 131a95 ua: clover grass

{ul 2022 s:uu Agri-PV Adadvuddilanimdvniswaasou 14 GWp Tuus:inArdJu Gs:uu Agri-PV yunaldnus:uieu 3,000 s:UU AQ
10U 1% vovrdowaalwwavovus:ina tuds:inAteasu Gmsaadoluudd 19 s:uu Us:ndpuddell s:uutWoms3deua: 8 s:uutWans
w1edsg Grdonaasou 16 MWp nuiilgasiulAngnwmMsWanagh 1700 GWp d@uus:inAasma Dnmsaudalasunisuuia 600 MWp
tuvruzAurunasuaviuls:inASuldus:mAununsdadv s:uuuua 42 GWp uanand Us:inAdasioamavlassuwsounv:didunis

Gadiv 100 MW tu 100 Wui

Potential Applications of Agri-PV in Thailand

Thailand presents a promising opportunity for Agri-PV develop-
ment, supported by its extensive agricultural resources, favorable
solar conditions, and evolving energy transition goals. With 46%
of the country’s land area—over 22 million hectares—dedicated to
agriculture, and around one-third of the labor force employed in
the sector, integrating solar generation with farming could deliver
significant socio-economic and environmental benefits.

AnonwnisUs:gnals Agri-PV luus:inalng

Us:tnAlnedlamandiuniswauun Agri-PV laglasumis
atiuayumnnswennsMoNISINBAsAKaINKa1e anw
UavoINagALEp31ue ta:lUNKUIEMSWUEAgURUWEOOUA
fdowauun laedwunnistnuasaatdu 46% vpoWuRnvKUQ
upVUS:INA KEDAN31 22 AusnmS wazus:ruRGvlUaUUDY
usvvIuluus=tNAMIVIUlUNALNYASASSY ANSWATUWaVVIU
uavanagnaumstinuasadthlugus:losinolAsygao
ua:FowdadouidAry
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In Thailand, three sectors with strong potential for Agri-PV integra-
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tion include:

Vegetable Production — Thailand'’s vegetable farming covers
around 480,000 hectares (3 million rai), cultivating over 60 varie-
ties. Key crop families include Amaryllidaceae (amaryllis family),
Cruciferae (cabbage family), Cucurbitaceae (gourd family), Fabace-
ae (legume family), and Solanaceae (nightshade family). Agri-PV
systems can help mitigate climate-related stress factors such as
heat, drought, and excess sunlight while reducing water loss.

Microalgae Cultivation — Microalgae are rich in nutrients and bio-
logically active substances, making them a valuable resource for
various applications, including food, health supplements, animal
feed, pharmaceuticals, cosmetics, biofuels, and bioplastics. Spiruli-
na dominates the global microalgae market, which has reached
USD 651.35 million in 2024, growing at a CAGR of 10.6%. Commercial
cultivation systems include open raceway ponds and photobiore-

actors. While open raceway ponds are economical, they typically
have lower biomass productivity and higher contamination risks. In contrast, photobioreactors offer precise control, higher

yields, and reduced contamination, though with greater cost and complexity.

Upstream Aquaculture Production — This involves the breeding and hatching stages of aquaculture, ensuring a healthy and
productive stock for grow-out systems. Agri-PV can offer multiple benefits, including moderating water temperatures, reduc-
ing evaporation, providing shade for aquatic species, and generating clean energy to power water pumps, aerators, and light-
ing systems. Given the profitability and growth potential of Thailand’s aquaculture sector, it represents a highly viable area
for Agri-PV adoption.

fuus=inalng mAdiunbAngmwgolumsth Agri-PV U3 Taun:

MswWaarn — mstnuasAniuls:inAlngAsaUAaUWUAUS:UEU 480,000 tanms (3 31uls) lasuanWnuinn3i 60 slia WNAUgNKAN
16UA J29AHDL JVAN:HAI-WANIQ JVALLAY JVAED Las JVALELED S:UU Agri-PV aiuisagdgaanans:nudInanid:omARSauIa Ad:
udv uavuoafuiniiulu wa:grsaomsgeruidoth

