Agrofotovoltaika
(agrivoltaika)
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Vybeér
mez1 levnou pozemni fotovoltaikou
a drahou fotovoltaikou na
strechach,
je faleSnym dilematem.

Budoucnost je v levné fotovoltaice
mimo strechy a pudu.



Agrofotoviyltaika

...co to je?




Agrofotovoltaika &
(agrivoltaika, agro-FVE, APV) ol

= Cisty a obnovitelny zdroj energie

zvysuje hospodarsky vynos z pozemku az o 80 %
(dvoji troda)

resi nase dilema mezi polem a velkokapacitni (levnejsi)
fotovoltaikou
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https://www.3sat.de/wissen/nano/200612-agrophotovoltaik-nano-104.html?fbclid=IwAR3IWIpSB0OV_vbPY1FiFoVrQ3uGQYJvHVN_rNgkYaLw0MB55SnWNRqXUWU
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GOETZBERGER, A.; ZASTROW, A. (1982-01-01). "On the Coexistence of Solar-Energy
Conversion and Plant Cultivation". International Journal of Solar Energy. 1 (1): 55—-69.
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Soil moisture

Q"+ QF = QH + QF + AQs + AQP (Ww )
Q' = net all-wave radiation (solar and terrestrial)

\ Qr = anthropogenic heat flux

' QH = sensible heat flux (atmospheric heating)

' Qe = latent heat flux (or evapotranspiration)

J A0« = net storage heat flux

%\, Qv = energy transferred through
anergy production




Kde se slepice a kravy pasly?




Reakce na zastineni

* Neutralni: ovoce (Jablko, hruska),
kapusta, salat

* Pozitivni: maliny, vinna réva

 Negativni: psenice, repka, kukurice

Zdroje: M. Beck, G. Bopp, A. Goetzberger, T. Obergfell, C. Reise, S. Schindele: ‘Combining PV and
Food Crops to Agrophotovoltaic - Optimization of Orientation and Harvest’; Amaducci S, Yin X,
Colauzzi M. Agrivoltaic systems to optimise land use for electric energy production. Appl Energy
2018;220:545-61; Sekiyama T, Nagashima A. Solar sharing for both food and clean energy
production: performance of agrivoltaic systems for corn a typical shade-intolerant crop. Environments
2019;6(6):65; Malu PR, Sharma US, Pearce JM. Agrivoltaic potential on grape farms in India. Sustain
Energy Technol Assess 2017;23:104-10; Elamri Y, Cheviron B, Lopez J-M, Dejean C, Belaud G.
Water budget and crop modelling for agrivoltaic systems: application to irrigated lettuces. Agric Water
Manag 2018;208:440-53; ...



Pruhledné solarni ¢clanky!




APV N Cirkularni ekonomika

- Elektrifikace zemédélské ¢innosti, v¢. elektrotraktoru,
farmbott, list, drticek, tridicich linek, ¢erpadel atd.




APV N protierozni opatreni

*  Ochranny pas = 22metrovy pruh, ktery rozdeluje dily
pudnich bloku’ na mensi c¢asti a zaroven zadrzuje vodu v
krajine. Na jeho plochu je mozné vysadit pouze nekolik
predem urcenych plodin, napomahajicich zadrzeni vody v
krajine.

» Instalaci fotovoltaickych panelu na tento pas pri zachovani
vSech jeho protieroznich vlastnosti muze zemedelsky podnik
zlepsit svou ekonomiku.

* Od roku 2021 povinnost zemedelcu’ tvorit ochranna opatreni 1
na erozne neohrozenych ptdnich blocich.

Zdroj: Bim, J. ‘Agrofotovoltaika, studie proveditelnosti: Vyuziti
FVE systému’ v zemedelské krajine pro udrzeni vody v krajine’.
Diplomova prace, CVUT Fakulta Elektrotechnicka, 2020.




Trommsdortt (2016): “AFVE
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staci nizsi bonusy nez malym
stresnim FVE, zatim ale
potrebujl vyssi bonusy nez
pozemni FVE.”
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Stav legislativy?