MSIWELEgvaIHSIBUINALEN — SIS 1wuUaldngauludisaisoHisua:
asaangnsmMudiniw JutdudandudiAtgluralganaiHnssy WU 21K1S
DIHISLASU DIHISANS 1 1A3D0d1v IBDIWEVEINIW Lazwanadndonmw
lagalusaunAsovaalaaiksiguuiatandlgyadiaalads:=uieu 65135 du
IHSEUaHSY (2237 Wuduun)iul A.A. 2024 ua:dasinistaulanascdol
(CAGR) 2 10.6% S:UUMSLABVIBOWITIBEUS:NDUAILS:ULLDLTQ
(raceway pond) ua:s:uutalugioufjnsal (Photobioreactor) s:uuuallai
JaGApnsnnasvua:Unsvsnuddunuch usHIsSansde ucdtinawaach
ua:tdsodamsuulaugv tuvru:As:uuloaisanduAuand:msiasld
agoubugh tRnanangoua:aomsuullau udiddunugoua:anusdudautu
msSamsuIndu

mswaadasthmetdaaladudh - mswaadasihmetdoaradudh

Us:nauddgmistwi:wusiia:nmsayuiaanwusiWodvdainuasns duasudi
AauaAnuLtovontlugaiBuduusvs:uumswaadasthAdaruniw Agri-
PV Us:lgslikangus:ms [dun MsAUALREUHATUDVLN NMSaaMSS:IHY
mstFsuIAUdasth La:mswaawaoviua:alatwadulndaugunsaidie




B

Zero

Tech Update

Agri-PV Design
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Unlike conventional photovoltaic (PV) systems, where maximizing en-
ergy production is the primary objective, Agri-PV systems must care-
fully balance energy generation with agricultural productivity. This
dual-use requirement results in a more intricate set of design parame-
ters that directly influence both system performance and agricultural
outcomes. Key parameters include installed capacity, solar irradiation
levels, ground cover ratio (GCR), row spacing, vertical clearance, PV
module technology, system configuration, and mounting structures.

The selection and optimization of these parameters depend heavily on
site-specific conditions and the type of agricultural activity to be inte-
grated. For instance, in crop cultivation, parameters like GCR, row spac-
ing, and module technology and system configuration significantly af-
fect light availability, soil temperature, and humidity beneath the pan-
els — factors that directly influence plant growth and yield. Shade-
tolerant crops may benefit from higher GCR values, while light-

demanding crops require wider row spacing and increased vertical
clearance to maintain adequate sunlight exposure. For aquaculture and algae cultivation, parameters such as shading ratio and
water temperature control must be carefully managed. Shading ratio affects light penetration, photosynthetic activity, and wa-
ter temperature, with excessive shading reducing algal productivity while moderate shading in aquaculture ponds can lower
heat stress and minimize evaporation. Optimal shading levels must be tailored to the specific biological and operational needs
of each system to balance energy generation with aquatic productivity.

Given the complexity and interdependence of these design variables, extensive research, site-specific field trials, and computer
simulations are essential. These tools allow for the assessment of energy-agriculture interactions, optimization of system lay-
outs, and quantification of trade-offs, ultimately supporting the development of tailored Agri-PV configurations that maximize
both renewable energy generation and agricultural productivity.




N1SDDAUUUS:=UU Agri-PV

ANSDDNLUUS:UULBaALavDINQE (PV)
AdlU:jolduniswaawdooiuduran
tuuruzAs:UU Agri-PV Govaanlluull
awnsaasivauqas:H3IvNSWaa
Wauvulla:NaaWanvuAISIAYASDETY
tHU:au mistdus:loslsoududdona
Rwishdlaasiunisoanuuuiindu
Fudaundu uazdowalasasvcoano
Us:ansSnwudvus:uulazwawac
NuASIALAS Was1DLaasa Aty
Us=noudoe mavniswaalwwn
USuieusvEuavoniag sas1dsuwun
Unnau (Ground Cover Ratio: GCR)
S:g:H10S:HIOUUIUINWY S:8:AD
golduwv tnaluladiupvuwolsaa
uavanag §Uuuumsc'lc1c?os:uu uas
1ASVas1vVTIUSDVSULLND