*  Podpora z ModFondu, pravdépodobneé 1 aukéni podpora

- Zakaz ,stavby® agrivoltaiky na zemédélské pude (potreba
odneéti ze ZPF)

« Aktualné: pozménovaci navrh

*  Technické parametry (Klub Agrivoltaiky)




Dekuj1 za pozornost.

Kontakt

Martin Madej martin.madej@alies.cz
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APV: 4 pripadové studie

Hérault
Heggelbach (DE) | Donaueschingen-
(FR) Aasen (DE) Eppelborn (DE)
Uvedeno do provozu 2019 2016 2020 2018
Plocha (ha) 0,06 0,34 14 7
ozimni psenice, , , , ,
. , . trava, travni trava, travni
Plodiny vino  jetel, brambory, Sstvin Sstvin
celer P Y P Y
Instalovany vykon (kWp) 84 194 4100 2000
Pocet panell (vykon v kWp) 280 720 (270 Wp) 5700 (380 Wp) -
Technologie panelu i bifacialni bifacialni, Z/V bifacialni
Vyroba (MWh p.a.) 249 4600 2150
LCOE (EUR/MWh) ' 82,90 27,80 33,49
Vynos - elektina ] 732,35 328,57 307,14

tr(MWh/ha)




Dalsi fakta
(priklad Donaueschingen)

vertikalni FVE = nizka reflexe svétla, odrazi se zpét do
zeme

2 z 14 ha potreba konvertovat z orné ptidy na traviny
rady mezi panely prizptsobeny technice na misté

technika pracuje pomaleji nez na volné plose (cca 30 %),
ale prostor pro zlepseni (GPS tracking/IoT)

méne vetru = méneée eroze
mensi maxima = mensi stridac

cisténi panelt neni treba




Output power W/m?

Yearly average of daily power distribution (365 days)
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Solar panels are perpendicular to the sunlight
and provide partial shading

The opposite of Normal Tracking where panels are parallel to the
sunlight allowing maximum sunlight on crops
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ARTICLES

Agrivoltaics provide mutual benefits across the
food-energy-water nexus in drylands

Greg A. Barron-Gafford ©2*, Mitchell A. Pavao-Zuckerman?®, Rebecca L. Minor'?, Leland F. Sutter'?,
Isaiah Barnett-Moreno'?, Daniel T. Blackett'?, Moses Thompson'4, Kirk Dimond ©5,
Andrea K. Gerlak', Gary P. Nabhan® and Jordan E. Macknick’

The vulnerabilities of our food, energy and water systems to projected climatic change make building resilience in renewable
energy and food production a fundamental challenge. We investigate a novel approach to solve this problem by creating a
hybrid of colocated agriculture and solar photovoltaic (PV) infrastructure. We take an integrative approach—monitoring micro-
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2xX vyssi vynos

- O 65 % Vyééi absorpce CO2 0 Chiltepin peppar Jalapana Tornato

- O 65 % nizsi spotreba vody




Agrivoltaika:
Oveéreni konceptu

(proof of concept)




Idealni podminky

- plodina vhodna pro agrivoltaiku

- rovinaty pozemek pravidelného tvaru, ale konstrukce se
dokaze vyporadat se svazitosti terénu

- mirné povetri, mirné teploty, nizsi vlhkost vzduchu
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Barron-Gafford et al.: Agrivoltaics provide mutual
benefits across the food—energy—water nexus in
drylands (2019), p. 6.




Article | Open Access | Published: 07 August 2019
Solar PV Power Potential is Greatest Over
Croplands

Elnaz H. Adeh, Stephen P. Good, M. Calaf & Chad W. Higgins

Scientific Reports 9, Article number: 11442 (2019) | Cite this article
14k Accesses | 3 Citations | 943 Altmetric | Metrics

Abstract

Solar energy has the potential to offset a significant fraction of non-
renewable electricity demands globally, yet it may occupy extensive
areas when deployed at this level. There is growing concern that large
renewable energy installations will displace other land uses. Where
should future solar power installations be placed to achieve the highest
energy production and best use the limited land resource? The premise
of this work is that the solar panel efficiency is a function of the
location’s microclimate within which it is immersed. Current studies
largely ignore many of the environmental factors that influence
Photovoltaic (PV) panel function. A model for solar panel efficiency that
incorporates the influence of the panel’s microclimate was derived from
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SOme vancties of lettuce produce greater vickds in shade than under

B sunbght. other vanctics produce essentially the same yiekd under an

open sky and under PV pancis Semi-transparent PV pancis open

. ’

additonal opportunities for colocation and greenhouse producton

’

W' reduced order mode! was re-evaluated 10 assess the potential for

arvoltase globally and the global energy demand?! (21 PWh) could be
offset by solar production if <1% of agricultural land at the median
power potential of 28 W/ m? were suitable candidates for agrivoltaic

systems and converted to dual use. Lack of energy storage and the




Contents lists available at ScienceDirect

b4 Applied Energy
f
ELSEVIER journal hemepage: www.elsevier.com/locate/apenergy
Implementation of agrophotovoltaics: Techno-economic analysis of the M)

price-performance ratio and its policy implications el
Stephan Schindele™*', Maximilian Trommsdorff®, Albert Schlaak™', Tabea Obergfell®,

Georg Bopp?, Christian Reise?®, Christian Braun®, Axel Weselek®, Andrea Bauerle®, Petra Hogy®,

Adolf Goetzberger?, Eicke Weber™?

LCOEaprv = 82,9 EUR/MWh = 138% LCOEcmpv

Comparison Levelized Cost of Electricity in €-Cent/kWh of APV
and PV-GM with split-up in CAPEX and OPEX
9 5 829
8
= 7 3 6,03
= 6 # CAPEX
€S 4 OPEX
g4
3
v
! 1,90 1,56
Vyso PV-GM APV ukcemi
Fig. 10. Comparison of the LCOE in euro cents per kWh of APV and PV-GM split
Vy é é,. into CAPEX and OPEX (Source: [40]).
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Mg g APV's dual function of agricultural yield protec-
tion while simultaneously generating solar power increases the eco- na

nomic output per area and enhances farmers’ resilience against the omezenou
impacts of global warming by securing and diversifying their sources of relevanci
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Jen omezena relevance LCOE

n I+ M+ Fy
Dl o

sum of costs over lifetime 1+7)t
LCOE = : N L)
sum of electrical energy produced over lifetime $or Ey
t=1 ¢
(1+r)
I : Investiéni vydaje v roce t
M, :  provoz a udrzbu vydaje v roce t
F; 1 Vydaje na pohonné hmoty v roce ¢
E; . elektricka energie generovana v roce t
r : diskontni sazba
n 1 Ocekavana zZivotnost systému nebo elektrarny

Plati, pouze pokud je zemédélec ekonomicky oddéleny od developera!
LCOE prizptsobeny monistickému hospodareni, nikoli dualni funkeci

APV.

Kde je hektarovy vynos? Kde jsou naklady na zavlazovani? Kde je
vyssi odolnost plodin viiéi suchu a jinym katastrofam? Uz vibec:
vyssi blahobyt pracovnikd nebo hodnota pro krajinu.

Je treba internalizovat superpozitivni externality APV!




agrofotovoltaika
ve svete

... priklady z praxe




2,8 GWp (2019)

Japonsko, Cina, Jizni Korea,

Francie, Mass. (USA)

Pole rajcat pod solarnimi panely v rakouském Dornbirnu.




Synergie: vino a solar

Etats-Unis Mexique

Spole¢nost Sun’Agri, Piolenc (JV F) .
S =1,000m?, SAV = 600 m” e e B e B

& Premiers résultats de I’expérimentation
84 kW’ VySka 4,2 m agrivoltaique de Sun’Agri a Piolenc

v, o, Le systéme photovoltaique de Sun’Agri, piloté par I'intelligence artificielle, montre son
V u thl AI efficacité surtout en période de canicule : les vignes ombragées par les panneaux
y solaires pivotants poursuivent leur croissance et montrent un besoin réduit en eau
grace a la diminution de I’évapotranspiration.

MARS 31, 2020 CATHERINE ROLLET

Pokles spotreby vody
0 12-34%

Vyraznéjsi chut vina

S=4,5ha
2 200 kW, vyska 4 m
Vyuziti Al

Pokles spotreby vody o 10 %

Teplé 1éto 2019: nechranéné rostliny se spalily, chranéné zustaly zdravé