mstdonuazusuucivAiwisioinos
HahdduagiuaniwWuRua:us:Lnn
AvAssuNMSIABAsAtLSIVLEHAU
s:uulludAny 16U tunsedmsuanws
ACIY 9 WU GCR S:g:=H10S:K310UAD
inAlulagdumy Ha=N1sYaI1VS:UU o=
dowadoUsunuuavAwslasu arurnD
ua:anuduldumy Fodwalagasvcio
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msosruiaulaua:nawaa WsAnusuldavHuI:AUNSAQdVs:UUADA1 GCR gon3i luuru:zAWsRdaomMsuaouInsndudovWus:o:H1o
s:H3vundua:ANUVlAuNVLWTIRIASULaVREIWgVWD dHSUADNSSUIWILEEVAASUNLA:NSWAOaIHS 18 Wis10L0aSagv9as18ou

su (shading ratio) ua:N1sAdUAUREUHATUNGDVIASUNMSPDNUUUDEIVSDUADU lagdnsidiusuiodunacionIsaolAs1zKILaY wa:
aruR0t Kndsuunaulud:aanawaaairsie luvauAsuolus:auiku:auAuUaldgvdadtiydoannnulAdsavINRruRNDIa:
aonss:IKgUDVLN S:AUSUIIALKU:aULA:aD0AdDVAUS:UURAAFOSthSvTAIUEATUlUNMSSAIaUQas:HIVMSKAAWAVVIUAU

Wawaanvuaaiin

(ipvonduustuniseanuuudinNUBUSDULa: SUWUSAU NSANLISIE Nsnaapw
AMAaUUTUWUADSY tazwuuShaosvmonduwdLaasSuldudvstiu tndaviiatkariyoe
31AS1:RUHIUWUSSzHIIOMSHAAWAVVIUAURANSANIVMISIAUAS USUNosULUUS:UU
Us:zLiuns trade off tWDWCUUNS:UU Agri-PV foonuuulawi:wuiua:ionssu tHIG
Us:lgsudgoga
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Agri-PV Research in Thailand

Several Thai institutions are actively advancing Agri-PV re-
search and application. The National Electronics and Computer
Technology Center (NECTEC-NSTDA) has installed pilot Agri-
PV systems at Sri Saengtham Temple in Ubon Ratchathani and
at NECTEC's site in Pathum Thani, testing a range of crops in-
cluding Chinese broccoli, kale, carrot, tomato, cornflower, bor-
age, and roselle. In addition, King Mongkut’s University of Tech-
nology Thonburi (KMUTT), in collaboration with the National
Center for Genetic Engineering and Biotechnology (BIOTEC-
NSTDA), is conducting studies on integrating Agri-PV systems
with microalgae cultivation in both greenhouse and open-field
settings.

These initiatives contribute valuable insights into site-specific
system design, crop compatibility, and energy-agriculture syn-
ergies for future commercial-scale deployment.
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ms399 Agri-PV tuus:inalne

anuuluds:inAlnekateudvimsiadguazus:gnald Agri-
PV gudinaluladsiannsalindua:AouwiLaasuHosd
(wAtnA acny.) [dd@ados:uu Agri-PV wuudutuuniaians
uavsssuludorInguasissitiuaznuana usvk3aunusid
lagrhmsnaaauwskalgsda laua A0, 1Aa, uAson, U:ldd
tnA, ApSUWa1DS, TUSID, llazNS:II3ULAY UdNDING
UK3Ng1denATulagws=0aULNAISUUS (UDS.) SOUAUAUE
wus>Smonssuuaztnaluladgoniwurvsa (lulotna asns.)
MdocdumsAnuis:uu Agri-PV SouUfilunsLagvaiise
uunadanvlus:uulsvidauna:usida

VUdEIkadEetRladayalBuanaHsuldiunisoanuuu
S:UURLKUN:aUAUANIUR IKUN:auAUBTQUDOWS Uaz90
(KU:AUEIHSUMSHAOWAVVIULANAANANISIAVASATA
Us:ansnwavaa tWanisus:gnaldoulus:AuLGowIaue
ol

Source: Workshop on Agriculture Photovoltaics: System Design for Food and Energy Production, 24 April 2025, at KMUTT

Knowledge Exchange for Innovation Center (KX).

ukdvdaya: vIUUS:yUIBVUHUANTS “LUDAQNISDDNLLUUS:UU Agri-PV mistdansiaws/da3 tWonmswaawaooiuna:oaHis” Suf 24
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